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Abstract

Recent clinical trials have shown improvements in neonatal outcomes after
intratracheal administration of combination budesonide/surfactant (ITBS) in
infants at risk of bronchopulmonary dysplasia. However, the effect of ITBS on lung
function and alveolar structure is not known. We aimed to determine the effect of
ITBS on lung function, parenchymal structure and inflammatory cytokine
expression in a relevant preterm animal model for bronchopulmonary dysplasia.
Premature neonatal rabbits were administered a single dose of ITBS on the day of
delivery and exposed to 95% oxygen. Following seven days of hyperoxia, in vivo
forced oscillation and pressure-volume maneuvers were performed to examine
pulmonary function. Histological and molecular analysis was performed to assess

alveolar and extracellular matrix (ECM) morphology, along with gene expression

of connective tissue growth factor (CTGF), IL-8 and CCL-2. ITBS attenuated the

functional effect of hyperoxia-induced lung injury and limited the change to

respiratory system impedance, measured using the forced oscillation technique.
Treatment effects were most obvious in the small airways, with significant effects

on small airway resistance and reactance. Additionally, ITBS mitigated the

decrease of inspiratory capacity and static compliance. ITBS restricted alveolar

septal thickening without altering the mean linear intercept and mitigated

hyperoxia-induced remodeling of the ECM. These structural changes were

associated with improved inspiratory capacity and lung compliance. Gene

expression of CTGF IL-8 and CCL-2 were significantly down regulated in the lung.

Treatment with ITBS shortly after delivery attenuated the functional and
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structural consequences of hyperoxia-induced lung injury to day 7 of life in the

preterm rabbit.
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Introduction

Prematurity along with lung inflammation are central to the development of
bronchopulmonary dysplasia (BPD) (2, 23, 24) . Premature infants are born prior
to the functional maturation of the respiratory system and regularly develop
respiratory distress. These infants frequently require supplemental oxygen and
mechanical ventilation, both of which can increase lung inflammation and the risk

of BPD (17).

Treatment options to prevent the development of BPD are limited (26). While high

dose systemic steroids can decrease lung inflammation and the risk of BPD,

increased risk of neurocognitive injury and systemic side effects have limited their

use (11). Intratracheal steroid therapy is an emerging therapy that can be

combined with exogenous surfactant administration to directly target the lung
and avoid systemic effects (22). Intra-tracheal surfactant supplementation is
commonly used in preterm infants with respiratory distress and provides an
opportunity to use surfactant as a vehicle to deliver steroids to the peripheral lung.
Budesonide combined with surfactant can modify or prevent pulmonary
inflammation (3, 14, 15, 19, 20). Budesonide does not alter the biophysical
properties of surfactant and has the additional benefits of prolonged pulmonary

effect and rapid clearance of systemically absorbed drug (6, 19, 25).

Data on effectiveness of intratracheal steroid therapy to decrease the rate of BPD

are sparse. Clinical studies are limited to a single randomized control trial and a

single observational study examining intratracheal budesonide combined with

surfactant. These studies have demonstrated the combination of intratracheal
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budesonide (0.25mg/kg) and surfactant (100mg/kg) to decrease the incidence
and severity of BPD in mechanically ventilated children (21, 37). Supporting
evidence of the pulmonary benefits of intratracheal budesonide/surfactant (ITBS)
has come from animal models. ITBS has been found to acutely improve gas

exchange and limit lung and systemic inflammation (20, 27). However, due to

limited lung function and structure data, the effect of ITBS on the preterm lung is

not yet fully understood. Whether the acute changes seen with ITBS have a lasting

effect on lung function and structure is yet to be determined.

This paper demonstrates that a single prophylactic treatment with ITBS has

beneficial effects on the preterm lung exposed to hyperoxia. ITBS attenuated the

functional and structural consequences of hyperoxia-induced lung injury and

limited lung inflammation to day 7 of life.

Material & Methods

Experiments were approved by the Ethics committee for Animal Experimentation
of KU Leuven (P081/2017) and performed in agreement with Directive
2010/63/EU concerning the protection of animals used for scientific purposes and
the Declaration of Helsinki on animal use in biomedical research. An overview of

the study design is given in figure 1.

