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Summary

Objectives—To determine B-type natriuretic peptide (BNP) levels in infants and children with 

acute lung injury (ALI), and to investigate associations between BNP levels and clinical outcome.

Design—Prospective observational study.

Subjects—After informed consent, plasma was collected from 48 pediatric patients on day 1 of 

ALI.

Methodology—Plasma BNP levels were measured by immunoassay on day 1 of ALI in 48 

pediatric patients. Associations between BNP levels and outcome were determined.

Results—The mean PaO2/FiO2 at the onset of ALI was 155 (±74) and BNP values ranged from 

5 to 2,060 pg/ml with a mean of 109 (±311). BNP levels were inversely correlated with ventilator-

free days (Spearman rho −0.30, P =0.04), and positively correlated with exhaled tidal volume 

(Spearman rho 0.44, P =0.02). BNP levels were higher in patients receiving inotropic support (n 

=12) than patients not receiving inotropic support (n =33, P =0.02). BNP levels were correlated 

with PRISM III scores (Spearman rho 0.55, P <0.001) and PELOD scores (Spearman rho 0.4, P 

=0.006). Mortality for the cohort was 15%. BNP levels were higher in non-survivors (n =7) than 

survivors (n =41, P =0.055).

Conclusions—BNP levels are elevated in children with ALI/ARDS early in the disease course, 

and increased levels are associated with worse clinical outcome.

Keywords

pediatric acute lung injury (ALI); acute respiratory distress syndrome (ARDS); B-type natriuretic 
peptide (BNP); mechanical ventilation; mortality; biological markers

© 2009 Wiley-Liss, Inc.
*Correspondence to: Heidi Flori, MD, Children’s Hospital and Research Center Oakland, Pediatric Intensive Care, 747, 52nd Street, 
Oakland, CA 94609. hflori@mail.cho.org. 

HHS Public Access
Author manuscript
Pediatr Pulmonol. Author manuscript; available in PMC 2015 May 11.

Published in final edited form as:
Pediatr Pulmonol. 2009 November ; 44(11): 1118–1124. doi:10.1002/ppul.21111.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



INTRODUCTION

Acute lung injury (ALI0) and the acute respiratory distress syndrome (ARDS) cause 

significant morbidity and mortality in children.1 Multi-system organ dysfunction develops 

often, indicating that the pathophysiology of ALI/ARDS is not limited to the lungs.1,2 Our 

recent study found that in addition to the initial severity of oxygenation defect, the existence 

of non-pulmonary and non-central nervous system (CNS) organ dysfunction, and CNS 

dysfunction independently predicted mortality in a large cohort of children with ALI/

ARDS.1 Although the precise mechanisms of disease are incompletely understood, several 

lines of evidence support a potential role for cardiopulmonary interactions in the 

pathophysiology. For example, increased pulmonary artery pressure and pulmonary dead-

space fraction were associated with worse clinical outcome in studies of adults and children. 

Further, low tidal volume ventilation, that would tend to reduce right ventricular afterload 

compared to high tidal volumes, improved outcome in adult patients with ALI/ARDS.3–5 \

Given these data, subsets of pediatric patients with ALI/ ARDS may suffer from impaired 

cardiac performance, owing to adverse cardiopulmonary interactions. However, direct 

measurements of hemodynamic indices such as cardiac output and pulmonary artery 

pressure are often not possible in these patients, owing to size limitations and a lack of 

evidence that supports such invasive monitoring. Thus, novel biomarkers of cardiac 

performance in the setting of pediatric ALI/ARDS may be beneficial. B-type natriuretic 

peptide (BNP) is a 32 amino acid polypeptide hormone produced by the cardiac ventricles in 

response to myocyte stretch, with diuretic, natriuretic and vasoactive properties, which is 

used as a biomarker for the management of cardiac disease in both adult and pediatric 

patients.6–8 BNP measurements were useful in distinguishing between cardiac and 

pulmonary etiologies in several studies of adult and pediatric patients with acute respiratory 

failure.9–14 However, whether BNP is altered in pediatric patients with ALI/ARDS has not 

been studied.

In this pilot study, we hypothesized that elevated BNP levels would be associated with 

worse clinical outcome in a cohort of pediatric patients with ALI/ARDS. Therefore, the 

objectives of this study were: (1) to determine BNP levels in infants and children with ALI/

ARDS, and (2) to investigate associations between BNP levels and clinical outcome.

