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Background: To determine the B-type natriuretic peptide (BNP) level in pediatric septic patients, and to investigate

its association with cardiovascular dysfunction and clinical outcome.

Methods: Pediatric patients with sepsis or septic shock were prospectively enrolled in our pediatric intensive care

unit (PICU). On day 1 of admission, plasma BNP levels were measured at the time-point of echocardiography.

Myocardial dysfunction was defined as left ventricular fractional shortening (FS) < 30%. Inotropic support was

quantified by inotropic scores and disease severity was assessed by Pediatric Risk of Mortality (PRISM) III scores.

Therafter, associations between BNP levels and clinical parameters were analyzed.

Results: There were 94 patients (mean: 5.6 yr, range: 2 mo-17 yr) that were consecutively enrolled in this study. The

median BNP level was 127 pg/ml (range: 5 to 4950 pg/ml). BNP levels were correlated with PRISM III (rho = 0.36, p =

0.001) and C-reactive protein level (r = 0.39, p = 0.001). The median BNP levels were not only higher in patients with

septic shock (n = 34) than those with sepsis (n = 58) (213 vs. 54 pg/ml, p = 0.0004), but also higher in patients with

myocardial dysfunction (n = 18) than those with preserved myocardial function (n = 66) (765 vs. 65 pg/ml, p <

0.001). We also found that BNP levels correlated negatively with FS (r = -0.56, p < 0.001) and positively with

inotropic scores (r = 0.34, p = 0.04). Most importantly, the median BNP levels were higher in non-survivors (n = 13)

than survivors (n = 81) (367 vs. 106 pg/ml, p = 0.003).

Conclusions: BNP levels are elevated in pediatric septic patients early in the disease course, and increased levels

are associated with cardiovascular dysfunction and worse clinical outcome.
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INTRODUCTION

Sepsis, defined as the systemic inflammatory re-

sponse syndrome that occurs during infection,
1

is a

common cause of morbidity and mortality in children.
2

Sepsis can proceed uncontrollably into septic shock, re-

sulting in dysfunction of multiple organs, including the

brain, kidney, liver, and the cardiovascular system. It has

been found in adult septic patients where dysfunction

of the cardiovascular system is associated with a signifi-

cantly increased mortality rate of 70-90%, compared

with 20% for those patients without cardiovascular im-

pairment.
3

Even though the exact mechanisms are not

fully understood, sepsis-induced myocardial depression

is a well-described phenomenon, which was observed

within 2-3 days after the onset of sepsis, characterized

by a marked deterioration of left ventricular ejection

fraction.
4,5

In children, sepsis can manifest with complex hemo-
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dynamic responses, including myocardial dysfunction,

vasomotor dysfunction or a combination of both.
6

In ad-

dition, it has been found that younger children are more

likely to have alterations primarily in cardiac function

whereas older children are more likely to have alter-

ations in peripheral vascular tone.
7,8

Given the varied

nature of cardiac and vasomotor perturbation, timely

identification and management of myocardial dysfunc-

tion in pediatric patients with sepsis is important but

challenging.

There are several factors impeding timely recogni-

tion of sepsis-induced myocardial dysfunction in pediat-

ric patients in current clinical settings. First, sympathetic

activation observed in early sepsis stimulates the myo-

cardium inotropically and chronotropically, and poten-

tially masks myocardial depression. Second, thorough

assessment of cardiac performance is often evaluated

after initiation of hemodynamic support, including fluid

resuscitations and inotropes. Third, the value of the

Swan-Ganz catheter to evaluate myocardial performance

has been doubted after emerging evidence showed a

poor correlation between cardiac function evaluated by

echocardiography,
9,10

where such invasive monitoring is

often not possible in younger children owing to size

limitations. Finally, even though echocardiography is an

established modality to evaluate cardiac function, its

widespread use is limited due to lack of 24-hr availabil-

ity of a bedside ultrasound and an experienced pediatric

cardiologist in some PICUs. Therefore, an objective bio-

marker reflecting the cardiac function in septic children

can be beneficial in the management of this life-threat-

ening illness.