Animal protocols: Time mated New Zealand White-Dendermonde hybrid rabbits

were provided by the KU Leuven animal facility and housed in a temperature-
controlled environment. Pups were delivered via Caesarean section on day 28 of

gestation (term of 31 days) and placed in hyperoxia (95% 02) for the first hour of
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life. Surviving pups were randomized to normoxia (21% Oz, N), hyperoxia (95%
02, H) or hyperoxia plus intratracheal budesonide/surfactant (ITBS) and housed
in a custom humidity- and temperature-controlled incubator (Okolab, Pozzuoli,
Italy). Pups were manually fed twice daily via an orogastric tube with stepwise
increased volumes of milk (Day One®, Protein 30%, Fat 50%; FoxValley, Illinois,
US) supplemented with probiotics (Bio-Lapis®; Probiotics International Ltd,
Somerser, UK) and immunoglobulins (Col-o-Cat®, SanoBest, Hertogenbosch,
Netherlands). Pups received a single dose of vitamin K1 (0.25 mg/kg BW,
Konakion pediatrique®; Roche, Basel, Switzerland) intramuscularly on day 2.

Intratracheal drug delivery: Intratracheal injections were performed as

previously described (30). Briefly, pups were anesthetized with isoflurane (2.5%;
ISO-VET; EuroVet, Heusden-Zolder, Belgium) and the trachea transcutaneously
cannulated with a 26 gauge catheter. Movement of fluid in the catheter with
spontaneous respiration confirmed intratracheal placement, and an intratracheal
injection with 1.25 ml/kg porcine derived surfactant (poractant alfa, Curosurf®,
Chiesi Farmaceutici, Parma, Italy) mixed with 0.25 mg/kg budesonide
(Pulmicort® 0.25 mg/ml, AstraZeneca, Cambridge, UK) performed. Following
intratracheal injection, pups were returned to hyperoxia.

Pulmonary function testing (PFT): In vivo PFT was performed on day 7 using the
FlexiVent system with FlexiVent module 2 (FlexiVent 8.0; SCIREQ, Montreal,
Canada) as previously described (28). Pups were ventilated at a rate of 120
breaths/min, tidal volume 8ml/kg, with a PEEP 3cmH20. Pressure volume and
forced oscillation PFT were performed following a recruitment maneuver to
ensure lungs were fully inflated at the time of testing. A series of PFT were

performed as follows, inspiratory capacity, single frequency oscillation (Snapshot
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150: a single frequency measurement at 2.5 Hz), broadband oscillation maneuver
(Primewave 8: measuring respiratory impedance from 0.5 Hz to 19.5 Hz) and a
pressure-volume-maneuver (PVr-P: continuous increase of airway pressure to 10
cmH20). Small airway resistance and reactance was calculated as the difference in
resistance between the lowest and highest frequencies tested in the primewave 8
broadband forced oscillation maneuver (Zr0.5- Zr19.5, Zx0.5- Zx19.5 respectively)
(13). PFT maneuvers were repeated in triplicate and the mean calculated. PFT
with a coefficient of determination <90% were excluded and the maneuver
repeated following a recruitment maneuver.

Alveolar morphology: Following lung function testing, lungs were excised en-bloc

and pressure-fixed with 4% paraformaldehyde at 25 cmH20 hydrostatic pressure
as previously described (28). Paraffin sections of 5um thickness were stained with
hematoxylin and eosin and scanned using a high-throughput slidescanner (Axio
Scan® Slide Scanner, Zen Zeiss, Oberkochen, Germany). An in-house programmed
Image] algorithm was used to select 20 random fields (500pmx500um) per lung
and calculate mean linear intercept (Lm), mean linear intercept of the alveolar
airspace (Lma, reflecting size of the airspace) and mean transactional wall length
(Lmw, reflecting alveolar septal thickness) semi-automatically (29). Radial

alveolar count (RAC) was performed 20 times per lung (8). Parenchymal tissue

and collagen content was assessed using digital image analysis on Sirius Red

stained slides examining 20 random fields (500umx500um) perlung (32).A single

blinded observer performed all histological evaluation.