MATERIALS AND METHODS

A prospective cohort study enrolling children with ALI was conducted on the Pediatric 

Intensive Care Unit (PICU) at the Children’s Hospital and Research Center Oakland 

between August 2002 and January 2005. Written informed consent was obtained from the 

patients’ parents or guardians prior to enrollment in the study. The Institutional Review 

Board at Children’s Hospital and Research Center Oakland approved this study. Blood 

samples were available from all patients for analysis of BNP levels. In addition, blood 

samples were available from an additional six patients enrolled in the previous Prone 

Positioning in Pediatric Acute Lung Injury Study, which had identical enrollment criteria.15 

Thus, in order to increase the sample size, these patients were included in the analysis. The 

Institutional Review Boards at Children’s Hospital and Research Center Oakland and the 
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centers enrolling patients in the Prone Positioning in Pediatric Acute Lung Injury Study 

approved the study of these patients.

Patients were eligible if they met the 1994 American European Consensus Committee 

definition of ALI (partial pressure of oxygen (PaO2) to fraction of inspired oxygen (FiO2) 

ratio <300, with acute onset of bilateral infiltrates on chest radiograph, and no evidence of 

left atrial hypertension). Patients were excluded if they were <36 weeks corrected 

gestational age or more than 18 years of age at the onset of ALI, had evidence of left atrial 

hypertension either clinically or by echocardiogram, or had echocardiographic evidence of 

intracardiac shunt.

All patients had at least one arterial blood gas supporting the PaO2/FiO2 <300 requirement. 

Arterial blood gases were obtained as a part of standard patient care except for six patients 

who were also enrolled in the Prone Positioning in Pediatric ALI trial.15 Per study protocol, 

these patients had additional blood drawn specifically for research purposes. Patients 

received echocardiograms at the discretion of the intensive care team based on clinical need. 

All echocardiograms were interpreted by attending cardiologists on staff at each institution 

who were blinded to the study. Patients with evidence of moderate to severe left ventricular 

dysfunction and/or left atrial hypertension based on independent attending cardiologist 

interpretation were excluded from the study. Radiographic interpretation was confirmed by 

independent readings from attending radiologists at each institution who were blinded to the 

study. For patients who were not mechanically ventilated, the FiO2 was calculated according 

to the American Association of Respiratory Care guidelines.16 The medical management 

followed standard institutional practices. An on service team, blinded to the BNP values, 

made all patient management decisions.

Sample and Data Collection

A group of 48 patients with ALI/ARDS had plasma samples drawn or discarded plasma 

retrieved from the laboratory at their respective institutions within the first 24 hr of ALI. 

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® Diagnostic, San Diego, CA). The 

measurable range of BNP on this device is between 5 and 5,000 pg/ml. The estimated 

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

Clinical data were collected from the medical record by an observer blinded to the BNP data 

and included in a relational Access database. Clinical data included the presence of inotropic 

support, the need for mechanical ventilation, peak inspiratory pressure, peak end expiratory 

pressure, exhaled tidal volume, central venous pressures, and arterial blood gas values. 

Severity of illness was measured using the adjusted Pediatric Risk of Mortality (PRISM) III 

scores and multi-system organ failure was measured using Pediatric Logistic Organ 

Dysfunction (PELOD) scores for the first day of ICU admission.17–19
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Outcome Measures

The primary outcome measure was the number of ventilator-free days, defined as the 

number of days the patient was alive and not mechanically ventilated in the 28 days after 

onset of ALI. The secondary outcome was mortality in the PICU.

Data Analysis

Descriptive statistics were computed for each of the variables, including means, medians, 

standard deviations, and interquartile ranges. Correlations were used to examine the 

association between each pair of continuous measures. To compare differences between any 

two groups the non-parametric Mann–Whitney test was applied. 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) and graphs created with the use of Prism 4.0 

(GraphPad Software, Inc., San Diego, CA).

RESULTS

A total of 48 patients were enrolled. Patient characteristics for the entire cohort are shown in 

Table 1. The median age was 4.2 (range 0–18) years. The primary diagnoses associated with 

ALI were pneumonia 21 (44%), aspiration 4 (8%), trauma 6 (11%), cardiac disease 4 (8%), 

sepsis 3 (6%), and other 10 (19%). The diagnoses of the four patients with cardiac disease 

were: transposition of the great arteries, Tetralogy of Fallot, supracardiac total anomalous 

pulmonary venous return, and atrial and ventricular septal defect. All of the patients met 

criteria for enrollment after complete surgical repair, and none had residual intracardiac 

shunts.

