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Abstract

Objective: To test the hypothesis that specific echocardiographic measurements of right ventricle 

(RV) mechanics at 36 weeks post-menstrual age (PMA) are associated with severity of 

bronchopulmonary dysplasia (BPD).

Study design: A subset of 93 preterm infants (born between 27 and 29 weeks gestation) was 

retrospectively selected from a prospectively enrolled cohort. BPD was defined using the National 

Institutes of Health workshop definition, with modifications for oxygen reduction testing and 

altitude. The cohort was divided into no BPD and BPD using previously published methodology 

for analyses. Echocardiographic measurements of RV function (tricuspid annular plane systolic 

excursion, fractional area of change, systolic to diastolic ratio, tissue Doppler myocardial 

performance index, RV strain), RV remodeling/morphology (end-systolic left ventricular (LV) 

eccentricity index and RV afterload (pulmonary artery acceleration time measures) were evaluated 
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at 36 weeks PMA. Multivariable logistic regression determined associations between RV 

measurements and BPD severity.

Results: Compared with the no BPD cohort, the BPD group had lower birth weight z-scores (P 
= .04) and trended toward male predominance (p = 0.08). After adjusting for birth weight z-scores, 

gestational age and sex, there were no differences in echocardiographic measurements between 

groups except for the EI (scaled odds ratio (0.1-unit increase) of 1.49 (1.13 – 2.12, p = 0.01).

Conclusions: Among conventional and emerging echocardiographic measurements of RV 

mechanics, EI was the only parameter independently associated with BPD severity in this study. 

The EI may be a useful echocardiographic measurement to characterize RV mechanics in patients 

with BPD at 36 weeks PMA.
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Pulmonary vascular disease (PVD), and its most severe form, pulmonary hypertension (PH) 

are commonly associated with bronchopulmonary dysplasia (BPD) following preterm birth.1 

Poor outcomes may be partially mediated by altered right ventricular (RV) mechanics 

associated with PVD, even without a formal diagnosis of PH.2 Screening for abnormalities 

in RV mechanics has potential utility in understanding disease pathophysiology, 

prognostication and clinical management of infants with established BPD.

Multiple echocardiographic parameters for characterizing RV mechanics in preterm infants 

at risk for BPD have been described. Examples include measurements of RV function 

(tricuspid annular plane systolic excursion, fractional area of change, systolic to diastolic 

ratio, tissue Doppler myocardial performance index, RV strain), RV remodeling/morphology 

(end-systolic left ventricular (LV) eccentricity index (EI) and RV afterload (pulmonary 

artery acceleration time measures).3 However, little is known about which of these measures 

is most strongly associated with the severity of BPD. The aim of this study was to evaluate 

the strength of associations between echocardiographic measurements of RV mechanics and 

BPD severity in a cohort of preterm infants at 36 weeks post-menstrual age (PMA) who 

participated in a prospective study and underwent a protocolized echocardiographic 

assessment.1 We hypothesized that echocardiographic indices of RV mechanics would be 

associated with BPD and its severity.

Methods

A random subset of infants with and without BPD was retrospectively selected from a larger 

prospective study that included 277 subjects1. The prospective cohort was enrolled between 

July 2006 and March 2012 at hospitals affiliated with the University of Colorado Anschutz 

Medical Campus and Indiana University School of Medicine. Patients were recruited before 

seven days of age and inclusion criteria included gestational age (GA) less than 34 weeks 

and birthweight between 500 and 1,250 grams. Exclusion criteria included congenital heart 

disease (except patent ductus arteriosus (PDA), patent foramen ovale, atrial septal defect less 

than 1 cm, and ventricular septal defect less than 2 mm), lethal congenital abnormality, and 
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cases deemed to be futile (anticipated death before discharge during the enrollment 

window).

The study population for this retrospective analysis was created using a multi-step process. 

First, BPD status and severity was determined at 36 weeks PMA using a modification of the 

National Institutes of Health workshop definition4 with application of the oxygen reduction 

test as described by Walsh et. al.1, 5 Patients who required supplemental oxygen for < 28 

days after birth were classified as “no BPD” if they were on room air at 36 weeks PMA or < 

30% supplemental oxygen (<35% at Denver altitude) and passed the oxygen reduction test. 

