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Abstract

Background—Cumulative supplemental oxygen (CSO) and cumulative mean airway pressure 

(CMAP) are associated with bronchopulmonary dysplasia (BPD) in preterm infants, but their 

relationships to white matter injury (WMI) and neurodevelopment have not been evaluated.

Methods—Preterm infants <32 weeks gestation were prospectively imaged with 3T-MRI 

near term. CSO and CMAP were retrospectively summed over the first 14 and 28 days. 

Neurodevelopment was assessed at 30-months adjusted using the Bayley-III. ROC and linear 

regression were used to evaluate the relationship between CSO, CMAP, and BPD with WMI and 

neurodevelopmental performance, respectively.
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Results—Of 87 infants, 30 (34.5%) had moderate-to-severe BPD, which was associated with 

WMI (OR 5.5, 95% CI 1.1–34.9, p=0.012). CSO and CMAP predicted WMI as well as BPD 

(AUC 0.68–0.77). CSO was independently associated with decreased language and cognitive 

performance (mean difference at 14d: −11.0, 95% CI −19.8 to −2.2, p=0.015; −9.8, 95% CI −18.9 

to −0.7, p=0.035, respectively) at 30-months adjusted.

Conclusions—BPD precursors predict WMI as well as BPD. Cumulative supplemental oxygen 

over the first 14 days of life is independently associated with lower language and cognitive 

performances. These data suggest that early respiratory status influences the risk of adverse 

neurodevelopment in preterm infants.

Introduction

Survival has increased among the most extremely premature infants with a subsequent 

increased incidence of bronchopulmonary dysplasia (BPD).(1) Following the original 

description of BPD by Northway and colleagues,(2) the definition of BPD has evolved 

as survival has improved due to broad use of antenatal steroids, exogenous surfactant, and 

application of positive end-expiratory pressure, allowing for decreased level and duration 

of mechanical ventilation and supplemental oxygen. A consensus conference held in 2000 

at the National Institutes of Health (NIH) resulted in a severity-based definition of BPD, 

defined at 36 weeks’ postmenstrual age (PMA) for infants born at less than 32 weeks’ 

gestational age (GA), reflecting an evolution of the preterm population at risk for ongoing 

respiratory morbidity.(3–5)

This severity-based definition provides discriminatory criteria to evaluate rates and severity 

of BPD in various populations of former preterm infants, as well as associated later 

morbidity, such as adverse neurodevelopmental and pulmonary outcomes.(4, 6) Specifically, 

in the large cohort of 4866 preterm infants described by Ehrenkranz and colleagues, the 

majority (77%) had evidence of BPD, utilizing the NIH severity-based definition. Rates of 

severe intraventricular hemorrhage (IVH) and cystic white matter injury (WMI), also known 

as periventricular leukomalacia on cranial ultrasound and neurodevelopmental impairment 

(NDI) at 18–22 months corrected age all increased as severity of BPD increased.(4) 

Although the rates of cystic WMI and severe IVH have been decreasing in the preterm 

population, unfortunately, the rate of NDI in those with BPD has not.(1) Other studies 

similarly have observed a relationship between BPD and adverse neurodevelopmental 

outcomes.(7–10) While BPD is largely considered an independent risk factor for NDI,(11, 

12) the underlying causes are not clear.

Respiratory precursors of bronchopulmonary dysplasia include both oxygen and mean 

airway exposure. More specifically, quantitative analysis of cumulative supplemental oxygen 

(CSO) over the first 28 days of life has been independently associated with BPD, and 

BPD or death at 36 week’s PMA, with a plateau for the predictive potential of CSO at 

14 days of life.(13) Cumulative mean airway pressure (CMAP) was similarly found to 

be an independent predictor of these outcomes, after adjustment for supplemental oxygen 

exposure.(13) The relationship between these respiratory precursors to BPD, WMI, and 

neurodevelopmental performance has not been previously described and may provide insight 
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into the underlying explanatory reasons for the association of BPD with WMI and adverse 

neurodevelopmental outcomes.

The aim of this study was to evaluate the association of CSO and CMAP over the first 

14–28 days of life with WMI detected by magnetic resonance imaging (MRI) and to 

determine whether respiratory precursors to BPD improve the prediction for WMI compared 

to BPD alone. We secondarily evaluated the relationship of these respiratory parameters 

with Bayley-III composite scores at 30 months corrected age. We hypothesized that higher 

CSO and CMAP would be associated with increased risk of WMI as well as lower 

neurodevelopmental performance as measured by the Bayley-III.