The mean PaO2/FiO2 at the onset of ALI was 155 ± 74. All patients were treated with lung 

protective ventilation strategies (mean exhaled tidal volume 7.4 ±2.7 cc/kg). There were 

three (6%) patients who did not require tracheal intubation and mechanical ventilation at the 

time that they met criteria for ALI. Of these, one received supplemental oxygen by mask and 

two by nasal cannula. BNP levels were not different between patients receiving (n =45) and 

not receiving (n =3) mechanical ventilation at the onset of ALI. The medical team obtained 

an echocardiogram on four patients on the initial day of ALI.

BNP values ranged from 5 to 2,060 with a mean value of 109 ±311. Mean ventilator-free 

days for the cohort were 18 ±9.5. BNP levels were inversely correlated with ventilator-free 

days (Spearman rho −0.30, P =0.04), and positively correlated with exhaled tidal volume 

(Spearman rho 0.44, P =0.02, Fig. 1). There was no correlation between BNP levels and 

peak inspiratory pressures, peak end expiratory pressures, or the PaO2/FiO2 ratios. There 

was no correlation between BNP levels and central venous pressure (17 observations). 

Mortality for the cohort was 15%. BNP levels were higher in non-survivors (n =7) than 

survivors (n =41, P =0.055, Fig. 2).

In addition, BNP levels were higher in patients receiving inotropic support (n =12) than 

patients not receiving inotropic support (n =33, P =0.02, Fig. 3). BNP levels were correlated 

with PRISM III scores (Spearman rho 0.55, P <0.001, Fig. 4A) and PELOD scores 

(Spearman rho 0.4, P =0.006, Fig. 4B) calculated on the first day of admission to the ICU.
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BNP levels were similar between the primary diagnoses of pneumonia, aspiration, trauma, 

and cardiac disease. Since BNP levels have been reported to increase in children after 

cardiac surgery with cardiopulmonary bypass we further analyzed the cohort with the four 

cardiac patients excluded. The relationship of BNP to all of the clinical outcomes was the 

same whether the cardiac patients were included or excluded from the analysis. Further, 

BNP levels were not different between patients with cardiac disease as compared to the 

remainder of the cohort (data not shown). BNP levels in patients with sepsis (n =3) were 

higher than patients without sepsis (n =45, P <0.001). In addition, BNP levels were higher in 

patients with indirect lung injury (sepsis, trauma, cardiac disease, other, n =27) than patients 

with direct lung injury (pneumonia, aspiration, near drowning, n =20, rho =0.39, P <0.01). 

BNP levels were not correlated with age, gender, pH, BUN, creatinine, or arterial blood gas 

values.

DISCUSSION

In this cohort of children with ALI/ARDS, elevated BNP levels early in the disease course 

were associated with worse clinical outcome. Specifically, we found that BNP levels 

obtained during the first day of diagnosis were correlated with the duration of mechanical 

ventilation. In addition, we found that BNP levels were correlated with tidal volumes while 

on mechanical ventilation, an indication of volutrauma, the degree of organ dysfunction as 

measured by PELOD score, and severity of illness, as measured by PRISM III score. As 

expected, elevated BNP levels also correlated with the need for inotropic support, and there 

was a suggestion of a correlation with mortality. As increased ventricular myocyte stretch is 

the primary stimulus for BNP release, the data from this pilot study suggest that altered 

cardiopulmonary interactions leading to increased ventricular volume or pressure may 

influence outcome in subsets of pediatric patients with ALI/ARDS.