Patients who required supplemental oxygen for > 28 days had BPD. If patients were on 

room air or < 30% supplemental oxygen (<35% at Denver altitude) and passed the oxygen 

reduction test at 36 weeks PMA, they were classified as “mild BPD.” If patients were on < 

30% supplemental oxygen (<35% at Denver altitude) and failed the oxygen reduction test at 

36 weeks PMA, they were classified as “moderate BPD.” Patients requiring positive 

pressure support or receiving ≥30% supplemental oxygen (≥35% at Denver altitude) at 36 

weeks PMA were classified as “severe BPD”. Disease severity categories were adjusted for 

altitude (applied to the result of the oxygen reduction test for those who performed the test) 

for subjects enrolled in Denver (1,600 m) as previously described.1, 6

To obtain a representative sample of the spectrum of BPD, 25 patients were randomly 

selected from each BPD severity group. The gestational age was restricted to 27 to 29 weeks 

to minimize the confounding effect of gestational age on outcomes and ensure well-balanced 

group membership (ie, between none, mild, moderate and severe BPD). A power analysis 

was performed to verify the adequacy of the sample size to detect differences between 

groups. A priori, the variable of RV FAC was selected for the power analysis. Means and 

standard deviations in patients with and without BPD were used (personal communication 

from Philip T. Levy, Washington University School of Medicine). With the sample size 

employed in the study, the power was calculated to be > 0.999.

For analytic purposes, the cohort was finally divided into a BPD vs. no BPD binary outcome 

using an additional modification to the National Institutes of Health workshop definition 

proposed by Poindexter et al.7 Using data from the Prematurity and Respiratory Outcomes 

Program (PROP), Poindexter et al omitted the need for 28 days of supplemental oxygen and 

thus eliminated the “mild BPD” classification.7 We similarly grouped patients on room air or 

having passed an oxygen reduction test at 36 weeks PMA as “no BPD” and all others as 

“BPD” for all analyses.

The original study protocol was approved by the institutional review boards at each 

participating institution and written informed consent was obtained from parents or 

guardians of all enrolled participants. Demographics, select morbidities, and outcomes were 

systematically collected for each study participant during their birth hospitalization.

A standardized imaging protocol was utilized to obtain echocardiographic images at 36 

weeks PMA. Echocardiographic data have previously been published from this cohort,1, 8,10 

but the echocardiographic measurements obtained in this study had not been previously 

assessed at 36 weeks PMA in relation to BPD. Echocardiograms were performed using a 
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Vivid 7 (GE Healthcare, Milwaukee, WI) or an iE33 (Philips Medical Systems, Andover, 

MA) platform and reviewed offline using commercially available software (Cardiovascular 

Review Station version 2.14.03; AGFA Healthcare, Mortsel, Belgium). For this analysis, 

each measurement was made by a single investigator to prevent interreader variability, who 

was also blinded to BPD status at the time the interpretations were made. All measurement 

techniques were performed according to previously published guidelines and methods.
1, 11, 12 Images were only included for analysis if the full extent of the structure or boundary 

of interest was contained within the imaging sector without prominent artifact (i.e., at least 

“good” quality images based on previously published grading systems).13 The 

measurements obtained included:

TAPSE:

The difference between the systolic and diastolic position of the tricuspid annular plane 

measured from the 2-dimensional apical 4 chamber view.11

RV and RA FAC:

The fractional change in areas from atrial and ventricular systole to diastole computed as a 

percent change from the apical four chamber view.11

Pulsed wave blood pool and Tissue Doppler derived MPI:

Standard measurements of tricuspid valve inflow, RV free wall velocities, and isovolumetric 

contraction (IVCT) and relaxation (IVRT) were performed in the apical four chamber views. 

Ejection time (ET) was measured in the pulmonary valve outflow short axis and apical four 

chamber view for the pulsed Doppler and tissue Doppler MPI, respectively. The MPI for 

both methodologies was calculated by computing (IVRT + IVCT)/ET.14–16 Differences in 

isovolumetric times and ejection times measured in different views with heart rate 

differences greater than 10% were excluded.

