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Background: N-terminal brain natriuretic peptide precursor (NT-proBNP) and brain natriuretic 
peptide (BNP) are mainly produced and secreted in the heart. In 2008, the European Heart Association 
recommended that serum BNP/NT-proBNP levels should be included in one of the diagnostic criteria of 
heart failure. Serum NT-proBNP is more stable than BNP, and the detection results are less affected by 
objective factors, so it is widely used. At present, NT-proBNP has long been beyond the scope of heart 
failure markers, and has a wide range of clinical value in the evaluation and prediction of some serious 
diseases. This study prospectively studied the predictive value of serum NT-proBNP in pediatric intensive 
care unit (PICU).
Methods: This was a prospective study involving 375 children in the PICU. The patients were divided into 
three groups: non-risk, low-risk, and high-risk groups. Serum NT-proBNP levels and the 28-day mortality 
rate were analyzed.
Results: The serum NT-proBNP levels and the mortality of the high-risk group was significantly higher 
than those of the low- and non-risk groups (P<0.01 in both cases). Receiver operating characteristic 
curve (ROC curve) analysis showed that the area under the curve was 0.705 (P<0.001, sensitivity =0.643,  
specificity =0.692). Death multivariate binary logistic regression analysis indicated that NT-proBNP was not 
an independent factor for 28-day mortality.
Conclusions: Serum NT-proBNP was significantly correlated with the severity of illness for critically 
ill patients in PICU. Although high levels of NT-proBNP indicated greater severity, this was not an 
independent risk factor affecting the prognosis of patients.
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Introduction

N-terminal brain natriuretic peptide precursor (NT-
proBNP) is an inactive fragment of the neurohormone 
brain natriuretic peptide (BNP). BNP and NT-proBNP 
are released into the peripheral serum by cardiomyocytes 
in response to stress and pressure posed on the atria and 
ventricles. NT-proBNP is a cardiac overload biomarker 
associated with the severity of cardiovascular disease (1) and 
sepsis (2), as well as long-term physical function decline 
after cardiothoracic surgery (3). With the deepening 
of research, NT-proBNP has already gone beyond the 
category of heart failure diagnostic markers, and has a wide 
range of clinical application value in other aspects. Critical 
children in pediatric intensive care unit (PICU) with higher 
levels of NT-proBNP are common. A previous study in 
adult patients showed that NT-proBNP level during the 
acute phase of sepsis was a useful indicator of the risk of 
long-term impairments in physical function and muscle 
strength in sepsis survivors (4). Most of PICU children have 
infection and cardiac insufficiency. Usually, critically ill 
children in PICU show symptoms of cardiac insufficiency. 
However, its prognostic value in PICU remains unclear. 
The purpose of this study was to investigate the predictive 
value of serum NT-proBNP level on day 1 for the severity 
and prognosis of PICU. We present the following article in 
accordance with the STARD reporting checklist (available 
at http://dx.doi.org/10.21037/tp-21-123).

Methods

Patients

Children who were hospitalized for 24 hours or more in 
the First Affiliated Hospital of Guangxi Medical University 
during the period from July 2017 to June 2018 were 
selected as research subjects. The exclusion criteria were as 
follows: (I) those who were hospitalized during the neonatal 
period and transferred to the PICU due to various factors; 
and (II) those who were discharged and re-admitted to the 
PICU for various reasons within 24 hours. According to 
the pediatric critical illness score (PCIS), the patients were 
divided into a non-risk group (score of >90), a low risk 
group (score of 70–90), and a high-risk group (score of <70).

Research methods

The age, sex, weight, body mass index (BMI), body length, 
and major disease diagnosis of the patients were collected. 

Blood samples were collected on the first day in the PICU. 
The serum NT-proBNP level (pg/mL) was detected by 
electrochemiluminescence in our laboratory, and the PCIS, 
age-adjusted Sepsis-related Organ Failure Assessment 
(SOFA) score, pediatric risk of mortality (PRISM) score, 
and the numbers of multiple organ dysfunction syndrome 
(MODS) were recorded on the same day. The prognosis 
(survival or death) of the study subjects on day 28 was 
followed up.