The rationale for studying BNP in pediatric ALI is based upon the notion that abnormal 

cardiopulmonary interactions may accompany ALI/ARDS in a manner that relates to disease 

severity. The pathophysiology of ALI/ ARDS involves injury to both the alveolar epithelium 

and pulmonary vascular endothelium.2 Injury to the vascular endothelium can result in 

diffuse vascular obstruction, owing to intravascular thrombi, segmental atelectasis, and/or 

increased hypoxic pulmonary vasoconstriction with resultant metabolic and respiratory 

acidosis.2,20 In fact, impaired pulmonary blood flow can progress to pulmonary 

hypertension and right ventricular failure.2,20–22 In a cohort of 23 children with ALI, Katz et 

al.4 found that pulmonary artery pressures, pulmonary vascular resistance, and 

intrapulmonary shunt fractions were higher in non-survivors than in survivors. In a large 

cohort of adult patients with ARDS, Nuckton et al.5 reported that the pulmonary dead-space 

fraction, an indication of dysregulated coagulation and pulmonary intravascular thrombosis, 

was an independent predictor of death. Therefore, we hypothesized that BNP levels would 

be elevated in children with ALI/ARDS, and that BNP levels would be associated with 

outcome.

We speculated that BNP levels would relate to outcome through the identification of a 

subset of patients with unfavorable cardiopulmonary interactions. However, one major 

limitation of this study was that we could not interrogate patients’ cardiac function 
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prospectively with diagnostic modalities, such as echocardiography or pulmonary artery 

catheterization. In addition, only a small number of patients had echocardiograms performed 

within the first 24 hr of ALI. Thus, the present data are not sufficient to prove a causal link 

between cardiac function and outcome in this cohort, nor are they sufficient to identify the 

particular hemodynamic abnormality linking BNP levels with the severity of ALI/ARDS. 

Despite this limitation, several recent studies of BNP in infants and children with cardiac 

disease found that BNP levels were more sensitive predictors of outcome than 

echocardiography or cardiac catheterisation.23–25 Thus, there is some evidence in pediatric 

patients indicating that BNP levels may capture impaired cardiac function in a manner not 

detected by other diagnostic modalities.

Interpretations of the present results must consider a recent large clinical trial in adult 

patients with ALI/ARDS that found no benefit to management guided by pulmonary artery 

catheters as compared to central venous catheters.26 Interestingly, a recent study in adult 

patients with ALI found that BNP levels did not correlate reliably with measured pulmonary 

artery occlusion pressures.14 Therefore, it is possible that BNP levels reflect cardiac function 

and/or cardiopulmonary interactions differently than measured cardiac index and pulmonary 

artery occlusion pressure. Furthermore, generalization from adult to pediatric populations 

may be inaccurate, particularly with respect to cardiopulmonary hemodynamics.

Limited studies have examined BNP levels in adult patients with ALI/ARDS.9–11,14 Mitaka 

et al.10 reported BNP levels above normal that were positively correlated with systemic and 

pulmonary vascular resistance, and negatively correlated with cardiac index in 10 patients 

with ALI. Three larger studies, demonstrated that low BNP levels were specific for ALI/

ARDS, whereas high BNP levels were specific for cardiogenic pulmonary edema in adults 

presenting with acute hypoxemic respiratory failure.9,11,14 In the largest of the studies, BNP 

levels were associated with in-hospital mortality irrespective of the final diagnosis.11 In 

addition, recent studies found that BNP levels were useful in predicting successful weaning 

from mechanical ventilation in adult patients with ALI, which supports the importance of 

cardiopulmonary interactions.27,28 However, to our knowledge the present study is the first 

to examine associations between BNP and clinical outcomes in a pediatric cohort with ALI/

ARDS.

Another limitation of this study is that we did not measure BNP levels from a healthy group 

of children. However, several studies have documented BNP levels at different ages in 

normal subjects.29,30 In these studies, mean BNP levels were highest at birth falling to ~10 

pg/ ml in children >2 weeks of age, clearly lower than the mean of 109 pg/ml for children 

with ALI/ARDS in our study.29,30 Our study did include three patients <28 days of age. 

BNP levels were not different between patients less than and greater than 28 days of age (P 

=0.96), and there was no correlation between age and BNP levels.

BNP levels were measured at only one point in the present study. In addition, the present 

pilot study did not have a sufficient sample size to establish clear cut-off values to predict 

the various clinical endpoints. Thus, a larger prospective study is necessary in order to 

establish the prognostic value of a single BNP level in a given patient. Indeed, it would be 
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useful in future investigations to measure BNP levels over time in ALI patients in order to 

track the correlation of BNP with clinical improvement or deterioration.

In the present study, BNP levels were highest in patients with sepsis associated ALI/ARDS. 