B-type natriuretic peptide (BNP), a 32 amino acid

polypeptide hormone produced by cardiac ventricles in

response to myocyte stretch, with diuretic, natriuretic

and vasoactive properties,
11-13

has been widely used as

a diagnostic tool for congestive heart failure.
14,15

In pedi-

atric patients with congenital heart disease, we have

previously shown the role for BNP as a biomarker for di-

agnosis, prognostication, and management.
16-18

Given

that cardiac dysfunction may develop in the context of

sepsis, there is emerging evidence suggesting that BNP

level is elevated in adult patients with sepsis and has

prognostic implications.
19-22

Unfortunately, substantially

less data are available on its role in the intensive care of

septic children.

In this pilot study, we hypothesized that elevated

BNP levels would be associated with worse clinical out-

come in a cohort of pediatric patients with sepsis and

septic shock. Therefore, the objectives of this study

were: (1) to determine BNP levels in infants and children

with sepsis and septic shock, and (2) to investigate asso-

ciations between BNP levels and cardiac function and

clinical outcome.

METHODS

Patient population

A prospective cohort study enrolling consecutive

children with sepsis or septic shock was conducted in

the pediatric intensive care unit (PICU) at Kaohsiung

Medical University Hospital. The Institutional Review

Board at Kaohsiung Medical University Hospital ap-

proved this study (KMUH-IRB-970407) and informed pa-

rental consent was obtained for all participants.

Diagnosis of sepsis and septic shock was made ac-

cording to the criteria defined by the International Pedi-

atric Sepsis Consensus Conference.
23

Using these con-

sensus criteria, sepsis was defined as the systemic re-

sponse to infection manifested by two or more of the

following conditions as the result of suspected or con-

firmed infection: 1) temperature of > 38 �C or < 36 �C, 2)

heart rate of > 90th percentile for age, 3) respiratory

rate of > 90th percentile for age, apnea for > 15 seconds

or mechanical ventilation, and 4) a white blood cell

count of > 12,000 cells/mm
3

or < 4000 cells/mm
3

or the

presence of > 10% bands. Septic shock was defined as

sepsis with evidence of cardiovascular dysfunction. Car-

diovascular dysfunction was defined as persistent hypo-

tension, need for vasoactive drug to maintain blood

pressure or perfusion abnormalities despite adequate

fluid resuscitation (> 40 mL/kg within one hour). Exam-

ples of perfusion abnormalities include lactic acidosis,

decreased peripheral pulses, mottled or cool extremi-

ties, prolonged capillary refill, oliguria (urine output < 1

mL/kg/hr), or an acute alteration in mental status. For

this study, patients with septic shock were required to

be receiving at least one vasoactive agent at the time of

enrollment.

Patients were excluded if they were less than two

weeks old or over 18 years of age upon admission, had
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clinical or echocardiographic evidence of pre-existing

heart diseases, including congenital heart defects, car-

diomyopathy, myocarditis, pericarditis, endocarditis,

Kawasaki’s disease, cardiopulmonary resuscitation (car-

dioversion or defibrillation) within the previous 30 days

or those who were with extracorporeal life support at

admission.

Study protocol

Within 24 hrs after admission, after initial manage-

ment for hemodynamic stabilization including fluid re-

suscitation and inotrope support, patients were classi-

fied as sepsis or septic shock. After consent was ob-

tained, blood for BNP determinations was collected and

echocardiograms were performed at the same time

point. Echocardiographic studies were performed using

a Phillips SONOS 7500 echocardiographic scanner (Phil-

lips, Andover, MA, USA). All echocardiographic studies

were performed by the same pediatric cardiologist to

avoid inter-observer variability. He was also blinded to

the BNP level during the study period. The echocar-

diogram was used to exclude previously undiagnosed

cardiac defects and evaluate systolic function. Standard

measures of left ventricular systolic function defined as

fractional shortening (FS) calculated by standard M

mode in the parasternal long-axis view.
24

A FS < 30% was

considered myocardial dysfunction.
25

In addition to

echocardiography, myocardial dysfunction was evalu-

ated by the amount of maximal inotropic support within

24 hrs after admission. Inotrope support was quantified

by a score adapted from Wernovsky et al.
26

This tech-

nique uses inotrope requirement as an indirect index of

cardiac dysfunction and has been used in our previous

study and other investigations.
18,27,28

The score was cal-

culated from the level of inotropic support the patients

were receiving (in mcg/kg/min), according to the follow-

ing equation: dopamine + dobutamine + [(epinephrine +

norepinephrine) � 100] + (milrinone � 20).