Statistical analysis

Statistical Product and Service Solutions (SPSS) 22.0 
software as used for data analysis. Measurement data of 
normal or approximately normal distribution are expressed 
as mean ± standard deviation (x ± s) using t-test or one-way 
analysis of variance. Non-normally distributed measurement 
data is represented by the median (quartile); i.e., M (P25–
P75), using the rank sum test. The count data is expressed 
as a rate (%) using the chi-square test. The rank correlation 
analysis method was used for correlation analysis. Using 
binary logistic regression method was used to analyze the 
multivariate risk factors for death of children in 28 days. 
P<0.05 was considered to indicate a statistically significant 
difference.

Ethics approval and consent to participate

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
the Ethics Committee of the First Affiliated Hospital of 
Guangxi Medical University and the approval number was 
2017 (KY-E-101). Informed consent was obtained from the 
parents of the patient in this study.

Results

In total, 415 children were hospitalized for 24 hours 
or more in the PICU in the First Affiliated Hospital of 
Guangxi Medical University. 375 cases were eventually 
included in this study, and 40 cases were excluded.

Comparison of general clinical data

There were 127 cases in the non-risk group, including  
71 males and 56 females. With a median age of 2.33 years 
old, a quartile age of 0.33–8.67 years old, a median weight 
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of 10 kg, a quartile weight of 5.4–21 kg, a median BMI 
of 14.49, and a quartile BMI of 13.22–16.26. There were 
150 patients in the low-risk group, including 89 males and  
61 females, with a median age of 1.38 years old, a quartile 
age of 0.5–5.37 years old, a median weight of 9.15 kg, 
a quartile weight of 6.58–16.88 kg, a median BMI of 
15.21, and a quartile BMI of 13.60–16.93. There were  
98 patients in the high-risk group, including 49 males and 
49 females, with a median age of 2.13 years, a quartile 
age of 0.5–7.5 years, a median weight of 12 kg, a quartile 

weight of 6.3–21 kg, a median BMI of 15.27, and a quartile 
BMI of 13.56–16.89. There were no significant differences 
in gender, age, body weight, and BMI among the three 
groups (P>0.05) (Table 1).

Comparison of serum NT-proBNP levels and prognosis 
among groups in critical condition

The levels of serum NT-proBNP in the three different 
critical condition groups were significantly different 
(P<0.01). The level of NT-proBNP in the high-risk group 
was significantly higher than that in the low-risk and non-
risk groups. The level of NT-proBNP in the low-risk group 
was significantly higher than that in the non-risk group 
(P<0.05) (Table 2).

Death analysis of critically ill patients in each group within 
28 days

There were six patient deaths in the non-risk group and 
the mortality rate was 4.72% (6/127). There were three 
deaths in the low-risk group and the mortality rate was 
8.67% (13/150). In high-risk group, there were 23 patient 
deaths and the mortality rate was 23.47% (23/98). The 
differences in the mortality rate between the three groups 
were statistically significant (P<0.001). The mortality of the 
high-risk group was significantly higher than that of low-
risk and non-risk groups (P<0.01), however, there was no 
notable difference in mortality between the low-risk group 
and non-risk group (P>0.05) (Table 3).

ROC curve analysis of serum NT-proBNP level and 
severity of disease

The area under the curve was 0.705, and the difference 

Table 1 Comparison of sex, age, weight, and BMI among the three groups

Group Non-risk group (n=127) Low-risk group (n=150) High-risk group (n=98) χ2/F value P

Gender, n (%) 2.095 0.351a

Male 71 (55.9) 89 (59.3) 49 (50.0)

Female 56 (44.1) 61(40.7) 49 (50.0)

Age (years) 2.33 (0.33–8.67) 1.38 (0.5–5.37) 2.13 (0.5–7.5) 0.686 0.710
b

Weight (kg) 10 (5.4–21) 9.15 (6.58–16.88) 12 (6.3–21) 0.877 0.645
b

BMI (kg/m2) 14.49 (13.22–16.26) 15.21 (13.60–16.93) 15.27 (13.56–16.89) 4.472 0.107
b

a, refers to the chi-square test; b, refers to the rank sum test of multiple independent samples.