RV systolic to diastolic ratio:

Ratio of time in the cardiac cycle spent in systole compared with time spent in diastole, 

measured using the tricuspid valve continuous Doppler wave in the apical 4 chamber view.17

PAAT and PAAT/ET:

From the spectral Doppler trace at the pulmonary valve annulus, the PAAT was defined as 

the interval (in milliseconds [ms]) between the onset of systolic pulmonary arterial ejection 

and peak flow velocity; the ET was defined as the interval between the beginning of RV 

ejection and flow cessation.18, 19

Left Ventricular (LV) EI (Figure 1):

From the parasternal short axis view, the left ventricle was viewed in cross-section at the 

level of the papillary muscles. The distance from the anterior wall to the inferior/posterior 

wall is divided by the distance from the septal wall to the lateral/posterior wall at end-

systole. The normal value for the EI is one.20
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Speckle-derived myocardial deformation imaging (i.e. strain):

Manual RV dominant border tracking (on the frame prior to tricuspid valve closing) was 

performed using an adapted institutional protocol21–23 and deformation percentages were 

rendered by an offline software (TomTec Imaging Systems GMBH, Unterschleissheim, 

Germany) to yield RV free wall (RVFWS) and global longitudinal strain (RVGLS) in the 

apical four chamber view24

Statistical Analyses

All non-echocardiographic data were prospectively collected and maintained using a 

REDcap (Research Electronic Data Capture) database hosted at the University of Colorado 

Denver.25 Summaries of continuous data are presented as mean and standard deviations or 

median and interquartile ranges, when appropriate. Categorical data are summarized as 

proportions. The Shapiro-Wilk test was used to assess normality of all continuous variables. 

Student t-tests, Wilcoxon rank sum tests, and Chi-square tests were used to analyze 

differences between BPD groups, as appropriate. For the primary analyses, multivariable 

logistic regression modeling was used to identify the relationship between each 

measurement of RV mechanics and BPD severity, controlling for known risk factors. To 

identify associations between echocardiographic measurements and BPD severity among 

patients without echocardiographic evidence of PH, secondary modelling was performed 

after patients with estimated PH were removed. PH was defined via the tricuspid 

regurgitation jet velocity (TRJV) and the modified Bernoulli equation if the systolic 

pulmonary artery pressure (sPAP)/systemic systolic blood pressure was ≥ 0.5, sPAP was > 

40 mm Hg or there was evidence of septal flattening.1 The TRJV measurements had to meet 

predefined quality criteria to be used for analysis. The criteria required that the TRJV 

envelope consisted of clearly defined and reproducible descending and ascending limbs 

forming a peak velocity. Incomplete or poorly demarcated envelopes were not used to 

estimate PH. Odds ratios were scaled for improved interpretability for parameters with 

narrow ranges. Days of supplemental oxygen needed were log, base X, transformed. 

Reliability testing was performed on the EI. A random sample of 20% of echocardiograms 

included in the study were selected. For intra-observer reliability testing, EI measurements 

were repeated by the same investigator one year after the initial measurements were 

performed. For inter-observer reliability testing, a different investigator measured the EI 

independently. Reliability was assessed via calculation of median differences (with 

interquartile ranges), Pearson linear correlation coefficient and the intra-class correlation 

coefficient. Statistical significance was assessed using an alpha level of 0.05. All statistics 

were computed using SAS version 9.4 (SAS Institute Inc, Cary, NC).

Results

From the original cohort of 277 infants, 93 were randomly selected using statistical software 

for this study, 47 without the diagnosis of BPD and 46 with BPD as assessed at 36 weeks 

PMA. Patient characteristics are listed in Table I. In comparison with subjects with no BPD, 

patients with BPD had lower birth weight z-scores (mean (std) −0.52 (0.7) vs. −0.25 (0.6), p 

= 0.04) and were born on average 4 days earlier. There was a higher proportion of males in 

the BPD group, but the difference was not significant (56.5% vs. 38.3%, p = 0.08). 