Quantitative Real-Time PCR: Expression of CCL-2, IL-8, connective tissue growth

factor (CTGF) mRNA was performed on whole lung homogenate and corrected to
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the house-keeping gene HPRT as described previously (32). Male sex was

identified by detection of the SYR-gene (34). Primer sequences can be found in

supplementary table ( ).

Statistical Analysis: Analysis was performed using GraphPad Prism 8.0 software

(LaJolla, California, USA). Groups were compared by 1-way ANOVA with Dunnett’s
post hoc test (normoxia v hyperoxia; hyperoxia v hyperoxia plus intratracheal
budesonide/Surfactant), unless stated otherwise. Gene expression analysis was
performed using the AACT method, with statistical analysis performed on AACT

and fold change used for visualization. A p-value <0.05 was considered significant.

Results

Hyperoxia exposure leads to growth restriction: the mean birth weight of pups was

34.8g with no statistically significant difference in birth weight between groups.
Hyperoxia exposure restricted growth and by day 7 of life pups reared in
hyperoxia had significantly lower body weight (p<0.001) and proportional
growth (p<0.001)(see supplementary data table 2

). ITBS pup had significantly
higher body weight by D7 of life compared to hyperoxia (p<0.05). Survival was

similar in all groups.

ITBS limits hyperoxia-induced decline of lung function: hyperoxia exposure led to a

significant decline in lung function (table 1, figure 2,3). Forced oscillation (FOT)
PFT demonstrated hyperoxia to significantly alter both the resistance (p=0.0001)
and reactance (p<0.0001) of the lung (figure 2). Of note, small airway resistance

(ZrO.5- Zr19.5) and reactance (Zx0.5- Zx19.5) were both significantly altered by


https://figshare.com/s/398690bae2239e4ea497
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hyperoxia. Pressure-volume (PV) PFT showed hyperoxia exposure decreased
inspiratory capacity (p<0.0001) and static compliance (p<0.0001), while static
elastance was increased (p<0.0001) (figure 3). PV curves were flattened, and

hysteresis significantly decreased by hyperoxia (p<0.0001).

A single dose of ITBS mitigated the hyperoxia-associated lung function decline in
both FOT-PFT and PV-PFT (table 1, figures 2,3). FOT based tests demonstrated
both respiratory system resistance (p<0.001) and reactance (p<0.001) to benefit
from ITBS. Additionally, hyperoxia associated disruption of small airway
resistance and small airway reactance was mitigated by ITBS (p<0.001).
Inspiratory capacity (p<0.05) and static elastance (p<0.05) were significantly

increased compared to hyperoxia.

ITBS attenuates hyperoxia-induced alveolar injury: To evaluate the influence of

hyperoxia on lung development we examined alveolar morphology. Hyperoxia
exposure increased both the mean linear intercept, representing alveolar size
(Lm)(p<0.05), and mean transectional wall length, representing alveolar wall
thickness (Lmw) (p<0.0001) (figure 4, supplementary table 3

). Additionally the RAC was

decreased by hyperoxia (p=0.004)(supplementary data, table 3). The mean

alveolar airspace (Lma) was not affected by hyperoxia. These findings indicate

hyperoxia-exposure to increase the alveolar size by thickening the alveolar wall

and not by increasing the alveolar airspace. The increase in Lmw and decrease in

RAC was tempered by ITBS (p<0.01, p=0.01 respectively)(figure 4, supplementary
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data, table 3). Overall alveolar size (p=0.63) and alveolar airspace (p>0.99) were

unaffected by ITBS.

ITBS mitigates hyperoxia-induced remodeling of the extracellular matrix: hyperoxia

exposure led to significant remodeling of the extracellular matrix of the lung. Total

tissue content (p=0.03), total collagen content (p<0.0001) and the collagen:tissue

ratio (p<0.0001) of the parenchyma were increased by hyperoxia exposure (figure

5). Treatment with ITBS was associated with significantly less parenchymal

remodeling. Tissue content (p<0.05), collagen content (p=0.006) and

collagen:tissue ratio (p=0.03) were all lower in the ITBS group than in hyperoxia.