The management strategy for all of these patients

followed standard institutional practices. The medical

teams involved in the management of the patients were

blinded to the BNP values.

Sample and data collection

Blood samples were obtained from patients within 24

hrs after admission. BNP levels were determined by the

same method as we previously described.
17

In brief, the

samples were placed in EDTA tubes, and centrifuged at

3000 rpm for 15 minutes at 4 �C. Separated plasma was

stored at minus 70 �C. For BNP determinations, the plasma

was thawed to room temperature and BNP levels were

measured using a commercially available fluorescence

immunoassay (Triage
�

Meter Plus, Biosite
�

Diagnostics,

San Diego, CA, USA). The measurable range of BNP on this

device is between 5 to 5000 pg/ml, and the estimated

coefficient of variation for the assay is 9.2-11.4%.

Clinical data were collected from patient medical re-

cords by an observer blinded to the BNP data and in-

cluded in a relational access database. Clinical data in-

cluded: age, weight, gender, intensive care unit (ICU)

stay, primary source of infection, culture results, medi-

cations administered, white blood cell count and plasma

level of C-reactive protein (CRP), and the presence of

inotropic support. Severity of illness was measured us-

ing the adjusted Pediatric Risk of Mortality (PRISM) III

score for the first day of ICU admission.
29

All patients in-

cluded in the analysis were followed-up until discharge

from the PICU or death.

Data analysis

Descriptive statistics were computed for each of the

variables, including means, medians, standard devia-

tions, ranges and interquartile ranges. Values were ex-

pressed as mean � standard deviation or median (range)

depending on the presence of normal distribution.

Spearman’s correlations were used to examine the asso-

ciation between each pair of continuous measures. Dif-

ferences in the continuous variables between groups

were tested with the Student’s t-test or the Mann Whit-

ney U-test. A significance level of 0.05 was used for all

statistical tests. Statistical analyses were performed

with the use of Stata 6.0 (Stata Corp, College Station,

Texas, USA), and graphs created with the use of Prism

6.0 (GraphPad Software, Inc, San Diego, California, USA).

Multivariate analysis was performed using JMP software

version 9.00 (SAS Institute, Cary, NC, USA).

RESULTS

Patient characteristics

A total of 94 patients were enrolled in our study,
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and patient characteristics for the entire cohort are

shown in Table 1. The mean age was 5.6 (range 0.1-17)

years. There were 36 (39%) patients diagnosed with sep-

sis and 58 (61%) patients diagnosed with septic shock.

At day 1, the mean WBC count was 12005/�L and the

mean CRP level was 138 mg/L (normal range: < 5 mg/L).

The mean FS was 34.3%, with 18 patients (19%) with

myocardial dysfunction (FS < 30%) and 76 patients (81%)

without myocardial dysfunction (FS � 30%).

The mortality rate in this cohort was 14% (n = 13).

The comparisons of characteristics of survivors and

non-survivors are shown in the Table 2. As shown in this

table, there were no significant differences of age,

weight, gender, mean arterial pressure, heart rate, FS

and laboratory data including white blood cell (WBC),

CRP, blood urea nitrogen (BUN) and creatinine. How-

ever, there was a significant difference of disease sever-

ity and need of inotropic support at day 1 as defined by

PRISM III and inotrope score, respectively.