Methods

We performed a retrospective secondary analysis of preterm infants <32 weeks at birth 

prospectively enrolled in the Prematurely Born Neonate MRI (PREMRI) study admitted to 

the University of California, San Francisco (UCSF) Benioff Children’s Hospital Intensive 

Care Nursery between 2011–2016. Exclusion criteria for this cohort include congenital 

malformation, genetic syndrome, congenital infection, or instability for transport to MRI. 

Infants enrolled in the PREMRI cohort have an MRI performed as soon after birth as 

clinically feasible and, when possible, near term-equivalent age. Of the 108 infants enrolled 

in PREMRI over this timeframe, we excluded 7 infants with no MRI scans, 4 infants due 

to excessive motion artifact on MRI precluding ability to evaluate for WMI, and 10 infants 

with missing respiratory data. Complete data was available in 87 participants who comprised 

our final cohort. Three of the 87 infants died prior to discharge. The subjects in our final 

cohort were representative of the average intensive care nursery census at UCSF with regard 

to demographic data, such as GA and BPD status. The PREMRI study was conducted under 

oversight by the UCSF Institutional Review Board and signed parental consent for study 

participation was obtained.

Respiratory Parameters

A single investigator (KG) retrospectively collected the respiratory variables. CSO and 

CMAP were averaged over three standard daily time points (08:00, 16:00, and 00:00) and 

then summed over the first 28 days of life. CSO was calculated as a daily average of 

supplemental oxygen (recorded fraction of inspired oxygen [(FiO2) – 0.21]) to estimate 

the overall supplemental oxygen exposure on a given day.(13) Utilizing the STOP-ROP 

guidelines, the recorded FiO2 was converted to an effective FiO2 when the infant was on 

nasal cannula.(14) CMAP was similarly calculated as a daily average and then summed over 

the first 28 days of life using data from both invasive and non-invasive support, as previously 

described.(15) For the current study, infants missing a complete day of oxygenation data 

were excluded. BPD was classified retrospectively utilizing the NIH consensus, severity­

based definition reflecting the level of respiratory support and FiO2 required at 36 weeks 

0 days PMA.(3) Use of nasal cannula at any flow was classified as moderate BPD. Goal 

oxygen saturation values were 88–92% per unit protocol.
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Magnetic Resonance Imaging

Clinical stability for MRI was at the discretion of the treating neonatologist. If an early and 

near-term scan were available, the scan closest to term corrected age was utilized. Upon 

review, there were no instances of changing WMI severity scores if infants received two 

scans. All MRI scans were acquired using a 3T-scanner (General Electric Discovery MR750; 

GE Medical Systems, Waukesha, Wisconsin) and included axial fast spin-echo T2-weighted 

images (repetition time, 5000 ms; echo time, 120 ms; field of view, 20 cm with 256 × 

256 matrix; slice thickness, 2 mm; gap, 0 mm), sagittal volumetric 3-dimensional spoiled 

gradient echo T1-weighted images (inversion time, 450 ms; echo time, minimal; field of 

view, 18 mm; 1.0 mm isotropic), and SWI (TR, minimal; TE, 24.1 ms; FOV, 18 mm; slice 

thickness, 2.2 mm). One blinded pediatric neuroradiologist (AJB) evaluated all MRI scans 

and scored the severity of WMI on T1-weighted MRI according to our previously published 

criteria.(16) WMI was subsequently dichotomized as absent-mild or moderate-severe. IVH 

was classified on MRI by the Papile grading system and subsequently categorized as absent­

mild (absent, Grade 1, and Grade 2) or moderate-severe (Grades 3 and 4).(17) The presence 

or absence of cerebellar hemorrhage (CbH) was evaluated on T2-weighted imaging and, 

when available, susceptibility-weighted imaging.(18)

Clinical Parameters

A trained clinical research nurse collected neonatal demographic and clinical variables, 

including GA at birth, birth weight, sex, prenatal steroid administration, maternal 

chorioamnionitis, surfactant administration, infection, patent ductus arteriosus (PDA), 

necrotizing enterocolitis (NEC), and neonatal surgery. Newborns with culture-positive 

sepsis, clinical signs of sepsis with negative blood culture, or meningitis were classified 

as having infection. Newborns with clinical signs of PDA (prolonged systolic murmur, 

bounding pulses, and hyperdynamic precordium), and evidence of left-to-right flow through 

the PDA on echocardiogram were classified as having a PDA. NEC was diagnosed 

according to Bell stage II criteria or higher.(19)

