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ABSTRACT  

Aim: To evaluate predictors of morbidity and mortality in pediatric patients with PH, 

laboratory and echocardiographic measures of pulmonary hypertension were analyzed. 

Methods: Retrospective review of all infants and children <2 years of age with PH from 

January 2011 to August 2016 was conducted. Correlations were determined using 

Spearman’s rank correlation coefficients. Differences in characteristics between survivors 

and non-survivors were analyzed and Kaplan-Meier survival curves were generated.  

Results: Of 56 patients, majority were extremely premature; of African-American 

ethnicity; and had bronchopulmonary dysplasia. Patients who died were more likely to 

have underlying congenital heart disease; have a higher increase in pCO2 with a 

corresponding greater mean percentage decrease in pH and percentage rise in NT-pro 

BNP during PH exacerbations; more likely to have been on pulmonary hypertension 

medications; and have a higher RVSP/SBP (%) ratio and S/D ratio. There were positive 

correlations between percentage rise in NT-pro BNP and pCO2; NT-pro BNP and 

RVSP/SBP (%) ratio; and RVSP/SBP (%) ratio and S/D ratio. 

Conclusions: Infants and young children with pulmonary hypertension have increased 

morbidity and mortality. NT-pro BNP is a useful biomarker for both respiratory 

exacerbations and mortality, and RVSP/SBP (%) ratio and S/D ratio are 

echocardiographic identifiers for increased mortality.  

Keywords: pulmonary hypertension; morbidity, mortality; NT-pro BNP; pCO2 
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Introduction 

Brain natriuretic peptide (BNP) is an amino acid that is secreted in response to volume or 

pressure overload to the ventricles in the heart. (1, 2) BNP counteracts the renin 

angiotensin system and causes diuresis, natriuresis and systemic (arterial and venous) 

vasodilatation. (3) This in turn relieves the pressure and volume load to the ventricles. 

Both BNP and its precursor N terminal – pro BNP (NT-pro BNP) have been used 

extensively in the adult population to identify patients with myocardial dysfunction (2, 4), 

and to gauge response to anti-congestive treatment (5) and overall outcomes. 

    Since BNP has a shorter half-life (~20 minutes) compared to NT-pro BNP (~1-2 hours) 

(6), NT-pro BNP may reflect more consistent concentrations in order to evaluate 

pressure/volume overload to the ventricles. These cardiac biomarkers have been used in 

children as well and have correlated with ventricular dysfunction and mortality in patients 

with heart failure. (1, 7) Moreover, they have been used to predict low cardiac output 

syndrome (LCOS), and post-operative mortality in patients undergoing cardiac surgery.   

    At birth, the values of both BNP and NT-pro BNP rise and then decline in early 

infancy.(8) It has been found that NT-pro BNP levels are higher in neonates with a 

hemodynamically significant patent ductus arteriosus (PDA) (9), bronchopulmonary 

dysplasia (BPD) (10) and persistent pulmonary hypertension (PH) of the newborn.(11) 

     The purpose of this study was to evaluate predictors of inpatient morbidity and 

mortality in infants and young children with PH requiring hospitalization. Over the last 

several years, author RDR observed a trend for an increase in NT-pro BNP 

concentrations with exacerbations in respiratory status in children with pulmonary 

hypertension (Figures 1a-1c). The hypothesis generated from these observations was that 
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there is a correlation between acute rises in pCO2 as a surrogate for an exacerbation of 

respiratory status (as in acute worsening of PH, new atelectasis, pneumonia, 

pneumothorax or pleural effusion) and NT-pro BNP concentrations. Therefore, the aim of 

this study was to assess the relationship between laboratory and echocardiographic 

measures of pulmonary hypertension and respiratory status as indicated by changes in 

PCO2 and pH and to assess these variables for predictors of mortality. 