High BNP levels are associated with increased disease

severity and worse clinical outcome

The BNP levels at day 1 ranged from 5-4950 pg/ml

with a median value of 127 pg/ml. We found that BNP

levels were positively correlated with PRISM III score

calculated at day 1 (Spearman’s rho = 0.36, p = 0.001)

(Figure 1A). In addition, BNP levels were positively cor-

related with serum CRP levels (Spearman’s rho = 0.39, p

= 0.001) (Figure 1B), which is an important indicator of

systemic inflammation. More importantly, we found

BNP levels were higher in non-survivors than survivors

[median (range): 367 (53-4,950) pg/ml vs. 106 (5-3,979)

pg/ml, p = 0.003] (Figure 2). Of note, since PRISM III

score and inotropic score are also significantly higher in

non-survivors (Table 2), we did multivariate analysis to

further evaluate the independent effects of BNP, PRISM

III score and inotropic score on the mortality of children
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Table 1. Characteristics of pediatric patients with sepsis and

septic shock

Patient number 94

Age, year 5.6 � 4.8

Weight, kg 21.3 � 16.0

Male, n (%) 43 (46%)

PRISM III score 6.7 � 6.7

Classifications of patients

Sepsis, n (%) 58 (61%)

Septic shock, n (%) 36 (39%)

Fractional shortening, % 34.3 � 5.3%

WBC, �L
-1

12,005 � 8,680

CRP level, mg/L 138 � 122

Primary sites of infection

Lung, n (%) 54 (58%)

Urinary tract, n (%) 13 (14%)

Abdominal, n (%) 8 (9%)

Blood, n (%) 6 (6%)

Catheter-related, n (%) 5 (5%)

Soft tissue, n (%) 5 (5%)

Central nervous system, n (%) 3 (3%)

PICU mortality, n (%) 13 (14%)

CRP, C-reactive protein; PICU, pediatric intensive care unit;

PRISM, pediatric risk of mortality; WBC, white blood cell.

Table 2. Comparisons of baseline characteristics between non-survivors and survivors

Non-survivor Survivor p

Patient number 13 81

Age, year 6.4 � 0.4 5.5 � 0.5 0.41

Weight, kg 24.7 � 12.5 20.6 � 16.4 0.08

Male, n (%) 7 (54%) 36 (44%) 0.56

PRISM III 11.0 � 7.40 5.9 � 6.4 0.01

WBC, �L
-1

10,548 � 9,3820 12,223 � 8,6120 0.53

CRP, mg/L 150 � 112 137 � 124 0.71

Inotropic score 12.7 � 18.0 4.2 � 6.7 00.002

Fractional shortening, % 34 � 90 35 � 50 0.53

Mean arterial pressure, mmHg 71 � 23 73 � 13 0.76

Heart rate, min
-1

133 � 150 125 � 260 0.32

Blood urea nitrogen 14.9 � 3.30 17.3 � 2.50 0.70

Creatinine 0.46 � 0.30 0.59 � 0.38 0.26

CRP, C-reactive protein; PRISM, pediatric risk of mortality; WBC, white blood cell.



with sepsis. We found that only the PRISM III score re-

mained significantly associated with mortality (p = 0.041,

odds ratio = 1.087, 95% CI = 1.003-1.178).

High BNP levels are associated with cardiac

dysfunction

In patients with myocardial dysfunction (FS < 30%),

the BNP levels were higher than those with preserved

myocardial function (FS � 30%) [765 (84-4,950) pg/ml

vs. 65 (5-2,001) pg/ml, p < 0.001] (Figure 3A). Likewise,

the BNP levels were significantly higher in patients with

septic shock than those with sepsis [213 (11-4,950)

pg/ml vs. 54 (5-2,001) pg/ml, p = 0.0004] (Figure 3B).

We further analyzed the correlation between BNP

level and myocardial function. We found that BNP levels

were negatively correlated with left ventricular FS (Spe-

arman’s rho = -0.56, p < 0.001) (Figure 4A) and posi-

tively correlated with inotropic scores (Spearman’s rho =

0.34, p = 0.04) (Figure 4B). To further analyze subgroups

of patients with sepsis and septic shock, we found that

BNP levels were negatively correlated with left ventricu-

lar FS within both subgroups (Spearman’s rho = -0.52, p

< 0.01 in sepsis and Spearman’s rho = -0.36, p = 0.02 in

septic shock).

BNP levels were similar between the primary sites

of infection. BNP levels were not correlated with age,

gender, WBC count, BUN and creatinine.