This finding is consistent with other studies that reported markedly elevated BNP and NT-

BNP levels in patients with sepsis, including children.31–34 Importantly, the associations 

with outcome for the cohort remained significant when these patients were removed from 

the analysis (data not shown). Furthermore, BNP levels were higher in patients with indirect 

lung injury compared to patients with direct lung injury, which included pneumonia, 

aspiration, and near drowning. While the data do not provide the mechanisms responsible 

for this difference, it is interesting to speculate that indirect lung injury is accompanied by 

more global organ dysfunction, including cardiac involvement that results in increased BNP 

levels.

The results of this study add to a growing literature on biological markers for prognosis in 

ALI/ARDS. A recent study found that elevated plasma von Willebrand factor antigen levels 

predicted mortality and prolonged mechanical ventilation in children with ALI/ARDS.35 

Other biomarkers with potential value include intercellular adhesion molecule-1, 

inflammatory cytokines such as interleukin-1 and -8, as well as markers involved in 

coagulation and fibrinolysis, such as protein C, plasminogen-activation inhibitor-1, and 

procollagen peptide III.15,36–44 In fact, a combination of several biomarkers with other 

clinical predictors may prove to have superior prognostic value compared to single 

indicators. However, we believe that BNP is unique since it is so directly related to cardiac 

function and has a relatively short half-life, qualities that may permit the use of BNP for 

targeted therapy.

CONCLUSIONS

In this pilot study, BNP levels were elevated in children with ALI/ARDS early in the disease 

course, and were associated with worse clinical outcome. We believe that these data warrant 

a larger prospective study to confirm these findings, ultimately in order to determine 

whether point-of-care BNP measurements might allow clinicians to identify and treat 

patients particularly affected by adverse cardiopulmonary interactions.

Acknowledgments

This research was supported in part by grants, K23 RR15543 (to H.F.), K08 HL086513 (to P.E.O.), HL61284 (to 
J.R.F.), and UL RR024131-01 from the National Center for Research Resources (NCRR), all from the National 
Institutes of Health, and from the Foundation Leducq (to J.R.F.), and Biosite Diagnostic (to J.R.F.). J.H.H. was 
supported in part by the Department of Pediatrics, Kaohsiung Medical University Hospital, Taiwan.

References

1. Flori HR, Glidden DV, Rutherford GW, Matthay MA. Pediatric acute lung injury: prospective 
evaluation of risk factors associated with mortality. Am J Respir Crit Care Med. 2005; 171:995–
1001. [PubMed: 15618461] 

2. Ware LB, Matthay MA. The acute respiratory distress syndrome. N Engl J Med. 2000; 342:1334–
1349. [PubMed: 10793167] 

Reel et al. Page 7

Pediatr Pulmonol. Author manuscript; available in PMC 2015 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. The Acute Respiratory Distress Syndrome Network. Ventilation with lower tidal volumes as 
compared with traditional tidal volumes for acute lung injury and the acute respiratory distress 
syndrome. N Engl J Med. 2000; 342:1301–1308. [PubMed: 10793162] 

4. Katz R, Pollack M, Spady D. Cardiopulmonary abnormalities in severe acute respiratory failure. J 
Pediatr. 1984; 104:357–364. [PubMed: 6707790] 

5. Nuckton TJ, Alonso JA, Kallet RH, Daniel BM, Pittet JF, Eisner MD, Matthay MA. Pulmonary 
dead-space fraction as a risk factor for death in the acute respiratory distress syndrome. N Engl J 
Med. 2002; 346:1281–1286. [PubMed: 11973365] 

6. Costello JM, Goodman DM, Green TP. A review of the natriuretic hormone system’s diagnostic and 
therapeutic potential in critically ill children. Pediatr Crit Care Med. 2006; 7:308–318. [PubMed: 
16760825] 

7. Silver MA, Maisel A, Yancy CW, McCullough PA, Burnett JC Jr, Francis GS, Mehra MR, Peacock 
WFt, Fonarow G, Gibler WB, Morrow DA, Hollander J. BNP Consensus Panel 2004: a clinical 
approach for the diagnostic, prognostic, screening, treatment monitoring, and therapeutic roles of 
natriuretic peptides in cardiovascular diseases. Congest Heart Fail. 2004; 10:1–30.