ITBS minimizes hyperoxia-associated induction of acute phase response genes: to

evaluate the acute phase response of the lung to hyperoxia we analyzed the gene
expression of CTGF, CCL-2 and IL-8 in the lung. Hyperoxia led to a significant

increase of gene expression of CTGF (p<0.05), CCL-2 (p<0.0001) and IL-8

(p<0.001) on day 7 of life. ITBS blunted the expression of CTGF (p<0.05), CCL-2

(p<0.001) and IL-8 (p<0.01) on day 7 (figure 4, 5).

Discussion:
We demonstrate intratracheal budesonide/surfactant (ITBS) to limit hyperoxia-
associated lung injury in a preterm model of bronchopulmonary dysplasia. ITBS

mitigated hyperoxia-induced loss of lung function, attenuated the disruption of

parenchymal structure and limited the mRNA expression of CTGF, CCL-2 and IL-8

to day 7 of life.
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To evaluate the effect of hyperoxia and ITBS on lung function we performed both
forced oscillation (FOT) and pressure-volume (PV)-based pulmonary function

tests (PFT). Hyperoxia significantly altered small airway function along with distal

tissue mechanics, while central airway function was unaffected. PV-PFT

demonstrate that hyperoxia exposure results in restrictive lungs. A single dose of

ITBS limited the hyperoxia-associated loss of lung function. FOT-PFT revealed

ITBS to significantly improve small airway function, decreasing small airway

resistance and increasing small airway reactance. The improvement in small

airway function by ITBS has not previously been described. Additionally, tissue

mechanics of the peripheral lung, inspiratory capacity, static elastance and PV-

curves were significantly improved.

Short-term animal experiments have previously demonstrated ITBS to improve ex
vivo lung compliance, respiratory physiology and decrease lung injury (20, 27).
However, there are no other data on the effect of ITBS on in vivo lung functions in
either animal or human clinical trials. Whether the improvements in small airway
function and inspiratory capacity by ITBS leads to improvement in the obstructive

and restrictive lung disease of BPD survivors remains to be seen (33).

The FOT-PFT findings are especially relevant to modern neonatology. Forced
oscillation lung function testing is becoming available for clinical use in neonates
and can discriminate between healthy infants and those with pulmonary
conditions such as transient tachypnea of the neonate (18). While not readily
available, infant FOT would allow clinicians to evaluate the response of infants to

respiratory therapy and identify those in need of additional treatment.
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Similar to the disruption of lung function, hyperoxia exposure significantly

disrupted the structure of the lung parenchyma. Alveolar structure, total lung

tissue, lung collagen and collagen:tissue ratio were significantly altered. These

structural changes led to functional consequences, such as decreased static lung

compliance. Hyperoxia-associated parenchymal disruption and altered alveolar

morphometry has been described in infants who demised from BPD as well as in

animal models (9, 16, 28). However, to our knowledge this is the first correlation

of altered alveolar structural to disrupted lung function in BPD.

ITBS administration minimized the disruption of hyperoxia-associated structural

remodeling of the parenchyma. Following ITBS, pups exposed to hyperoxia had

significantly less disruption of alveolar development and remodeling of the

extracellular matrix. Additionally, we could correlate the limited disruption of

lung development with improved lung function. Interruptions of alveolar
development and lung fibrosis are key findings in BPD and therapy that minimizes

disruption of normal parenchymal development is critically important. Early

prophylactic therapy with prolonged structural effect on the lung could allow BPD
survivors to reach their full lung function potential and prevent a premature

decline in lung function.

Though the pathophysiology of BPD and preterm lung injury is not fully

understood, inflammation plays a central role in disrupting lung development and

the development of BPD (24). Prior transcriptome analysis of the hyperoxia

preterm rabbit model of BPD has identified CCL-2 and IL-8 to be the key
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inflammatory mediators (31). Similar to our findings, human and animal studies

have described elevated CCL-2 and IL-8 to be associated with the development

and severity of BPD and found intratracheal budesonide plus surfactant to

decrease IL-8 in the lung (19, 24, 35, 37).

