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Abstract

Background: Increased B-type natriuretic peptide (BNP) level is known as a predictive value for cardiac dysfunction in intensive
care unit (ICU) patients.
Objectives: To verify the association between BNP on admission and clinical outcomes including need for mechanical ventila-
tory/circulatory support and mortality in patients with heart failure (HF) in pediatric intensive care unit (PICU).
Methods: Medical records of 132 HF patients admitted to PICU between February 2009 and August 2015 were reviewed for demo-
graphic, clinical, and laboratory data.
Results: Among 113 patients who were finally included, mechanical ventilation (MV) and extracorporeal membrane oxygenation
(ECMO) were used in 64 (56.6%) and 19 (16.8%) patients, respectively. Parameters associated with MV were high pediatric risk of mor-
tality (PRISM) III score; highest vasoactive-inotropic score within 24 h of admission; elevated lactic acid, BNP, CK-MB, and troponin
I levels. Parameters associated with ECMO were high PRISM III score, reduced left ventricular ejection fraction (LVEF), and elevated
lactic acid and BNP levels. Only high PRISM III score and BNP were associated with mortality. The sensitivity and specificity of BNP
with a cutoff value of 1848 pg/mL were 75.4% and 72.7% for MV and 89.5% and 50.0% for ECMO.
Conclusions: In ICU settings, BNP levels on admission may be useful biomarkers during critical decision making including the
determination of mechanical ventilatory/circulatory support.

Keywords: B-Type Natriuretic Peptide, Extracorporeal Membrane Oxygenation, Heart Failure, Mechanical Ventilator, Pediatric
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1. Background

B-type natriuretic peptide (BNP) is a neurohormone se-
creted in response to increased volume and pressure in car-
diac ventricles (1, 2). BNP was shown to increase well above
100 pg/mL in cases of acute or chronic heart failure (HF) (3,
4). In addition, BNP has been extensively studied and fre-
quently used not only for HF diagnosis but also for evalu-
ation of risk factors and adverse outcomes in pediatric pa-
tients (5-10). However, the utility of BNP as a biomarker in
a pediatric intensive care unit (PICU) setting was not ex-
tensively evaluated. We aimed to determine the associa-
tion between initial BNP levels on admission and the need
for special interventions such as mechanical ventilation
or mechanical circulatory support in patients admitted to
PICU for HF. We also assessed the potential association be-

tween BNP and mortality. Finally, we compared BNP with
other clinical parameters to evaluate the efficacy in pre-
dicting the need for special interventions in these patients.

2. Methods

In this single-center retrospective study, the medical
records of pediatric patients admitted to the PICU of Asan
Medical Center Children’s Hospital in Seoul, Republic of
Korea between February 2009 and August 2015 were re-
viewed. Patients whose HF diagnosis was deemed qual-
ifiable for retrospective entry were included in the reg-
istry. HF diagnosis was based on conglomerative findings
of typical clinical features (such as tachypnea, dyspnea, di-
aphoresis, feeding difficulty) and radiographic, echocar-
diographic (whether or not structural or functional abnor-
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mality of the heart at rest was observed), and laboratory
findings. Patients, whose initial echocardiogram results
on admission or required laboratory data were not avail-
able, were excluded. Echocardiogram was performed by
an attending intensivist or cardiologist immediately after
admission to PICU. Left ventricular ejection fraction (LVEF)
was obtained using Simpson’s method. HF was classified
according to the New York Heart Association HF class for
older children, and Ross HF class for younger children.

Patient demographics, HF etiology, need for mechan-
ical ventilation or mechanical circulatory support by ex-
tracorporeal membrane oxygenation (ECMO), length of
PICU stay, heart transplantation status, and mortality data
were collected. Laboratory data obtained immediately af-
ter PICU admission included BNP, cardiac enzymes such
as CK-MB and troponin I as well as lactic acid as readout
for systemic circulation were collected. In addition, the
highest vasoactive-inotropic score (VIS) and pediatric risk
of mortality (PRISM) III score during the first 24 h after
PICU admission were collected. VIS was calculated accord-
ing to the following formula: vasoactive-inotropic score
(VIS) = dopamine dose (mcg/kg/min) + dobutamine dose
(mcg/kg/min) + 100 × epinephrine dose (mcg/kg/min)
+ 10 × milrinone dose (mcg/kg/min) + 10,000 × vaso-
pressin dose (units/kg/min) + 100 × norepinephrine dose
(mcg/kg/min).