8. Sudoh T, Kangawa K, Minamino N, Matsuo H. A new natriuretic peptide in porcine brain. Nature. 
1988; 332:78–81. [PubMed: 2964562] 

9. Rana R, Vlahakis NE, Daniels CE, Jaffe AS, Klee GG, Hubmayr RD, Gajic O. B-type natriuretic 
peptide in the assessment of acute lung injury and cardiogenic pulmonary edema. Crit Care Med. 
2006; 34:1941–1946. [PubMed: 16691132] 

10. Mitaka C, Hirata Y, Nagura T, Tsunoda Y, Itoh M, Amaha K. Increased plasma concentrations of 
brain natriuretic peptide in patients with acute lung injury. J Crit Care. 1997; 12:66–71. [PubMed: 
9165414] 

11. Karmpaliotis D, Kirtane AJ, Ruisi CP, Polonsky T, Malhotra A, Talmor D, Kosmidou I, Jarolim P, 
de Lemos JA, Sabatine MS, Gibson CM, Morrow D. Diagnostic and prognostic utility of brain 
natriuretic peptide in subjects admitted to the ICU with hypoxic respiratory failure due to 
noncardiogenic and cardiogenic pulmonary edema. Chest. 2007; 131:964–971. [PubMed: 
17426196] 

12. Reynolds EW, Ellington JG, Vranicar M, Bada HS. Brain-type natriuretic peptide in the diagnosis 
and management of persistent pulmonary hypertension of the newborn. Pediatrics. 2004; 
114:1297–1304. [PubMed: 15520111] 

13. Cohen S, Springer C, Avital A, Perles Z, Rein AJ, Argaman Z, Nir A. Amino-terminal pro-brain-
type natriuretic peptide: heart or lung disease in pediatric respiratory distress? Pediatrics. 2005; 
115:1347–1350. [PubMed: 15867046] 

14. Levitt JE, Vinayak AG, Gehlbach BK, Pohlman A, Van Cleve W, Hall JB, Kress JP. Diagnostic 
utility of B-type natriuretic peptide in critically ill patients with pulmonary edema: a prospective 
cohort study. Crit Care (London, England). 2008; 12:R3.

15. Curley MA, Hibberd PL, Fineman LD, Wypij D, Shih MC, Thompson JE, Grant MJ, Barr FE, 
Cvijanovich NZ, Sorce L, Luckett PM, Matthay MA, Arnold JH. Effect of prone positioning on 
clinical outcomes in children with acute lung injury: a randomized controlled trial. JAMA. 2005; 
294:229–237. [PubMed: 16014597] 

16. Kacmarek R. Methods of oxygen delivery in the hospital. Prob Respir Care. 1990; 3:563–574.

17. Pollack MM, Patel KM, Ruttimann UE. PRISM III: an updated pediatric risk of mortality score. 
Crit Care Med. 1996; 24:743–752. [PubMed: 8706448] 

18. Leteurtre S, Duhamel A, Grandbastien B, Lacroix J, Leclerc F. Paediatric logistic organ 
dysfunction (PELOD) score. Lancet. 2006; 367:897. author reply 900–892. [PubMed: 16546531] 

19. Leteurtre S, Martinot A, Duhamel A, Proulx F, Grandbastien B, Cotting J, Gottesman R, Joffe A, 
Pfenninger J, Hubert P, Lacroix J, Leclerc F. Validation of the paediatric logistic organ 
dysfunction (PELOD) score: prospective, observational, multi-centre study. Lancet. 2003; 
362:192–197. [PubMed: 12885479] 

20. Tomashefski JF Jr, Davies P, Boggis C, Greene R, Zapol WM, Reid LM. The pulmonary vascular 
lesions of the adult respiratory distress syndrome. Am J Pathol. 1983; 112:112–126. [PubMed: 
6859225] 

Reel et al. Page 8

Pediatr Pulmonol. Author manuscript; available in PMC 2015 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



21. Zapol WM, Snider MT. Pulmonary hypertension in severe acute respiratory failure. N Engl J Med. 
1977; 296:476–480. [PubMed: 834225] 

22. Sibbald WJ, Driedger AA, Myers ML, Short AI, Wells GA. Biventricular function in the adult 
respiratory distress syndrome. Chest. 1983; 84:126–134. [PubMed: 6347544] 