Neurodevelopmental Assessment

All infants were referred to the UCSF Intensive Care Nursery Follow-Up Program upon 

discharge for routine neurodevelopmental follow-up. Neurodevelopment was assessed using 

the Bayley Scales of Infant and Toddler Development, 3rd edition (Bayley-III), which was 

performed by unblinded clinicians at 30 months corrected age. Follow-up was available in 

64 of the 84 infants (76.2%) who survived to hospital discharge.

Statistical Analysis

Statistical analysis was performed using Stata 15 (Stata Corporation, College Station, 

Texas). A cross-sectional analysis of baseline characteristics of newborns enrolled in 

the prospective cohort was performed. Clinical characteristics were compared between 

newborns with no-mild versus moderate-to-severe BPD using Fisher exact test or χ2 test 

for categorical variables and Student’s t-test and Kruskal-Wallis test for parametric and 

non-parametric continuous variables, respectively. The association of CSO and CMAP 

with BPD and WMI was evaluated using Kruskal-Wallis test. To evaluate the predictive 
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potential of respiratory precursors to BPD over the first 28 days of life, only infants in 

whom an MRI was obtained ≥28 days of life were included (N=75). Receiver operating 

characteristic (ROC) curves were utilized for the prediction of WMI, and the area under the 

curve (AUC) was compared using non-parametric ROC analysis. Linear regression was used 

to evaluate the relationship of CSO, CMAP, and BPD severity with motor, language, and 

cognitive scores on the Bayley-III (N=64) in univariate and multivariate models. CSO and 

CMAP were analyzed across the first 14 and 28 days of life in two separate multivariate 

models. Multivariate linear regression model assumptions for normality and linearity were 

confirmed. No significant collinearity was observed. Influential points were assessed, and 

when removed from the model (N=7), similar results were obtained (data not reported). 

Mean difference for CSO is the effect for a one-unit change, while for CMAP, it is the effect 

for a 10 unit change. One unit CSO over 14 and 28 days is ~7% and ~3.5% difference per 

day, respectively, in FiO2. Ten units CMAP over 14 and 28 days corresponds to ~0.7 cmH20 

and ~0.35 cmH20 difference per day, respectively. No adjustment for multiple comparisons 

was performed. For all analyses, a p value < 0.05 was considered significant.

Results

Clinical Characteristics and Imaging Findings by BPD Status

Among the cohort of 87 preterm infants, 42 (48.3%), 15 (17.2%), 20 (23.0%), and 10 

(11.5%) had no, mild, moderate, and severe BPD, respectively. The average GA at birth 

was 28.2 ±2.2 weeks and the median postmenstrual age at MRI was 36.1 weeks (IQR 34.9, 

37.7). Infants with moderate-to-severe BPD were more likely to be of younger GA and 

lower birth weight with increased rates of neonatal comorbidities, including surgery, PDA, 

and infection (Table 1).

There were significantly more infants with WMI (OR 5.5, 95% CI 1.1–34.9, p=0.012) and 

IVH (OR 11.2, 95% CI 1.1–538.8, p=0.009) in the moderate-to-severe BPD group compared 

to the no-mild BPD group. Using ordinal logistic regression, increasing severity of BPD, 

classified as a 4-level variable, was associated with increased odds of WMI (OR 2.4, 95% CI 

1.2–4.7, p=0.011) and IVH (OR 3.3, 95% CI 1.4–7.6, p=0.005).

CSOD1–14 and CMAPD1–14 were significantly higher in the moderate-to-severe BPD group 

compared to the no-mild BPD group (Table 2). A similar pattern was seen with CSOD1–28 

and CMAPD1–28. The results confirm that these measures at both time points are precursors 

to BPD in our cohort. In comparing infants with no-mild WMI to those with moderate­

severe WMI, there was no statistically significant difference in CSOD1–14. In contrast, 

CMAPD1–14 was statistically significantly elevated in the moderate-severe WMI group 

(126.4 vs. 60.8, p=0.038). Over the first 28 days, although the median CSO and CMAP were 

higher in the moderate-severe WMI group, there were no statistically significant differences 

between infants with and without WMI.