Ehrmann et al. Page 5

J Pediatr. Author manuscript; available in PMC 2019 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Morbidities were more prevalent in those with BPD, including pneumonia (15.2% vs. 2.1%, 

p = 0.02), longer median days of mechanical ventilation (13.5 vs. 3 days, p < 0.01) and 

neonatal intensive care unit length of stay (90 vs. 73 days, p < 0.01). Eleven patients had PH 

(11.8% of cohort), which was more prevalent in the BPD group (21.7% vs. 2%, p < 0.01). 

The TRJV was of sufficient quality to measure in 15% of the cohort.

Echocardiographic data are summarized in Table II. The successful quantification of 

measures of RV mechanics ranged between 69% and 95%. Median frame rates for strain 

calculations were 91 frames per second with a median heart rate of 169 beats per minute. 

The median frame rate/heart rate ratio was 0.52. None of the measured parameters differed 

significantly between the BPD groups, except for the EI (Figure 2). Although TAPSE was 

greater in infants without BPD, the difference was not significant (8.66 vs. 8.01, p = 0.08). 

To correct for potential confounding variables, a multivariable logistic model was 

constructed with EI, GA, BWZ and sex (Table III; available at www.jpeds.com). The final 

model contained 80 patients with complete data. The association between EI and BPD group 

remained significant with an odds ratio of 1.49 (1.13 – 2.12, p = 0.01) for every 0.1 unit 

increase in EI. In a secondary sensitivity analysis that excluded subjects diagnosed with PH, 

the model was re-fit with 69 patients. The scaled odds ratio for EI in the cohort without PH 

remained significant at 1.40 (1.02 – 1.93, p = 0.04). We further examined trends in EI 

according to each of the 4 NIH categories of BPD severity (none, mild, moderate and 

severe) (Figure 3; available at www.jpeds.com). EI increased with increased BPD severity 

(moderate vs. none OR 1.3, p = 0.15; severe vs. none OR 1.8, p < 0.01). The EI intra-

observer median difference was −0.035 (IQR −0.214 – 0.024) with an intra-class correlation 

coefficient of 0.76, p < 0.001. The inter-observer reliability median difference was 0.049 

(IQR 0.009 – 0.109) with a Pearson linear correlation coefficient of 0.91, p < 0.001).

Discussion

Abnormalities of the pulmonary vasculature in preterm infants are strongly associated with 

BPD and its severity.1, 26–29 However, the relative utility of specific echocardiographic 

parameters that identify preterm infants with BPD-associated PVD and its severity are 

uncertain. In this retrospective analysis of a prospectively enrolled cohort at high risk for 

BPD, we showed that the EI was the only objective parameter among the evaluated 

assessments of RV mechanics that was independently associated with BPD severity at 36 

weeks PMA.

The EI can be readily standardized, is highly reproducible, and is independent from the 

angle of insonation.20, 30 Like other assessments of septal geometry, the EI reflects 

interventricular interactions, primarily driven by the RV/LV pressure differential,31 and the 

EI directly changes with perturbations of RV/LV pressures, such as in the setting of PH. 

Prior studies have found associations between EI and BPD-associated PH.30, 32 McCrary et 

al found that the EI was significantly elevated in BPD patients with non-invasively 

determined PH.30 Abraham et al also reported an association between EI and PH, especially 

at EIs ≥ 1.30 among premature infants with and without BPD.32 There were not enough 

patients in this study diagnosed with PH by echocardiography to perform analogous 

analyses. In addition to echocardiography, McCrary et al used pulmonary vasodilator and 
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future catheterization data to diagnose PH, which may have strengthened their ability to 

perform sub-analyses within the BPD group.

The EI may also have a role in the early identification of abnormal RV pressure load due to 

PVD, even in the absence of overt PH. An RV pressure load that does not meet criteria for 

PH has been associated with changes in RV mechanics in BPD2 as well as increased risk of 

morbidity and mortality in adult studies.33–35 In the study by Abraham et al, patients with 

EIs between 1.15 and 1.29 had a median estimated RV systolic pressure that was 42% of the 

systemic blood pressure using the modified Bernoulli principle.32 Although the RV was 

presumably exposed to an abnormal pressure load, these patients did not have PH. In our 

study, we found a significant, independent association between the EI and BPD severity, 

even when all patients diagnosed with PH were removed from the analysis. Because we 

anticipate that some patients had PVD without PH, the EI may reflect RV adaptation to 

abnormal but sub-PH afterloads.