23. Price JF, Thomas AK, Grenier M, Eidem BW, O’Brian Smith E, Denfield SW, Towbin JA, Dreyer 
WJ. B-type natriuretic peptide predicts adverse cardiovascular events in pediatric outpatients with 
chronic left ventricular systolic dysfunction. Circulation. 2006; 114:1063–1069. [PubMed: 
16940194] 

24. Chikovani O, Hsu JH, Keller R, Karl TR, Azakie A, Adatia I, Oishi P, Fineman JR. B-type 
natriuretic peptide levels predict outcomes for children on extracorporeal life support after cardiac 
surgery. J Thorac Cardiovasc Surg. 2007; 134:1179–1187. [PubMed: 17976447] 

25. Hsu JH, Oishi PE, Keller RL, Chikovani O, Karl TR, Azakie A, Adatia I, Fineman JR. 
Perioperative B-type natriuretic peptide levels predict outcome after bidirectional cavopulmonary 
anastomosis and total cavopulmonary connection. J Thorac Cardiovasc Surg. 2008; 135:746–753. 
[PubMed: 18374751] 

26. Wheeler AP, Bernard GR, Thompson BT, Schoenfeld D, Wiedemann HP, deBoisblanc B, Connors 
AF Jr, Hite RD, Harabin AL. Pulmonary-artery versus central venous catheter to guide treatment 
of acute lung injury. N Engl J Med. 2006; 354:2213–2224. [PubMed: 16714768] 

27. Mekontso-Dessap A, de Prost N, Girou E, Braconnier F, Lemaire F, Brun-Buisson C, Brochard L. 
B-type natriuretic peptide and weaning from mechanical ventilation. Intensive Care Med. 2006; 
32:1529–1536. [PubMed: 16941172] 

28. Chien JY, Lin MS, Huang YC, Chien YF, Yu CJ, Yang PC. Changes in B-type natriuretic peptide 
improve weaning outcome predicted by spontaneous breathing trial. Crit Care Med. 2008; 
36:1421–1426. [PubMed: 18434901] 

29. Koch A, Singer H. Normal values of B type natriuretic peptide in infants, children, and 
adolescents. Heart. 2003; 89:875–878. [PubMed: 12860862] 

30. Yoshibayashi M, Kamiya T, Saito Y, Nakao K, Nishioka K, Temma S, Itoh H, Shirakami G, 
Matsuo H. Plasma brain natriuretic peptide concentrations in healthy children from birth to 
adolescence: marked and rapid increase after birth. Eur J Endocrinol. 1995; 133:207–209. 
[PubMed: 7655645] 

31. Fried I, Bar-Oz B, Algur N, Fried E, Gavri S, Yatsiv I, Perles Z, Rein AJ, Zonis Z, Bass R, Nir A. 
Comparison of N-terminal proB-type natriuretic peptide levels in critically ill children with sepsis 
versus acute left ventricular dysfunction. Pediatrics. 2006; 118:e1165–e1168. [PubMed: 
16966393] 

32. Kandil E, Burack J, Sawas A, Bibawy H, Schwartzman A, Zenilman ME, Bluth MH. B-type 
natriuretic peptide: a biomarker for the diagnosis and risk stratification of patients with septic 
shock. Arch Surg. 2008; 143:242–246. discussion 246. [PubMed: 18347270] 

33. McLean AS, Huang SJ, Hyams S, Poh G, Nalos M, Pandit R, Balik M, Tang B, Seppelt I. 
Prognostic values of B-type natriuretic peptide in severe sepsis and septic shock. Crit Care Med. 
2007; 35:1019–1026. [PubMed: 17334249] 

34. Rivers EP, McCord J, Otero R, Jacobsen G, Loomba M. Clinical utility of B-type natriuretic 
peptide in early severe sepsis and septic shock. J Intensive Care Med. 2007; 22:363–373. 
[PubMed: 18051697] 

35. Flori HR, Ware LB, Milet M, Matthay MA. Early elevation of plasma von Willebrand factor 
antigen in pediatric acute lung injury is associated with an increased risk of death and prolonged 
mechanical ventilation. Pediatr Crit Care Med. 2007; 8:96–101. [PubMed: 17273112] 

36. Flori HR, Ware LB, Glidden D, Matthay MA. Early elevation of plasma soluble intercellular 
adhesion molecule-1 in pediatric acute lung injury identifies patients at increased risk of death and 
prolonged mechanical ventilation. Pediatr Crit Care Med. 2003; 4:315–321. [PubMed: 12831413] 