BPD, CSO, and CMAP for the Prediction of WMI

In evaluation of AUC for the prediction of WMI, BPD, CSOD1–14, and CMAPD1–14 

demonstrated similar moderate-to-good prediction (Table 3). Although a multivariate model 
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with all of these variables resulted in a higher AUC, there was no statistically significant 

difference between the AUC of the univariate and multivariate models (p=0.30). Using 

additional data to 28 days, CSOD1–28 and CMAPD1–28 had similar AUC to CSOD1–14 

and CMAPD1–14, respectively, which was the same pattern seen previously for prediction 

of BPD. There also was no statistically significant difference in AUC between univariate 

and multivariate (BPD, CSOD1–28, and CMAPD1–28) models including the data to 28 days 

(p=0.36), although the AUC from the multivariate model was higher than the univariate 

models. When compared directly, there was no difference between the multivariate models 

including CSO and CMAP over days 1–14 versus days 1–28 for the prediction of WMI (p= 

0.51).

Respiratory Precursors to BPD and Motor, Language, and Cognitive Performance

Follow-up was obtained as part of standard clinical care and available in 64/84 surviving 

infants (76.2%) at a median corrected age of 28.8 months (IQR 14.7, 31.6). Infants with 

follow-up had similar GA at birth (28.0 ±2.2 vs. 28.8 ±2.4 weeks, p=0.17) and a similar 

rate of moderate-to-severe BPD (34.4% vs. 25.0%, p=0.59) as those without follow-up. 

There were only 5 infants with moderate-severe WMI at follow-up, and all had non-cystic 

WMI. Rate of moderate-severe WMI was higher in those lost to follow-up (25.0% vs. 7.8%, 

p=0.053).

The mean Bayley-III composite scores for the cohort in motor, language, and cognitive 

domains were 99.8 ±15.0, 98.8 ±16.6, and 105.2 ±16.5, respectively, similar to population­

level means for the Bayley-III.(20) Univariate and multivariate analyses of the association 

of respiratory precursors to BPD with neurodevelopmental outcomes were performed (Table 

4). In univariate analysis, severe BPD was associated with lower motor performance (mean 

difference −15.6, 95% CI −29.9 to −1.2, p=0.03), but not language or cognitive performance. 

Higher CSOD1–14 was associated with lower motor scores, although this relationship did not 

reach statistical significance (mean difference −4.2, 95% CI −8.6 to 0.2, p=0.06). Higher 

CMAPD1–14 was significantly associated with higher language and cognitive scores, but 

the effect size was very small. Higher CSOD1–28 was also associated with decreased motor 

performance (mean difference −2.5, 95% CI −4.6 to −0.4, p=0.023), while CMAPD1–28 was 

not significantly associated with performance in any domain.

In a 14 day model adjusting for CSOD1–14, CMAPD1–14, WMI, moderate-severe IVH, and 

GA, severe BPD was independently associated with lower language scores (mean difference 

−23.1, 95% CI −45.4 to −0.7, p=0.043) but findings were not significant for motor 

or cognitive scores. Higher CSOD1–14 was significantly associated with lower language 

and cognitive scores (Language mean difference −11.0, 95% CI −19.8 to −2.2, p=0.015; 

Cognitive mean difference −9.8, 95% CI −18.9 to −0.7, p=0.035) while higher CMAPD1–14 

was independently associated with higher language and cognitive scores (Language mean 

difference 3.2, 95% CI 1.5 to 4.8, p<0.001; Cognitive mean difference 2.4, 95% CI 0.7 to 

4.1, p=0.008). In a similar 28 day model, severity of BPD was not significantly associated 

with any neurodevelopmental domain. Higher CSOD1–28 continued to have a small, 

significant effect on language and cognitive scores; there was no significant relationship 

between CSOD1–28 and motor performance. WMI was not associated with performance in 
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any domain for both univariate and multivariate analyses including respiratory precursors 

over days 1–14 or days 1–28.

Discussion

To our knowledge, neither cumulative supplemental oxygen nor cumulative mean airway 

pressure has been utilized previously to study white matter injury or neurodevelopmental 

outcomes in infants with BPD.(13) We found that CSO and CMAP, precursors of BPD, 

were, in fact, associated with the later determination of BPD. They both also moderately 

predicted the risk of WMI, as did BPD, and there was no difference in the strength of 

these predictions across days 1 to 14 or days 1 to 28. Respiratory precursors to BPD were 

independently associated with both language and cognitive performance on the Bayley-III at 

30 months corrected age. While the relationship between CMAP and language and cognitive 

performance was statistically significant, the effect size is small and unlikely to be of clinical 

significance. In contrast, higher cumulative oxygen exposure was independently associated 

with decreased language and cognitive performance, with a clinically meaningful effect size.