The association between EI and BPD in this study highlight additional questions about the 

relationship between EI and BPD without any PVD/PH. Choi et al found that preterm BPD 

patients without evidence PVD/PH may nevertheless have RV dysfunction between 35 and 

37 weeks PMA.36 Haque et al found similar results using myocardial deformation imaging 

in a cohort of BPD patients without PH.37 The current paradigm of BPD suggests that 

preterm infants with BPD may have impairments in the growth, structure and function of the 

pulmonary vasculature which may lead to PH and ultimately RV dysfunction. However, it 

may be possible that preterm patients have abnormal ventricular morphology/function as a 

primary insult.38 Perhaps preterm patients with abnormalities in ventricular programming 

(i.e., a primary insult) develop changes in RV structure and function when exposed to 

intermittent or chronic hypoxia (i.e., a secondary insult) associated with BPD. Because BPD 

is not always associated with PVD/PH, this may be one plausible explanation whereby 

preterm patients with BPD have abnormalities in RV morphology/function without PVD/PH. 

If the EI can reflect changes in RV morphology prior to the development of RV dysfunction 

in patients with BPD, it may be of clinical utility independent of the presence of PVD/PH. 

Further longitudinal studies may be able to shed more light on this complex relationship.

The strong feasibility and intra/inter-rater reliability of EI demonstrated in this study suggest 

that the EI may be more feasible and reliable than other measurements often used to estimate 

RV pressure load, such as TRJV and septal flattening. Our group and others have previously 

demonstrated the challenges in using the TRJV to assess PH patients with BPD.39 In a 

retrospective analysis of 25 patients under 2 years old with BPD and highly suspected or 

confirmed PH, the systolic pulmonary artery pressure could be assessed in only 61% of the 

cases, and the correlation between non-invasive and invasive measurements of PH was 

suboptimal.39 Using the same criteria as this study, we previously reported that only eight 

percent of preterm patients with BPD had an acceptable TR jet to measure the TRJV.1 The 

TRJV was of sufficient quality to measure in 15% of the cohort. The use of septal flattening 

to predict PH is also subject to important limitations.3 A recent study showed sub-optimal 

inter-rater reliability among cardiologists reading echocardiograms of preterm patients at 

risk of BPD at 7 days PMA, although agreement was far stronger at 36 weeks PMA.40 

Furthermore, septal flattening may not be recognized until the EI is ≥ 1.15.32
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We found no statistically significant associations between many conventional measurements 

of RV mechanics and BPD at 36 weeks PMA. Haque et al recently reported no association 

between RVFAC, TAPSE and MPI with BPD at > 36 weeks PMA.37 However, our findings 

contrast with those of other prior reports in which there were associations between 

conventional measurements of RV mechanics and BPD.41–44 The discrepancy between our 

findings and prior studies may be partially due to known limitations of some of the 

measurements performed. TAPSE and TDI are sensitive to angles of insonation and RV and 

RA FAC are strongly impacted by volume loading.3 Variations in sample size, study design, 

analytic methods, and approach to confounding may also explain why our findings differ 

from other studies. Furthermore, there is substantial phenotypic heterogeneity in cases of 

severe BPD, and echocardiographic indices may differ greatly between infants with the same 

BPD severity with vastly different clinical presentations. Our analysis attempted to mitigate 

some of these challenges by selecting infants within a narrow gestational age range at birth, 

a relatively large sample size and controlling for covariates. Nonetheless, we failed to find 

associations between many of these measurements and BPD severity. Future prospective 

randomized controlled studies specifically designed to assess the role of conventional and 

emerging echocardiographic measurements of RV mechanics in the BPD population will be 

of significant value.