 

Methods 

Study population 

The electronic database was queried to identify all infants and children <2 years from 

January 1st 2011 to August 31st 2016 who were hospitalized in the neonatal or pediatric 

intensive care unit with a diagnosis of pulmonary hypertension. A detailed chart review 

was conducted to obtain demographic data [age, sex, ethnicity]; clinical information 

[height, weight, body surface area (BSA), underlying diagnosis, systolic blood pressure, 

total hospital length of stay, history of intubation, duration of intubation, history of 

tracheostomy, history of extracorporeal membrane oxygenation (ECMO) use, discharge 

mortality status] and medication history (use of sildenafil, milrinone, nitric oxide). 

Patients ≥2 years of age; those with incomplete documentation on review of medical 

records or incomplete echocardiographic information were excluded from the study. 

Approval of the study and waiver of consent were obtained from the Wayne State 

University Institutional Review Board and Children’s Hospital of Michigan.  

Laboratory data  
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All NT-pro BNP values that were collected were included for analysis. These were 

obtained at the discretion of the physician caring for the child or at the request of the PH 

consultant. To avoid using isolated laboratory values which might not reflect true trends, 

we collected 48-hour (24 hours before and after NT-pro BNP collection) pH and pCO2 

values, to correlate with respiratory status around the times of NT-pro BNP sampling. 

The lowest values, highest values and 48-hour averages of pH and pCO2 were 

subsequently calculated. The percentage change in NT-pro BNP value during PH 

exacerbation was calculated. Also, percentage changes in pCO2 and pH were calculated 

during the time NT-pro BNP was collected to capture acute changes in respiratory status. 

Echocardiography data 

Transthoracic two-dimensional and Doppler echocardiographic studies were performed 

using a Philips Sono IE 33 machine (Philips Inc Andover, MA). Only studies completed 

within 72 hours of the NT-pro BNP collection were included for analysis to achieve best 

possible correlation with echocardiographic parameters. A single pediatric cardiologist, 

who was blinded with respect to respiratory status, laboratory results and the patients’ 

prior echocardiogram reports and diagnoses, retrospectively reviewed all 

echocardiograms. Echocardiographic 2 dimensional apical views were used to assess 

right ventricular (RV) size as described by prior studies. (12, 13) In the presence of 

tricuspid regurgitation (TR) and absence of right ventricular outflow tract obstruction, 

apical or parasternal long axis views were used to estimate systolic pulmonary artery 

pressure using modified Bernoulli’s equation. (14) The highest estimate of velocity 

obtained was used for the study. RV systolic function was assessed by utilizing Tricuspid 
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annular plane systolic excursion (TAPSE) (15) and systolic to diastolic time (S/D) ratio 

was evaluated from the TR jet using method described previously. (16, 17) 

 

Statistical analysis 

Descriptive statistics were calculated using mean and 95% confidence intervals or 

medians and interquartile ranges for continuous variables and percentages for categorical 

variables. Patients in our study were divided into two groups – survivors (Group 1) and 

non-survivors (Group 2). Student’s t-test was used for normally distributed numeric 

variables in the intergroup analysis, Mann-Whitney U test was used for non-normally 

distributed numeric variables, and chi-square test was used for categorical variables in the 

intergroup analysis. Correlations between various laboratory (NT-pro BNP, pCO2) and 

echocardiographic parameters [RVSP/SBP (%) ratio, S/D ratio] were determined using 

Spearman’s rank correlation coefficients. ROC curves were constructed for four variables 

[Highest NT-pro BNP value (pg/ml); % change in NT-pro BNP value; RVSP/SBP ratio 

(%); and S/D ratio], and cut-offs with highest sensitivity and specificity identified. 

Subsequent Kaplan-Meier analysis with log-rank test was utilized to analyze patient 

survival for these variables. A p value of < 0.05 was considered statistically significant. 

Statistical analysis was performed using SPSS Version 24.0 (IBM Inc., Chicago, IL). 