Statistical analysis was performed using SPSS software
for Windows® version 18 (SPSS, Chicago, IL). Three consec-
utive comparisons were performed for variables between
two groups categorized according to the need for mechan-
ical ventilation, the need for mechanical circulatory sup-
port, or survival. Continuous variables were compared us-
ing the Wilcoxon rank sum test, expressed as a median
[interquartile]. Receiver operating characteristic (ROC)
curves were determined to evaluate variables as predictors
of the need for special interventions. We performed a re-
ceiver operating characteristic (ROC) curve analysis using
significant variables from univariable analyses. Optimal
cutoff points were determined based on 95% confidence in-
tervals (95% CIs). For all analyses, P values < 0.05 were con-
sidered statistically significant.

This study was approved by the institutional review
board of Asan Medical Center. The IRB confirmed that no
ethical approval for such retrospective analysis of anony-
mous data is necessary.

3. Results

A total of 132 patients were admitted to the PICU for
HF during the study period. Of these, 19 patients were
excluded from the study due to incomplete data (absent

echocardiographic data on day of PICU admission, n = 8;
lack of complete cardiac marker results, n = 11). Thus, 113 pa-
tients were included in the final analysis (Table 1). Congeni-
tal heart disease was the most common cause of HF (61/113,
54.0%), followed by cardiomyopathy (47/113, 41.6%). Major-
ity of the patients (101/113, 89.4%) were classified as class IV
HF, and the remaining 12 patients (10.6%) were classified as
class III HF.

Table 1. Clinical and Demographic Characteristics of Patientsa

Characteristics n = 113

Age, y 0.5 [0.2, 7.5]

Sex, male 54 (47.8)

Length of PICU stay, days 12 [6, 22]

HF etiology

Congenital heart disease 61 (54.0)

Single ventricle defect 16 (14.2)

Complete atrioventricular septal defect 10 (8.8)

Transposition of the great arteries 9 (8.0)

Septal defect 7 (6.2)

Tetralogy of Fallot 5 (4.4)

Double outlet right ventricle 5 (4.4)

Coarctation of the aorta 4 (3.5)

Valvular heart disease 3 (2.7)

Truncus arteriosus 2 (1.8)

Cardiomyopathy 47 (41.6)

Dilated cardiomyopathy 23 (20.4)

Myocarditis 18 (15.9)

Hypertrophic cardiomyopathy 4 (3.5)

Restrictive cardiomyopathy 2 (1.8)

Arrhythmia 3 (2.6)

Rejection of transplanted heart 2 (1.8)

Class III/IV 12/101 (10.6/89.4)

Mechanical ventilation 64 (56.6)

Time interval from admission to ventilator, days 1.6 ± 4.1

ECMO 19 (16.8)

Time interval from admission to ECMO, days 8.2 ± 12.4

Heart transplantation 8 (7.1)

Survival 7 (87.5)

Mortality 17 (15.0)

Abbreviations: ECMO, extracorporeal membrane oxygenation; HF, heart fail-
ure; PICU, pediatric intensive care unit.
a Results are presented as median [interquartile] and number (%)

Sixty-four (56.6%) patients received mechanical ventila-
tory support during their PICU stay. Fifty-three out of a to-
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tal of 64 mechanically-ventilated patients received ventila-
tory support on the day of PICU admission, and the median
time from PICU admission to initiation of ventilatory sup-
port was 0 [0, 0.8] days. ECMO was the only mechanical cir-
culatory support modality in 19 (16.8%) patients. Of these,
seven patients were supported by ECMO on the day of PICU
admission, and the median time from PICU admission to
initiation of ECMO was 3 [0, 10] days. Heart transplantation
was ultimately needed in 8 patients; 7 of the recipients sur-
vived. Overall hospital mortality was 15.0% (Table 1).