37. Parsons PE, Eisner MD, Thompson BT, Matthay MA, Ancukiewicz M, Bernard GR, Wheeler AP. 
Lower tidal volume ventilation and plasma cytokine markers of inflammation in patients with 
acute lung injury. Crit Care Med. 2005; 33:1–6. discussion 230–232. [PubMed: 15644641] 

38. Sheth SB, Carvalho AC. Protein S and C alterations in acutely ill patients. Am J Hematol. 1991; 
36:14–19. [PubMed: 1824609] 

Reel et al. Page 9

Pediatr Pulmonol. Author manuscript; available in PMC 2015 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



39. Gando S, Kameue T, Nanzaki S, Hayakawa T, Nakanishi Y. Increased neutrophil elastase, 
persistent intravascular coagulation, and decreased fibrinolytic activity in patients with 
posttraumatic acute respiratory distress syndrome. J Trauma. 1997; 42:1068–1072. [PubMed: 
9210543] 

40. Idell S, Koenig KB, Fair DS, Martin TR, McLarty J, Maunder RJ. Serial abnormalities of fibrin 
turnover in evolving adult respiratory distress syndrome. Am J Physiol. 1991; 261:L240–L248. 
[PubMed: 1928357] 

41. Chesnutt AN, Matthay MA, Tibayan FA, Clark JG. Early detection of type III procollagen peptide 
in acute lung injury. Pathogenetic and prognostic significance. Am J Respir Crit Care Med. 1997; 
156:840–845. [PubMed: 9310002] 

42. Meduri GU, Tolley EA, Chinn A, Stentz F, Postlethwaite A. Procollagen types I and III 
aminoterminal propeptide levels during acute respiratory distress syndrome and in response to 
methylprednisolone treatment. Am J Respir Crit Care Med. 1998; 158:1432–1441. [PubMed: 
9817690] 

43. Pugin J, Verghese G, Widmer MC, Matthay MA. The alveolar space is the site of intense 
inflammatory and profibrotic reactions in the early phase of acute respiratory distress syndrome. 
Crit Care Med. 1999; 27:304–312. [PubMed: 10075054] 

44. Cepkova M, Brady S, Sapru A, Matthay MA, Church G. Biological markers of lung injury before 
and after the institution of positive pressure ventilation in patients with acute lung injury. Crit Care 
(London, England). 2006; 10:R126.

Reel et al. Page 10

Pediatr Pulmonol. Author manuscript; available in PMC 2015 May 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 1. 
Scatter plot showing the relationship between BNP levels and exhaled tidal volume. Higher 

BNP levels were associated with higher exhaled tidal volumes.
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Fig. 2. 
Box plots showing the relationship of BNP to 28-day mortality. Boxes represent 25th to 75th 

percentile range, with the midline indicating the median; I-bars represent the highest and 

lowest values.
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Fig. 3. 
Box plots showing the relationship of BNP to the need for inotropic support. BNP levels 

were higher in patients who required inotropic support. Boxes represent 25th to 75th 

percentile range, with the midline indicating the median; I-bars represent the highest and 

lowest values.
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Fig. 4. 
Scatter plots showing the relationship between BNP levels and PRISM III scores (A) and 

PELOD scores (B). Higher BNP levels were associated with higher PRISM III and PELOD 

scores.
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TABLE 1

Characteristics of Pediatric Patients With ALI

No. Admissions with ALI 48

Median age, years (range) 4.2 (0–18)

Male, n (%) 22 (46%)

Ethnicities, n (%)

 Caucasian 21 (44%)

 African American 8 (17%)

 Hispanic/Latino 13 (27%)

 Asian 4 (8%)

 Other 2 (4%)

PaO2/FIO2 at ALI onset, mean ± SD 155 ±74

Peak inspiratory pressure, cmH2O, mean ± SD 28.1 ±9.4

Peak end expiratory pressure, cmH2O, mean ± SD 6.5 ±2.8

Adjusted exhaled tidal volume, cc/kg, mean ±SD 7.4 ±2.7

Need for inotropic support 12 (24%)

PRISM III score, mean ±SD 7.2 ±7.1

PELOD score, mean ±SD 8 ±7.7

Ventilator-free day, mean ±SD 18.4 ±9.5

PICU mortality 7 (15%)
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