 

Results 

Baseline characteristics 

Of 151 charts reviewed, 56 met inclusion criteria (80 were > 2 years of age, 10 with 

missing laboratory values, 5 with echocardiograms not obtained within 72 hours of the 
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laboratory values). The majority of the patients were extremely premature (<28 weeks 

gestation) at birth (28/56, 50%); of African American ethnicity (37/56, 66.1%), and there 

was an equal gender distribution in the study group. (Table 1) The most common 

underlying diagnosis was bronchopulmonary dysplasia (35/56, 62.5%) followed by 

congenital heart disease (4/56, 7.1%). In the patients with PH, various forms of support 

were needed – intubation and mechanical ventilation (49/56, 87.5%); tracheostomy 

(23/56, 41.1%); sildenafil (42/56, 75%); milrinone (23/56, 41.1%); nitric oxide (32/56, 

57%); and ECMO (4/56, 7%). The right ventricular systolic pressure was severely 

increased in 21/56 (37.5%) of the population. Of the 56 patients in the study, 9 (16.1%) 

patients died.  

Comparing pediatric patients with pulmonary hypertension who survived (Group 1) vs. 

non-survivors (Group 2). 

There was no difference between the 2 groups with regards to gestational age at birth, 

height, weight, body surface area or ethnicity (Table 2). Although females with PH had a 

higher likelihood of dying (77.8 vs. 44.7%), this did not achieve statistical significance. 

There was higher mortality in patients with PH who had congenital heart disease 

compared to those with structurally normal hearts (33.1 vs. 2.1%, p=0.01). The difference 

in percentage rise in NT-pro BNP during an acute fall in pH was significantly higher in 

Group 2 (U=35, Z-score -3.02, p <0.01). Moreover, the patients who died had 

significantly higher mean percentage decrease in pH and higher increase in pCO2 during 

an exacerbation in respiratory status (14 ± 32 vs. 2.5 ± 2.1, p=0.01; 406 ± 247 vs. 208 ± 

150, p<0.05). Patients who died were more likely to have been on pulmonary 
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hypertension medications – sildenafil (100 vs. 70.2%, p<0.05), milrinone (77.8 vs. 34%, 

p<0.05) and nitric oxide (88.9 vs. 51.1%, p < 0.05).  

Echocardiographic evaluation revealed that patients who died had a significantly higher 

RVSP/SBP (%) ratio (76 ± 37 vs. 46 ± 43, p=0.05) and S/D ratio (2.2 ± 0.9 vs. 1.6 ± 0.4, 

p< 0.01). Moreover, these Group 2 patients were more likely to have right to left or 

bidirectional shunting compared to Group 1 (p < 0.05).   

ROC curves and Survival analysis 

ROC curve analysis identified the following optimal cut-off points: highest NT-pro BNP 

value (pg/ml) - 8915; % change in NT-pro BNP value during PH exacerbation-  1291; 

RVSP/SBP (%) ratio- 64; S/D ratio- 1.7.  

    Patients with NT-pro BNP values > 8915 pg/ml had worse survival compared to 

patients with NT-pro BNP values ≤ 8915 pg/ml [13 (8.5-17.5) vs. 20.3(17.9-22.6) months, 

p=0.01]. (Figure 2) Patients with increase in NT-pro BNP values during pH exacerbation 

of ≥1291% tended to have worse survival compared to patients with a change <1291% 

(p=0.12). (Figure 3) Also, patients with RVSP/SBP (%) ratio ≥ 64 tended to have worse 

survival compared to patients with RVSP/SBP (%) ratio <64 [16.1 (12.2-20) vs. 18.6 

(15.2-22.1) months, p=0.38]. (Figure 4) In addition, those with S/D ratio > 1.7 had worse 

survival compared to patients with S/D ratio ≤ 1.7 [13.4(9.3-17.6) vs. 21.5(19.9-23.1) 

months, p < 0.01]. (Figure 5) 

       There was a significant positive correlation between percentage rise in NT-pro BNP 

and percentage rise in pCO2 during exacerbations in respiratory status (r=0.40, p=0.01). 