High PRISM III scores and the highest VIS during the
first 24 h after PICU admission as well as elevated levels of
lactic acid, BNP, CK-MB, and troponin I were associated with
the need for mechanical ventilatory support. High PRISM
III score, reduced LVEF, elevated lactic acid, and BNP were
associated with the need for ECMO (i.e. mechanical circula-
tory support). PRISM III score and BNP were the only factors
that were associated with mortality (Table 2).

Receiver operating characteristic (ROC) curves incor-
porating the significant variables from univariate analy-
ses were generated to determine factors associated with
the need for mechanical ventilatory support. As seen in
Figure 1A, the areas under the curve (AUCs) for BNP and
PRISM III score were 0.774 and 0.740 respectively. Con-
versely, ROC analysis for identification of factors associated
with ECMO use revealed that the AUCs for BNP and LVEF
were 0.756 and 0.758 respectively (Figure 1B). The sensitiv-
ity, specificity, positive predictive value (PPV), and negative
predictive value (NPV) of BNP with a cutoff value set at 1848
pg/mL were 75.4%, 72.7%, 76.8%, and 70.5% for the need for
mechanical ventilation and 89.5%, 50.0%, 89.5%, and 47.9%
for the need for ECMO, respectively (Table 3).

4. Discussion

In this single-center retrospective study, we found that
BNP levels on PICU admission were associated with me-
chanical ventilatory and circulatory support in pediatric
patients admitted to PICU for HF. Initial BNP level was at
least similar or superior to other parameters evaluated by
ROC curve analysis in this study, providing evidence for
heart function and/or disease severity as predictors of the
need for mechanical ventilatory and circulatory support.
Additionally, initial BNP was significantly associated with
hospital mortality.

Similar to these findings showing an association be-
tween BNP and mechanical ventilatory support, Vander
Werf et al. (11) previously demonstrated that the change
in plasma BNP during the first 24 h after admission to
ICU due to traumatic injury was a predictor of the need

for mechanical ventilation. HF is affected by a shift in in-
trathoracic pressure from positive to negative, which se-
quentially leads to increased catecholamine release and in-
creased cardiac preload and afterload (12). The intratho-
racic pressure simply increases and is freed from negative
swings during mechanical ventilatory support, which fur-
ther improves cardiac function during HF. Thus, mechan-
ical ventilation can be used to alleviate the severity of HF,
and our findings suggest that BNP may be used for identifi-
cation of severe HF cases that may benefit from mechanical
ventilatory support. In our study, 52 out of 69 patients re-
ceived mechanical ventilatory support within the first 24
h of PICU admission. Thus, we assessed only the initial BNP
levels on admission unlike the study by Vander Werf et al.
(11) that analyzed changes in BNP levels during the first 24
h of admission. We found that initial BNP level might have
a prognostic value in identifying patients that require me-
chanical ventilatory support during the first day of PICU
stay.

We compared initial serum BNP level with several
parameters reflecting heart function or disease severity.
Lactic acid was one of the parameters tested, as hyper-
lactatemia was recently demonstrated to associate with
poor prognosis including mortality in patients undergo-
ing cardiac surgery (13, 14). In the present study, lactic
acid was associated with the need for mechanical ventila-
tory/circulatory support; however, the predictive value of
BNP was superior to that of lactic acid. These findings were
consistent with findings reported by Amirnovin et al. (15).
They showed that BNP was significantly associated with ad-
verse outcomes when compared with other clinical param-
eters such as vital signs monitored at bedside and lactic
acid. Additionally, only BNP showed a significant associ-
ation with mortality, whereas lactic acid did not exhibit
such an association in HF patients included in the present
study.