DISCUSSION

In this cohort of children with sepsis and septic

shock, elevated BNP levels were associated with cardiac

dysfunction and worse clinical outcome. Specifically, we

found that BNP levels obtained during the first day of

diagnosis were inversely correlated with the left ven-

tricular systolic function determined by echocardio-

graphy. In addition, we found that BNP levels were posi-

tively correlated with degree of disease severity and re-

quired inotropic support. Furthermore, BNP levels were

higher in patients with septic shock, myocardial depres-

sion and in non-survivors. Taken together, these data in-

dicate that cardiac function may impact outcome ad-

versely in this septic children, and that BNP levels early

in the disease course may provide useful prognostic in-

formation. To our knowledge, the present study is the
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Figure 1. Scatter plots showing the relationship between BNP levels

and PRISM III scores (A) and CRP (B). Higher BNP levels were associated

with higher PRISM III and CRP. Abbreviations are in Table 1; BNP, B-type

natriuretic peptide.

Figure 2. Box plots showing the relationship of BNP to PICU mortality.

BNP levels were higher in non-survivors. Boxes show the interquartile

range with the midline indicating the median level. I-bars represent the

highest and lowest values. Abbreviations are in Table 1; BNP, B-type

natriuretic peptide.

A

B



first to examine associations between BNP and clinical

outcomes in a pediatric cohort with sepsis and septic

shock.

The exact mechanism of elevation of BNP in sepsis is

not fully understood; however, we assume two possible

explanations as observed in our study. First, we specu-

late that myocardial depression plays a major role to in-

duce BNP elevations, since our results are consistent

with previous studies in septic adults showing the asso-

ciation between BNP levels and cardiac index measured

by Swan-Ganz catheters or left ventricular myocardial

dysfunction assessed with echocardiography.
21,22

Se-

cond, growing evidence suggests that BNP may also re-

flect the degree of inflammation. Recent in vitro studies

demonstrated that pro-inflammatory cytokines and

lipopolysaccharides can stimulate gene expression and

secretion of BNP by cardiomyocytes,
30,31

indicating that

severe infection and inflammation may stimulate BNP

generation by myocardium independent of hemody-

namic changes. In the present study, we found the cor-

relation between BNP levels and CRP, which may partly

accounts for elevated BNP levels in some patients with

sepsis but without myocardial depression. Nevertheless,

irrespective of the cause for its elevation, our results in-

dicate that BNP may have a role as a predictor of mortal-

ity for septic children.

Other biological markers have been used to detect

myocardial dysfunction in sepsis. The N-terminal pro-

BNP, the inactive by-product of BNP production with

similar utility as a biomarker in cardiac diseases, has

also been found elevated in patients with sepsis. How-

ever, we believe that BNP levels may be better suited to

follow dynamic alterations in myocardial performance

given the shorter circulating half-life of BNP compared

to NT-proBNP (20 minutes vs. 60-120 minutes).
32

In ad-

dition, NT-proBNP is excreted by the kidney,
33

while BNP

is degraded by endocytosis through the trans-mem-

brane natriuretic peptide receptor C (NPR-C) in many

tissues, or cleaved by neutral endopeptidases found in

vascular cells and renal tubules.
34

Thus renal function,
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Figure 3. Box plots showing the relationship of BNP to presence of

shock (A) and cardiac dysfunction (B). BNP levels were higher in patients

with septic shock, and those with cardiac dysfunction. Boxes show the

interquartile range with the midline indicating the median level. I-bars

represent the highest and lowest values. BNP, B-type natriuretic peptide.

Figure 4. Scatter plots showing the relationship between FS (A) and

inotropic scores (B). Higher BNP levels were associated with lower FS

and higher inotropic scores. N= 36 in B because inotropes were only

administered in patients with septic shock. BNP, B-type natriuretic

peptide; FS, fractional shortening.

A

B

A

B



which is often impaired by sepsis, has a greater influ-

ence on NT-proBNP levels than BNP levels. Indeed, the

BNP level was not correlated with renal function in the

present study. Recently, another biomarker troponin I

has also been shown correlated with cardiac function

and disease severity in children with septic shock.
35

However, since troponin is released after injury or death

of cardiomyocytes, we speculate that BNP can reflects

myocardial stress rather than direct cellular injury and

would reveal myocardial dysfunction earlier than tro-

ponin I.