From previous research, it is well known that BPD is associated with adverse 

neurodevelopmental outcomes, and to date, there are no known modifiable predictors 

of adverse neurodevelopmental performance associated with BPD.(21) Although we 

hypothesized that WMI served as an important mediator between BPD and adverse 

neurodevelopmental performance, in our study, neurodevelopmental performance was not 

associated with WMI in either univariate or multivariate analysis. This may be due to low 

power for this analysis, but our data do suggest that CSO may serve as a plausible biological 

marker to identify high-risk subgroups of preterm infants with BPD who are at risk of both 

WMI and NDI.

Given BPD is a diagnosis that is assigned at 36 weeks PMA, precursor respiratory 

parameters, such as CSO and CMAP over the first 2–4 weeks of life, offer early predictive 

potential to identify infants who are at greatest risk for BPD, as well as both WMI and 

poorer neurodevelopmental performance. CSO and CMAP over the first 2 weeks of life 

perform as well as over the first 4 weeks of life for the prediction of WMI. The tradeoff 

of sensitivity versus specificity must be considered in future investigations of cut-offs for 

these respiratory parameters as biomarkers in consideration of interventions to interrupt 

the pathophysiology. Taken together, these respiratory precursors may offer an early tool 

to implement in future studies to optimize neurodevelopment and prevent BPD and its 

sequalae.

When considering whether CSO and/or CMAP could be potentially useful biomarkers or 

modifiable exposures, the interaction between brain and lung health must be considered. 

Studies have shown that BPD is associated with WMI,(22) in addition to abnormalities 

in white matter microstructure and volume, as well as delayed brain maturation.(23, 24) 

Hyperoxia is known to be detrimental in the pathogenesis of retinopathy of prematurity, 

and our data suggest that hyperoxia in the setting of chronic lung disease is associated with 

adverse neurodevelopmental outcomes independent of non-cystic WMI and IVH. This is 

supported by data from newborn rodents in which exposure to hyperoxia at a stage in brain 
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development analogous to preterm humans leads to widespread apoptosis in the cortex, basal 

ganglia, hypothalamus, hippocampus, and white matter.(25) Hyperoxia also leads to hypoxic 

chemosensitivity ablation and decreased carotid body afferents in rats, further contributing 

to impairment of the cerebral autoregulation mechanism of the developing brain.(26) In 

preterm infants, hyperoxia leads to reduced cerebral blood flow, an effect that can last two 

hours, even after a brief exposure to hyperoxia.(27) We suggest that future studies evaluating 

associations between BPD and white matter microstructure, as well as connectivity, in 

preterm infants, incorporate cumulative oxygen exposure as a potential mediator of these 

relationships.

In addition to oxygen management, which, depending on an infant’s oxygen saturation 

and underlying lung disease severity may not be immediately modifiable, lung ventilation 

strategies should be considered as potential modifiable interventions. The early application 

of non-invasive ventilation to provide continuous positive airway pressure has been shown 

to modestly reduce the combined outcome of death or BPD.(28) Invasive ventilation, in 

contrast, is known to cause significant pulmonary inflammation and lead to worsening lung 

disease.(29) This pulmonary inflammatory cascade can lead to systemic inflammation either 

with or without an underlying infection, which may contribute to preterm brain injury.(22) 

Maintaining adequate mean airway pressure, both invasively and non-invasively, is crucial 

to avoid ventilation-perfusion mismatch and to maintain appropriate cerebral perfusion. 

Too little mean airway pressure leads to ventilation-perfusion mismatch, atelectotrauma, 

hypoxia-hyperoxia swings, and worsening inflammation. Too much mean airway pressure 

can negatively impact the vulnerable preterm cerebrovascular autoregulation system, leading 

to decreased cerebral blood flow.(30) The differing roles of airway pressure may explain the 

small but significant positive effect size associated with language and cognitive performance 

and may provide an argument for continuous cerebral tissue oxygenation monitoring to 

titrate ventilation effect. Lastly, it is possible that CSO and CMAP are not themselves 

modifiable exposures that result in brain injury but instead are clinical biomarkers that 

reflect greater underlying illness severity and generalized immaturity.