There was a similar correlation between NT-pro BNP value and RVSP/SBP (%) ratio 

(r=0.44, p ≤0.01); and RVSP/SBP ratio and S/D ratio (r=0.42, p <0.01).  
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Discussion 

    With the growing number of extremely premature births surviving the neonatal period, 

there has been a steady increase in long-term survivors with chronic lung disease such as 

BPD. (18, 19) This increased incidence of BPD is secondary to prolonged mechanical 

ventilation required by the severe prematurity due to respiratory distress syndrome and 

deficient surfactant levels.  The effect of this is chronic barotrauma, frequent pneumonias 

and other respiratory complications in these extremely premature infants. In this study, 

half of the population was extremely premature who are at higher risk for developing 

pulmonary hypertension secondary to BPD. (20, 21) 

      Children with PH have increased morbidity and mortality compared to those without 

PH. (22, 23) Of 56 children with PH in this study, most required some support to help 

them through the acute phase of PH exacerbation in the form of mechanical ventilation 

and pulmonary vasodilator medication. The patients who were on these types of support 

were more likely to die, particularly those who required milrinone and inhaled nitric 

oxide. The mortality overall was ~16%. Other studies have shown similar high mortality 

rates in children with pulmonary hypertension, with the highest risk in those with 

congenital diaphragmatic hernia. (21, 24, 25)  

        BPD was the major reason for PH in this study. Although congenital heart disease 

(CHD) was much less common in this cohort, its presence was associated with a ~16 fold 

higher mortality. In the latest classification of pulmonary hypertension in children, CHD 

has been labeled as an independent diagnosis. Certain types of CHD increase the 

propensity for developing PH in the neonatal period including obstructed total pulmonary 

Page 10 of 26

Congenital Heart Disease

Congenital Heart Disease

This article is protected by copyright. All rights reserved.



A
ut

ho
r M

an
us

cr
ip

t 11 

 

venous return, scimitar syndrome and hypoplastic left heart syndrome with a restrictive 

atrial septal communication.  It has been shown that PH in these patients increases 

morbidity and mortality. (26-28) 

       Patients in this study who died had ~2.5 fold higher peak NT-pro BNP than those 

who survived. A higher level of this biomarker suggests worsening right ventricular 

pressure overload as is seen in patients with worsening pulmonary hypertension. Other 

investigators have corroborated this finding. (29-31) In this study, patients with a peak 

NT-pro BNP >8915 pg/ml had significantly higher mortality. These values are lower than 

those presented by Baptista et al. (32) in pediatric patients with congenital diaphragmatic 

hernia. In their study, patients with NT-pro BNP value >11,500 pg/ml had worse 

prognosis. Also, the non-survivors had higher % change in NT-pro BNP change during 

PH exacerbation and a higher drop in pH secondary to an acute rise in pCO2. Moreover, 

there was a significant positive correlation between peak NT-pro BNP concentration and 

peak pCO2. This confirms the observation that NT-pro BNP is influenced by changes in 

the underlying respiratory status. The correlation here was modest (r= 0.4) in part 

because NT-pro BNP is influenced by other factors including heart failure, blood 

pressure, heart rate, glomerular filtration rate and certain medications. (33)  

       Evaluating the echocardiographic parameters studied, Group 2 patients had a higher 

RVSP/SBP (%) ratio and a higher S/D ratio. Studies evaluating these parameters in 

patients with PH have shown similar results.(16, 17, 34) The RVSP/SBP ratio is graded 

as mild (0.33-<0.66), moderate (0.66-1) and severe PH (>1). In this cohort, patients with 

severe pulmonary hypertension had a higher likelihood of death. Also, the S/D ratio is a 

marker of systolic function and is elevated in patients with pulmonary hypertension. (16, 
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35) It is particularly useful in patients with PH who don’t have a complete tricuspid 

regurgitation jet.  Children with a S/D ratio >1.7 had significantly higher mortality which 

is similar to the study by Alkon et al. (16) evaluating S/D ratio in 47 children with PH. 

They found there was worse RV function, 6-minute walk distance, hemodynamic data 

and higher mortality in patients with S/D ratio >1.4. 