Our results are in line with recent studies examin-

ing BNP in adults with sepsis. Charpentier et al.
22

re-

ported that BNP was elevated in septic adults and

found that BNP measured on day 1 was significantly

higher in those patients with myocardial dysfunction

when compared to those patients without cardiac com-

promise. Kandil et al.
20

also demonstrated that in adults,

the admission BNP levels were correlated with disease

severity assessed by SOFA score and were higher in

those with septic shock than those with sepsis. Fur-

thermore, Post et al.
19

found that in adults with septic

shock, elevated BNP levels in days 3 and 5 were associ-

ated with cardiac dysfunction and mortality. To our

knowledge, there has been only one pediatric report

investigating the BNP levels in sepsis.
36

In this study, 13

children with septic shock, 12 healthy controls and 5

PICU controls were enrolled, and Domico et al.
36

found

that admission BNP levels were higher in children with

septic shock than healthy and PICU controls [median:

115 pg/mL (range: 26-2,960) vs. 9 pg/mL (5-30) and 10

pg/mL (5-30)]. The BNP levels were also correlated

with PRISM III score and FS. However, there was no as-

sociation between mortality and BNP levels found due

to small sample size (2 non-survivors), and no patients

with sepsis only (without shock) were included. Thus,

to our knowledge, the present study is the first to re-

port different BNP levels not only between survivors

and non-survivors, but also between septic shock and

sepsis in children. Such information would be helpful in

risk stratification and identification of those potentially

requiring inotropic support in septic children in the

setting of critical care.

There are several limitations of this pilot study. We

only measured BNP levels and performed echocardio-

graphy at day 1, while myocardial dysfunction or changes

of BNP levels may develop later in the clinical course

and may add more prognostic information as shown in

some adult studies.
19,22

We also did not perform more

sophisticated echocardiographic analysis, such as wall

stress to assess preload-independent systolic function

or tissue Doppler to evaluate diastolic function. In ad-

dition, in the present study we could not rule out the

possibility that BNP levels and myocardial function

could be affected by fluid challenges and use of ino-

tropes during initial management of sepsis. However,

all our patients were studied while in stable conditions

after aggressive resuscitations to minimize these con-

founding effects. Finally, as shown in the multivariate

analysis that PRISM III score was the only independent

risk factor of mortality, we believe that BNP cannot re-

place risk-stratification scale like PRISM III score de-

rived from multi-organ system, but it may serve as a

supplemental point-of-care biomarker promptly re-

flecting cardiovascular status with its unique advan-

tage of short half-life (20 minutes).

Although this pilot study did not include BNP levels

from a healthy group of children, several studies have

documented BNP levels at different ages in normal sub-

jects.
37,38

In these studies, mean BNP levels were ap-

proximately 10 pg/ml in children > 2 weeks of age, sig-

nificantly lower than the median level of 127 pg/ml for

septic children in our study. However, it is unlikely that

the primary utility of BNP levels will be in distinguish-

ing normal patients from those with critically septic pa-

tients in PICU, but rather from identifying patients who

might benefit from increased cardiac support. In addi-

tion, we found that in children with sepsis, there was a

wide range of BNP levels (median: 54 pg/ml; range:

5-2,001 pg/ml), which were negatively correlated with

left ventricular FS. Although this subgroup of patients

did not require inotropic support in our study, these el-

evations could reflect subtle or transient myocardial

depression in early sepsis. These data imply that inten-

sivists may consider elevated BNP level as a reminder

for further echocardiographic evaluation in children

with sepsis.

In conclusion, we found BNP levels are elevated in

pediatric patients with sepsis and septic shock early in

the disease course, and increased levels are associated

with a greater severity of illness, cardiac dysfunction

and mortality. These data indicate BNP can be an impor-
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tant tool in patient risk stratification. Further studies are

warranted to determine whether use of BNP for tar-

geted therapy by optimizing cardiac support can im-

prove outcomes in these critically ill children.
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