Our investigation of the association of BPD and WMI with neurodevelopmental 

performance revealed an association of severe BPD with lower motor performance in the 

univariate, but not multivariate model, and of CSO with adverse language and cognitive 

performance at 30 months corrected age, independent of WMI and IVH on conventional 

MRI. These results are likely multifactorial. First, our results are consistent with other 

studies in which the sensitivity of MRI-detected WMI for motor and cognitive outcomes 

is relatively low.(31, 32) Our sample size is also small and only 5 babies had moderate­

severe WMI (and no cases of cystic WMI) at follow-up, which limited our power to 

detect associations with neurodevelopmental outcome. However, the small number of WMI 

cases may have allowed the statistical models to better discriminate additional contributing 

variables, such as CSO, since the models were not overwhelmed by the magnitude of 

the effects of WMI. Other authors have also shown that the volume and topology of 

WMI as well as grey matter injury are important determinants of outcome; however, 

we did not evaluate these parameters as the focus of our study was on the influence 

of respiratory precursors to BPD.(33) Given that cognitive and behavioral deficits far 

outnumber functional motor deficits due to cerebral palsy in the preterm population (25–
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50% vs. 5–10%), we may have been underpowered to detect associations of CSO with 

adverse motor outcome.(34) Finally, infants with abnormal MRIs may be more likely to 

receive early intervention services, mitigating the potential impact of WMI on observed 

neurodevelopmental performance.

Limitations to our study include a small sample size and relatively short follow-up period of 

30 months corrected age. Although there was variability in the timing of imaging obtained, 

WMI was assessed on MRI images obtained via standardized imaging protocols and all were 

reviewed by the same pediatric neuroradiologist. We focused on MRI images obtained ≥ 4 

weeks of age to standardize CSO exposure through 28 days of life. Although respiratory 

data were collected retrospectively, complete data were available in the electronic medical 

record and we used standardized time points for daily collection of respiratory parameters, 

which limited the bias of our data collection. It is important to note that while CSO 

reflects the amount of oxygen exposure delivered to the infant, it is unknown whether the 

increased CSO exposure was due to periods of hypoxia leading to increased FiO2 or periods 

of hyperoxemia as oxygen saturation and arterial partial pressure of oxygen values were 

not collected. Additionally, caffeine, the drug of choice to treat apnea of prematurity, is 

known to reduce exposure to positive pressure ventilation and supplemental oxygen(35), 

but information on the dose and duration of treatment was not collected for this study. Our 

unit standard is routine, early administration of caffeine, limiting concern for differential 

rates of exposure by BPD severity. Given the observational study design however, residual 

confounding cannot be excluded. Because of the sample size, we were unable to conduct 

subgroup analyses by clinical characteristics, such as small for gestational age or postnatal 

steroid exposure. Lastly, follow-up data, which was collected by unblinded clinicians, was 

missing for 23.8% of our cohort. Infants missing follow-up had similar GA and similar 

rates of moderate-to-severe BPD. Though it did not reach statistical significance, there were 

higher rates of moderate-severe WMI in those lost to follow-up, suggesting that the potential 

impact of loss to follow-up is an underestimation of the effect size of CSO and CMAP in 

this cohort.

In summary, respiratory precursors to BPD perform as well as BPD for the prediction of 

WMI in preterm infants, and increased cumulative supplemental oxygen exposure over the 

first 14–28 days is associated with worse language and cognitive performance. These data 

suggest that respiratory status importantly influences risk of adverse neurodevelopmental 

outcomes, independent of WMI, with effects potentially as early as 14 days of age. Future 

studies are needed to better understand the influence of respiratory status on brain health, 

and whether interventions to improve respiratory status may improve neurodevelopment in 

the vulnerable preterm population.
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Impact

• Respiratory precursors to bronchopulmonary dysplasia (BPD), cumulative 

supplemental oxygen and mean airway pressure, over the first 14–28 days 

performed as well as BPD for the prediction of white matter injury on MRI in 

preterm infants.

• Cumulative supplemental oxygen was independently associated with lower 

language and cognitive performance on the Bayley-III at 30-months adjusted.

• These data suggest that early respiratory status may help explain why BPD 

is independently associated with adverse neurodevelopmental outcomes in the 

preterm population and highlights the importance of interventions targeting 

respiratory status as a potential avenue to improve neurodevelopmental 

outcomes.
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