      The results of this study confirm the hypothesis that NT-pro BNP increases with 

acute worsening of the respiratory status in infants and young children with PH.  

Moreover, patients that subsequently died had higher NT-pro BNP concentrations and 

worse echocardiographic parameters of PH than long-term survivors. 

Study Limitations 

This was a retrospective study with a relatively small sample size. The NT-pro BNP 

levels were drawn for clinical indications and thus not at standardized intervals. To 

minimize this possible confounder, only blood gas and echocardiographic measurements 

done at specified times around the blood draws were analyzed. Also, this was a single 

center study, which might limit its generalizability. Due to the limited sample size, we 

were not able to achieve statistically significant cut-off values for % change in NT-pro 

BNP and RVSP/SBP (%) despite the fact that there was a trend towards worse survival in 

patients with %NT-pro BNP change ≥1291% and RVSP/SBP (%) ratio ≥ 64.  

 

Conclusions 

Infants and young children with pulmonary hypertension have increased morbidity and 

mortality. NT-pro BNP is a useful biomarker for respiratory exacerbations in this 

population, and the S/D ratio a useful echocardiographic measure for pulmonary 
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hypertension and both are significantly elevated in patients who did not survive. A rise in 

NT-pro BNP may be in part secondary to worsening respiratory status. Serial 

measurements may be useful to guide intensification of targeted therapy as an upward 

trend in NT-pro BNP to >8915 pg/ml carries a higher risk of death.  
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Figures (1a-c): These are graphs showing the relationship between pCO2 and NT-pro 

BNP levels in three pediatric patients with pulmonary hypertension 

Figure 2. Kaplan-Meier survival curve comparing patients with highest NT-pro BNP 

values >8915 pg/ml vs. ≤ 8915 pg/ml 

Figure 3. Kaplan-Meier survival curve comparing patients with increase in NT-pro BNP 

value during pH exacerbation ≥1291% vs. <1291% 

Figure 4. Kaplan-Meier survival curve comparing patients with RVSP/SBP ratio ≥64% 

vs. <64% 

Figure 5. Kaplan-Meier survival curve comparing patients with S/D ratio > 1.7 vs. ≤1.7. 
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Table 1. Baseline characteristics of study cohort  

 
 n=56 

Mean (95%CI), Median (IQR) or n(%) 

 

Gestational age at birth (weeks) 

<28  

28-<32  

32-37  

>37  

 

28 (50) 

4 (7.1) 

4 (7.1) 

20 (35.7) 

Height (cm) 51 (37.8 – 64.1) 

Weight (kg) 3.9 (1.2 – 6.6) 

BSA (m2) 0.23 (0.13-0.33) 

Gender 

M 

F 

 

28 (50) 

28 (50) 

Ethnicity 

African American 

Caucasian 

Hispanic/Other 

 

37 (66.1) 

15 (26.8) 

4 (7.1) 

Underlying Diagnosis 

BPD 

Congenital Diaphragmatic Hernia 

Down Syndrome 

Congenital Heart Disease 

Other (skeletal anomalies, omphalocele, 

other syndromes) 

 

35 (62.5) 

2 (3.6) 

1 (1.8) 

4 (7.1) 

14 (25) 

NT-pro BNP (pg/ml) 1515 (586-3633) 

Support needed 

Intubated 

Tracheostomy 

Sildenafil 

Milrinone 

Nitric oxide 

ECMO 

 

49 (87.5) 

23 (41.1) 

42 (75) 

23 (41.1) 

32 (57) 

4 (7) 

Length of ventilation 70 (41-99) 

Length of hospital stay 140 (110-170) 

RVSP 

Mildly increased 

Moderately increased 

Severely increased 

 

26 (46.4) 

9 (16.1) 

21 (37.5) 

Patient status at discharge 

Alive 

Dead 

 

47 (83.9) 

9 (16.1) 

 

 

 

 

Page 17 of 26

Congenital Heart Disease

Congenital Heart Disease

This article is protected by copyright. All rights reserved.