According to a study by Curtis et al. LEVF had a nega-
tive linear correlation with mortality in HF patients (16). In
contrast, LVEF on admission was associated with mechani-
cal circulatory support but not with mortality in the cur-
rent study. The disparity between the two studies might
be due to difference in the follow-up periods to determine
mortality rates: The follow-up was 37 months in the study
by Curtis and colleagues, whereas we only determined in-
hospital mortality. Additionally, Curtis et al. found that
the correlative changes in mortality and LVEF were limited
to only when LVEF was less than 45%. The mean LVEF val-
ues of survivors and non-survivors in this study were 44%
and 41%; neither was dramatically decreased, which may
have contributed to the minimal effect of LVEF on mortal-
ity. The pattern of association between ECMO use and LVEF
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Table 2. Comparison of Clinical Parameters Based on the Use of Mechanical Ventilation or Extracorporeal Membrane Oxygenation and Survivala

Ventilator (n = 64) No Ventilator (n = 49) P Value ECMO (n = 19) No ECMO (n = 94) P Value Survivor (n = 96) No Survivor (n = 17) P Value

Age, y 0.5 [0.2, 2.6] 0.6 [0.1, 8.3] 0.523 6.1 [0.5, 11.7] 4.7 [0.4, 8.9] 0.396 0.5 [0.2, 6.9] 0.7 [0.2, 10.8] 0.488

PRISM III score at PICU
admission

10.0 [6.0, 15.0] 6.0 [3.0, 7.8] < 0.001 13.0 [9.0, 20.0] 7.0 [4.0, 11.3] < 0.001 7.0 [4.3, 12.0] 10.0 [6.0, 16.0] 0.043

Highest VIS during first
24 hour at PICU

15.0 [7.8, 27.3] 7.8 [2.6, 15.0] < 0.001 15.0 [11.0, 27.0] 10.0 [5.0, 20.8] 0.296 10.0 [5.0, 20.0] 15.0 [9.0, 33.3] 0.174

Left ventricular ejection
fraction at admission
(%)

34.0 [20.5, 63.5] 43.0 [28.5, 67.0] 0.506 26.5 [20.0, 32.5] 49.0 [27.5, 67.0] < 0.001 40.0 [23.5, 66.5] 38.5 [19.5, 59.0] 0.678

Laboratory findings at
admission

Lactic acid
(mmol/L)

2.8 [ 1.3, 5.9] 1.6 [0.9, 2.1] < 0.001 4.2 [2.2, 5.9] 1.9 [1.1, 3.7] 0.014 2.1 [1.1, 4.0] 2.6 [1.5, 7.5] 0.205

B-type
natriuretic
peptide (pg/mL)

3786.0 [1777.0, 7814.5] 1023.5 [315.0, 2052.3] < 0.001 4158.0 [2754.0, 11472.0] 1848.5 [648.5, 4764.3] 0.021 1915.5 [694.5, 4781.0] 4700.0 [2417.5, 10487.0] 0.044

CK-MB (ng/mL) 9.8 [ 4.6, 21.5] 6.3 [1.2, 13.5] 0.011 6.2 [2.2, 54.9] 9.1 [4.2, 17.8] 0.82 8.9 [3.3, 19.7] 8.1 [6.1, 41.2] 0.278

Troponin-I
(ng/mL)

0.5 [0.1, 3.4] 0.2 [0.1, 0.8] 0.008 0.8 [0.1, 11.0] 0.4 [0.1, 1.2] 0.213 0.3 [0.1, 1.3] 0.8 [0.1, 3.9] 0.881

Creatinine
(mg/dL)

0.5 [0.3, 1.2] 0.7 [0.3, 1.1] 0.687 1.1 [0.5, 1.6] 0.9 [0.4, 1.4] 0.549 0.7 [0.3, 1.1] 0.9 [0.5, 1.4] 0.349

Abbreviations: ECMO, extracorporeal membrane oxygenation; PICU, pediatric intensive care unit; PRISM III, Pediatric Risk of Mortality III; VIS, vasoactive-inotropic score.
a Results are presented as median [interquartile].

Table 3. Specificity and Sensitivity of Brain Natriuretic Peptide with a Cutoff of 1848 Pg/Ml in Predicting the Need for Mechanical Ventilation and Extracorporeal Membrane
Oxygenation

Sensitivity Specificity PPV NPV

Mechanical ventilation 75.4 72.7 76.8 70.5

ECMO 89.5 50.0 89.5 47.9

Abbreviations: ECMO, extracorporeal membrane oxygenation; PPV, positive predictive value; NPV, negative predictive value.

was similar to its association with BNP.