Table 2 Comparison of NT-proBNP levels among the three groups

Group NT-proBNP, M (P25–P75)

Non-risk group 564.6 (128.3–1,863)*#

Low-risk group 722.1 (250.93–2,872.5)*

High-risk group 2,716 (687.58–18,793.75)

χ2 41.765

P <0.001a

a, the chi-square test; b, the rank sum test of two independent 
samples. Compared with the high-risk group, *P<0.001; 
compared with the low-risk group, #P=0.013.

Table 3 Comparison of mortality rate among three groups

Group
Non-survivors 

(n=42)
Survivors  
(n=333)

P

Non-risk group 6 (4.72%) 121 (95.28%) 0.196

Low-risk group 13 (8.67%) 137 (91.33%) <0.001

High risk group 23 (23.47%) 75 (76.53%) <0.001

χ2 21.156

P <0.001a
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was statistically significant (P<0.001). According to the 
curve, the critical value of serum NT-proBNP level was 
1,689 ng/mL, with a sensitivity of 0.643 and a specificity 
of 0.692 (Figure 1).

Multivariate analysis of mortality within 28 days

Multivariate binary logistic regression analysis of mortality 
was performed on serum NT-proBNP levels, PCT, PCIS, 
SOFA score, PRISM III score, mechanical ventilation time, 
and number of organs in MODS in the survival and death 
groups. The results showed that only high SOFA score 
was a risk factor for death of children in the PICU within  
28 days (P<0.01), and NT-proBNP was not an independent 

factor for 28-day mortality (Table 4).

Discussion

BNP can dilate blood vessels, inhibit vascular smooth 
muscle and myocardial fibrosis, regulate blood pressure, 
promote natriuresis, inhibit sympathetic nervous system 
activity, and antagonize the renin-angiotensin-aldosterone 
system (5). There are numerous reports indicating that 
BNP/NT-proBNP play important roles in some diseases 
(other than cardiovascular illnesses), such as judging the 
severity of the disease, evaluating the therapeutic effect, 
predicting poor prognosis, etc. (5-7). Compared with BNP, 
NT-proBNP has stronger stability, longer half-life period, 
less individual variation, is less affected by environmental 
factors, and the former does not have biological activity. 
Thus, the serum NT-proBNP level is widely used in clinical 
practice to reflect BNP levels.

NT-proBNP can be used as a serological indicator 
to assess the severity of critically ill children, and has a 
significant negative correlation with the PCIS score (8). 
This study also found that the higher the level of serum 
NT-proBNP, the lower the PCIS score, and the more 
serious the condition is. The elevation of NT-proBNP in 
critically ill children is primarily associated with increased 
secretion and metabolic disorders. NT-proBNP is mainly 
synthesized and secreted in the ventricle. Increased 
ventricular load and tension of the ventricular wall are the 
main conditions that stimulate ventricular secretion of NT-
proBNP (9).