A
ut

ho
r M

an
us

cr
ip

t 2 

 

 

Table 2. Comparison of Survivors to Non-survivors  

 
 Group 1 

Survivors 

n=47 

Mean ± SD or n (%) 

Group 2 

Non-survivors 

n=9 

Mean ± SD or n (%) 

p value 

Gestational age at birth (weeks) 

<28  

28-<32  

32-37 

>37   

 

24 (51.1) 

3 (6.4) 

4 (8.5) 

16 (34) 

 

4 (44.4) 

1 (11.1) 

0 (0) 

4 (44.4) 

 

 

NS 

Height (cm) 51.6 ± 11.7 54.6 ± 11 NS 

Weight (kg) 4.1 ± 2.4 4.8 ± 2.7 NS 

BSA (m2) 0.24 ± 0.1 0.27 ± 0.1 NS 

Gender 

M 

F 

 

26 (55.3) 

21 (44.7) 

 

2 (22.2) 

7 (77.8) 

 

NS 

Ethnicity 

African American 

Caucasian 

Hispanic/Other 

 

32 (68.1) 

13 (27.7) 

2 (4.2) 

 

5 (55.6) 

2 (22.2) 

2 (22.2) 

 

 

NS 

Underlying Diagnosis 

Congenital Heart Disease 

Other (BPD, Congenital Diaphragmatic 

Hernia, Down Syndrome, skeletal 

anomalies, omphalocele, other syndromes) 

 

1 (2.1) 

46 (97.9) 

 

3 (33.3) 

6 (66.7) 

 

 

0.01 

Highest NT-pro BNP during PH 

exacerbation 

6885 ± 9204 16148 ± 9669 <0.05 

% decrease in pH during PH 

exacerbation 

2.5 ± 2.1 14 ± 32 0.01 

%  increase in pCO2 during PH 

exacerbation 

208 ± 150 406 ± 247 <0.05 

Length of ventilation 49 ± 90 116 ± 74 <0.05 

Support needed 

Intubated 

Tracheostomy 

Sildenafil 

Milrinone 

Nitric Oxide 

ECMO 

 

40 (85.1) 

19 (40.4) 

33 (70.2) 

16 (34) 

24 (51.1) 

3 (6.4) 

 

9 (100) 

4 (44.4) 

9 (100) 

7 (77.8) 

8 (88.9) 

1 (11.1) 

 

NS 

NS 

<0.1 

<0.05 

<0.05 

NS 

Echocardiographic parameters 

S/D ratio 

Maximum RVSP (mmHg) 

RVSP/SBP ratio (%) 

 

1.6 ± 0.4 

56 ± 21 

46 ± 43 

 

2.2 ± 0.9 

73 ± 22 

76 ± 37 

 

<0.01 

<0.1 

0.05 

Atrial level shunting 

Left to right 

Right to Left 

Bidirectional 

 

36 (76.6) 

1 (2.1) 

10 (21.3) 

 

3 (33.3) 

1 (11.1) 

5 (55.6) 

 

 

<0.05 
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Figures (1a): These are graphs showing the relationship between pCO2 and NT-pro  

BNP levels in three pediatric patients with pulmonary hypertension  
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Figures (1b): These are graphs showing the relationship between pCO2 and NT-pro  

BNP levels in three pediatric patients with pulmonary hypertension  
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Figures (1c): These are graphs showing the relationship between pCO2 and NT-pro  

BNP levels in three pediatric patients with pulmonary hypertension  
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Figure 2. Kaplan-Meier survival curve comparing patients with highest NT-pro BNP  

values >8915 pg/ml vs. ≤ 8915 pg/ml  
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Figure 3. Kaplan-Meier survival curve comparing patients with increase in NT-pro BNP  

value during pH exacerbation ≥1291% vs. <1291%  
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Figure 4. Kaplan-Meier survival curve comparing patients with RVSP/SBP ratio ≥64%  

vs. <64%  
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Figure 5. Kaplan-Meier survival curve comparing patients with S/D ratio > 1.7 vs. ≤1.7  
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