The PAAT and PAAT:ET have been shown to be useful in the detection of PH in adults.19 

Recently, normative age and sex-matched PAAT values have been derived in healthy 

children.45 Levy et al reported the significant associations between PAAT and PAAT/ET 

with PH in a cohort of children with and without PH.18 The PAAT:ET ratio has been 

associated with BPD in prior studies.46–50 We did not find an association between PAAT and 

PAAT/ET with BPD severity in this study. Bokiniec et al studied 89 preterm infants with and 

without BPD and found no association between the PAAT or PAAT:ET and BPD at day of 

life one, day 28 or 36 weeks PMA.51 Much remains to be understood about the timing and 

mechanisms by which the premature RV adapts to an increasing pressure load. The positive 

association between EI and BPD reported herein contrasted with the lack of association 

between PAAT and BPD raise important questions for future studies, especially because the 

post-hoc correlation between the PAAT and EI in our cohort was not statistically significant 

(r = −0.11, p = 0.32). In the early stages of PH, the RV develops significantly increased 

contractility to maintain ventriculoarterial coupling.52 This may be one factor that 

contributes to a shortening PAAT in PH.19 It is unclear when this adaptive process occurs in 

relation to the morphologic changes in premature patients with BPD. This requires further 

study.

Our findings should be interpreted in the context of important limitations. First, this study 

may not represent a consecutive birth cohort given that informed consent was required prior 

to enrollment and not all eligible patients participated. Secondly, we employed a design that 

purposely restricted patients to 27 – 29 weeks GA to ensure adequate representation of 

different BPD phenotypes in our sample and control for the effect of GA on the development 

of BPD. Thus, our findings may not be directly generalizable to other patients with BPD 

born outside of this GA window. There were also limitations related to imaging technique 

and quality. Specifically, some patients were excluded from final analyses due to not having 

available highquality images on which the parameters of interest could be measured. 
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Because reproducibility of deformation imaging has been shown to be strongest with frame 

rate/heart rate ratios ≥ 0.7,53 the strain findings reported herein should be interpreted with 

caution given lower frame rate/heart rate ratios. Strain rate was also not measured in this 

study, which may be less affected by loading conditions and more reflective of myocardial 

contractility than measurements of global longitudinal strain reported in this study.54 All 

measurements were performed by a single investigator to limit inter-reader variability. Post-

hoc intra-observer and inter-observer reliability testing was performed only for the EI and 

not for other variables measured in this study. Thus, interpretation of the results and 

associations from our analyses should be interpreted with this limitation in mind. However, 

most measures reported in this study have been shown to be highly feasible and reproducible 

in premature infants using specific image acquisition and post-processing data analysis 

protocols.24, 30, 41, 55 Lastly, we were unable to account for all variables that may have 

impacted the EI such as PH medications, positive pressure ventilation and PDAs. The impact 

of these variables on right heart function and clinical course using serial measures of EI as a 

potentially useful metric over time is worth future study.

We conclude that among conventional and emerging echocardiographic measurements of 

RV mechanics, EI was the only parameter independently associated with BPD severity in 

this study. The EI may be a useful echocardiographic measurement to characterize RV 

mechanics in patients with BPD at 36 weeks PMA.
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Abbreviations:

BPD Bronchopulmonary dysplasia

PH pulmonary hypertension

RV right ventricular

TAPSE tricuspid annular plane systolic excursion

RA RV and right atrial

FAC fractional area change

TDI tissue Doppler imaging

MPI myocardial performance index

TRJV tricuspid regurgitation jet velocity

BWZ Birthweight z-score

PMA post-menstrual age
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Fig. 1. 
The eccentricity index. The eccentricity index in this example is 2.3/1.4 = 1.6.
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Fig. 2. 
The eccentricity index in those with and without bronchopulmonary dysplasia.
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Fig. 3. 
The eccentricity index in those with none, mild, moderate and severe bronchopulmonary 

dysplasia.
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Table I.