BNP was previously shown to be a reliable marker in di-
agnosing HF and is widely recommended for clinical use
(17, 18). Furthermore, BNP was shown to be a strong predic-
tor of cardiac dysfunction in ICU settings (19), and a posi-
tive linear relationship between BNP on admission and in-
hospital mortality was demonstrated (20). In the current
study conducted in a PICU setting, we aimed to verify the
clinical utility of BNP on admission in assessment and pre-
diction of clinical outcomes such as the need for mechani-
cal ventilator/circulatory support.

Our study has several limitations. First, this was a
retrospective study conducted at a single medical center.
Second, there were no established protocols to determine
the use of invasive mechanical ventilatory support. Re-
cent guidelines recommend invasive mechanical ventila-
tory support in acute HF patients only after the failure
of noninvasive methods such as continuous positive air-
way pressure or noninvasive positive pressure ventilation
(21). Thus, it remains unclear whether all patients included
in the current study actually required mechanical venti-
lation. Eight of the patients received noninvasive ventila-
tory support prior to invasive mechanical ventilatory sup-
port, all of whom failed to show improvement of symp-

toms including labored respiration and diaphoresis; all pa-
tients were subsequently intubated. Additionally, eight pa-
tients were administered O2 by high-flow nasal cannula
or nasal mask. Nasal cannulae were associated with in-
tranasal mucosal bleeding and obstruction, precipitating
labored breathing (22, 23), whereas nasal masks were as-
sociated with decreased O2 delivery due to the opening of
the mouth (24, 25). Therefore, these noninvasive ventila-
tory support measures might have failed to provide effi-
cient respiratory support, leading to the need for invasive
ventilatory support. Additionally, the hospital mortality
rate, which reached 50% in adult patients requiring intu-
bation (26), was 18.8% (13/69) in this study. Future studies
are needed to determine whether noninvasive ventilation
as first-line therapy in pediatric HF patients is efficient.

Mechanical ventilation aids in alleviation of HF, and
mechanical circulatory support was recently recognized as
more than a supportive modality for the treatment of pe-
diatric HF patients who are either compromised or non-
responsive to pharmacological treatment. BNP is emerg-
ing as a promising marker for predicting the critical need
for mechanical ventilatory/circulatory support in patients
with HF.

Large-scale multicenter studies are needed to validate
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 AUC P value 95% CI 

PRISM III 0.740  <0.001 0.650– 0.830 

VIS 0.703  <0.001 0.604– 0.802 

Lactic acid 0.691  0.001  0.593– 0.789 

BNP 0.774  <0.001 0.685– 0.864 

 

Figure 1. Receiver operating characteristic curve analysis to determine the associations between mechanical ventilation use and clinical parameters. Abbreviations: BNP,
brain natriuretic peptide; CI, confidence interval; PRISM III, Pediatric Risk of Mortality III; VIS, vasoactive- inotropic score.

our findings demonstrating the utility of BNP on admis-
sion to PICU in HF patients. Further studies are warranted
to determine whether BNP levels can be incorporated into
the clinical decision making including the determination
of the mode of respiratory support (i.e., invasive or nonin-
vasive), following the establishment of standardized pro-
tocols of mechanical ventilatory support for pediatric HF
patients. In conclusion, BNP, in addition to its utility in
HF diagnosis, was also shown to be a predictor of prog-
nosis in pediatric HF patients. BNP levels on admission to
ICU were associated with the need for mechanical ventila-

tory/circulatory support as well as hospital mortality. The
predictive value of BNP on admission was at least similar
or superior to other clinical parameters predicting disease
severity.
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Figure 2. Receiver operating characteristic curve analysis to determine the associations between extracorporeal membrane oxygenation use and clinical parameters. Abbre-
viations: BNP, brain natriuretic peptide; CI, confidence interval; LVEF, left ventricular ejection fraction; PRISM III, Pediatric Risk of Mortality III.
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