Related reports indicate that hypoxia-ischemia, 
microcirculatory disorders, oxidative stress, and stimulation 
of pro-inflammatory factors lead to increased cardiac 
secretion of NT-proBNP (10). The only mode of removal 
of NT-proBNP is glomerular filtration, the level of which is 

Figure 1 ROC curve of serum NT-proBNP levels for predicting 
the critical degree stage of the patient. 94 mm ×132 mm (96 × 96 
DPI). NT-proBNP, N-terminal brain natriuretic peptide precursor.
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Table 4 Binary logistical regression analysis of the 28-day mortality endpoint

Index B S.E. Wald P OR 95% confidence interval

NT-proBNP 0.000 0.000 0.109 0.741 1.000 1.000–1.000

PCT −0.005 0.007 0.620 0.431 0.995 0.981–1.008

Mechanical ventilation time 0.000 0.001 0.077 0.782 1.000 0.998–1.002

PCIS score −0.013 0.035 0.138 0.710 0.987 0.921–1.057

PRISM III score 0.068 0.036 3.663 0.056 1.071 0.998–1.148

SOFA score 0.233 0.084 7.721 0.005 1.263 1.071–1.489

Number of MODS 0.323 0.282 1.304 0.253 1.381 0.794–2.402
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mainly affected by renal function (11), and is not affected by 
the natriuretic peptide receptor. Some studies also found that 
elevated serum NT-proBNP in hyponatremia is caused by 
craniocerebral diseases, such as infection and bleeding (12).  
The present study found that the mortality rate of the 
critically ill group was significantly higher than that of low-
risk and non-risk groups, suggesting that the PICS score is 
related to the mortality rate. Zhang et al. and other studies 
also found that the PICS score can better predict the 
mortality of critically ill children (8).

In addition, the area under the ROC curve of NT-
proBNP and the critically ill condition was 0.705, 
suggesting that it has a good effect on the judgment of 
extremely critical illness. However, with a critical value of 
1,689 ng/mL, its specificity and sensitivity were normal, 
which was considered to be related to the large number of 
diseases mentioned in this paper.

In this paper, it was shown that serum NT-proBNP levels 
were significantly positively correlated with inflammatory 
markers [C-reactive protein (CRP), Procalcitonin (PCT)], 
suggesting that serum NT-proBNP levels are associated 
with inflammatory factors. BNP has anti-inflammatory 
and anti-fibrotic effects. The pro-inflammatory response 
in the bodies of patients with sepsis and the toxicity of the 
pathogen to the heart increases the secretion of BNP/NT-
proBNP, while the rejection of NT-proBNP is severely 
blocked in septic shock, and its level is often high.

This study also showed that serum NT-proBNP was 
significantly positively correlated with SOFA scores, and 
studies have found that SOFA scores have a high clinical 
value in predicting mortality (13,14), suggesting that 
serum NT-proBNP may be helpful in assess prognosis. 
Furthermore, serum NT-proBNP levels, mechanical 
ventilation time, SOFA score, PRISM III score, and 
MODS were found to be significantly higher in the death 
group than in the survival group, and the PCIS score was 
significantly lower in the death group than the survival 
group. These six indicators maintain a certain degree of 
value to predict 28-day mortality and the prognosis of 
children.

The multivariate binary logistic regression of mortality 
showed that only high SOFA score was a risk factor for 
mortality of PICU children within 28 days. However, 
whether NT-proBNP can be used as a predictor of 28-day 
prognosis requires dynamic monitoring of NT-proBNP 
levels and supporting evidence from larger samples. 
Previous studies have shown that serum NT-proBNP can 
assist in the diagnosis of sepsis, and can also assess the 

condition and prognosis (15).
However, this study failed to dynamically monitor serum 

NT-proBNP levels, and therefore, the prognosis prediction 
of children in the PICU could not be comprehensively 
determined. In future, thorough study of the level of serum 
NT-proBNP is needed in order to determine the predictive 
value of serum NT-proBNP more fully.

Conclusions

In conclusion, serum NT-proBNP is associated with a 
critical condition in patients. High levels of serum NT-
proBNP suggest that the child’s condition is severe, which 
is useful in predicting the severity of PICU children, 
however it is not an independent risk factor for prognosis. 
Considering that this is a single-center study, and there is no 
study on the impact of serum NT-proBNP level changes on 
the condition and prognosis of children, and the numbers 
of patients included in the research was relatively small, 
more large-scale clinical research is required to validate the 
conclusions of this study.
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