Characteristics of the Study Cohort

Variable Overall (n = 93) No BPD (n = 47) BPD (n = 46) P-value

Birth Weight (grams) 994 (170) 1067 (127) 919 (177) <0.01

Birth Weight Z-Score −0.38 (0.6) −0.25 (0.61) −0.52 (0.66) 0.04

Gestational Age (weeks) 28 (0.8) 28.1 (0.8) 27.5 (0.6) <0.01

Gender (Male) 44 (47.3%) 18 (38.3%) 26 (56.5%) 0.08

Small for Gestational Age 4 (4.3%) 3 (6.4%) 1 (2.2%) 0.62

Antenatal Corticosteroids 74 (79.6%) 39 (83%) 35 (76.1%) 0.41

PDA - Medical Treatment 30 (32.3%) 13 (27.7%) 17 (37%) 0.09

PDA - Surgical Ligation 7 (7.5%) 0 (0%) 7 (15.2%) 0.01

Pneumonia 8 (8.6%) 1 (2.1%) 7 (15.2%) 0.02

Necrotizing Enterocolitis 13 (14%) 8 (17%) 5 (10.9%) 0.39

Sepsis 14 (15.1%) 4 (8.5%) 10 (21.7%) 0.07

Pulmonary Hypertension 11 (11.8%) 1 (2%) 10 (21.7%) <0.01

Days of MV 6 (2 — 15) 3 (1 – 7) 13.5 (4 – 25) <0.01

NICU length of stay (days) 82 (72 — 97) 73 (63 – 89) 90 (81 – 109) <0.01

Discharged on Oxygen 48 (51.6%) 20 (42.6%) 28 (60.9%) 0.08

Mortality 3 (3.2%) 0 (0%) 3 (6.5%) 0.08

Abbreviations: PDA, Patent ductus arteriosus; MV, Mechanical ventilation; NICU, Neonatal intensive care unit

*
Data are presented as N (%) for categorical variables and Mean (Std) or Median (25th percentile – 75th percentile) for continuous variables.
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Table II.

Echocardiographic Parameters of RV Dysfunction

Variable Feasibility (%) No BPD (n = 47) BPD (n = 46) P-value

Eccentricity index 86 0.99 (0.95 — 1.09) 1.12 (1.02 — 1.24) 0.01

TAPSE (mm) 90 8.66 (6.87 — 10.04) 8.01 (6.46 — 8.58) 0.08

RA Fractional Area Change 90 0.57 (0.50 — 0.69) 0.58 (0.50 — 0.65) 0.98

RV Fractional Area Change 85 0.51 (0.47 — 0.56) 0.52 (0.47 — 0.59) 0.43

RV End-Diastolic Area 85 3.15 (2.68 — 3.50) 2.75 (2.50 — 3.28) 0.12

RV End-Systolic Area 85 1.55 (1.38 — 1.83) 1.5 (1.23 — 1.78) 0.49

RV Systolic to Diastolic Ratio 82 1.52 (1.25 — 1.82) 1.61 (1.35 — 1.78) 0.36

Pulse Wave MPI 81 0.16 (0.03 — 0.22) 0.12 (0.05 — 0.24) 0.67

TDI MPI 69 0.25 (0.19 — 0.36) 0.25 (0.20 — 0.39) 0.51

Total RVFWS (%) 73 −12.74 (−17.00 — −10.47) −14.27 (−21.27 — −10.81) 0.21

RV GLS (%) 73 −16.38 (−19.12 — −10.53) −16.47 (−18.69 — −11.72) 0.70

PAAT (milliseconds) 95 60 (50 — 80) 60 (50 — 70) 0.28

PAAT:ET 95 0.32 (0.24 – 0.39) 0.29 (0.24 – 0.37) 0.49

Subjective Septal Flattening 95 5 (10.6%) 9 (19.6%) 0.18

Abbreviations: TAPSE, Tricuspid annular plane systolic excursion; RA, Right atrium; RV, Right ventricle; MPI, Myocardial performance index; 
TDI, Tissue doppler imaging; RVFWS, Right ventricle free wall strain; GLS, Global longitudinal strain; PAAT; Pulmonary artery acceleration time; 
ET; Right ventricular ejection time
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Table III.

Multivariable Logistic Regression Model of the Scaled Eccentricity Index
+

Parameter Parameter Estimate Standard Error P-value Odds Ratio 95% Confidence Interval

Scaled Eccentricity Index 0.397 0.159 0.01 1.49 (1.13, 2.12)

Lower Birthweight z-score 2.55 0.71 <0.001 12.8 (3.19, 51.6)

Male Gender −0.61 0.65 0.35 0.54 (0.14, 1.87)

Lower Gestational Age 2.25 0.59 <0.001 9.51 (3.00, 30.2)

+
EI is scaled to yield an odds ratio for BPD group membership (vs. no BPD membership), for each 0.1 unit increase in EI.
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