We speculate that the benefit of ITBS is potentially related to the attenuation of

hyperoxia-associated CTGF gene expression in the lung. Hyperoxia induces CTFG

gene expression leading to parenchymal remodeling and loss of lung function. By

attenuating the induction of CTGF expression, ITBS tempers the functional and

structural consequences of hyperoxia exposure. Similar to our findings, increased

CTFG expression has been linked to disrupted lung development, remodeling of

the ECM, and induction of lung inflammation and IL-8 production(5, 7, 36, 38).

Furthermore, increased CTGF expression has been found in the lungs of neonates

with BPD (1). However the beneficial effect of ITBS may not be universal, as ITBS

did not alter CTGF or IL-8 expression in acute ventilator associated lung injury in

fetal lambs (20).

The decrease of CTGF, IL-8, and CCL-2 gene expression to day 7 of life is likely due

to the pulmonary pharmacokinetics of budesonide. Budesonide is conjugated to

intracellular fatty acid esters, in the airway which are gradually hydrolysed and

then slowly released as free budesonide, extending the effect of a single

administration (25). The extended suppression of lung inflammation by ITBS has

been demonstrated in preterm infants (37). However there are contrasting

results on the extended availability of budesonide esters in the lung. Despite

significant improvement in lung function and decreased lung inflammation
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relatively little budesonide esters were found in the lungs of preterm lambs 6

hours after intratracheal the administration of intratracheal budesonide-

surfactant (14). Although the mechanism of the prolonged effect of intratracheal

budesonide remains uncertain, it's effect is attractive for the treatment of ill

neonates, as a single dose can have a lasting effect avoiding the need for repeated

airway manipulation.

Our study was able to combine prematurity with extensive in vivo lung function
testing and alveolar structure evaluation. Additionally, we were able to evaluate
the effect of ITBS beyond the acute response following administration. Limitations
of the model include the single duration and concentration of oxygen used and the
limited molecular and mechanistic insights possible in the rabbit. To limit the
animals used we chose not to include groups treated with surfactant-alone or

budesonide-alone nor did we examine the effect of ITBS in the absence of

hyperoxia exposure.

Effective therapy to prevent the development of BPD following preterm birth is
required. Once established, there is limited therapy for treatment or evidence to
guide the management of BPD (12). Infants with BPD fail to reach their full lung
function potential, and have diminished lung function throughout life potentially
resulting in the early onset of COPD (4, 10). Treatment that improves small airway
function may have lifelong advantages and limit the development of COPD.
Targeted steroid delivery to the lung via intratracheal administration potentially
limits or prevents the off-target side effects of systemic steroids while maintaining

its advantageous effect on the lung. The co-administration of budesonide with
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surfactant to preterm infants with respiratory failure is an attractive treatment
strategy to prevent the development of BPD in these high-risk infants. Qur study

demonstrates that ITBS attenuated hyperoxia induced lung injury in the absence

of mechanical ventilation and indicates that premature infants exposed to

supplemental oxygen may benefit from ITBS. It remains unclear whether ITBS

offers benefit in moderate levels of hyperoxia or in normoxic conditions. Future

animal studies examining the effect of ITBS in moderate levels of hyperoxia, and

clinical studies of premature infants exposed to supplemental oxygen and non-

invasive ventilation will be of great interest in the search for interventions to limit

the development of BPD.

Conclusion:
Intratracheal budesonide-surfactant on the day of birth limits hyperoxia-

associated disruption of lung function and structure in a preterm model of BPD. A

single dose of budesonide-surfactant attenuated the functional and structural

consequences of hyperoxia-induced lung injury.
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Figure legends:

Figure 1: Study design. A C-section was performed on day 28 of gestation and

pups were randomized to normoxia, hyperoxia, hyperoxia plus intratracheal

budesonide-surfactant. Hyperoxia-exposed rabbits were either treated with

intratracheal Budesonide/Surfactant (Hyperoxia-ITBS) or left untreated

(hyperoxia). After seven days, pups were sacrificed and pulmonary function

testing was performed. Organs were harvested for histological and molecular

C-section
D28 D31
}_ ............ Froveeeeeneenen Day 7 outcome measures
00 +——f—t—e—tq o7 Pulmonary function testing
- Pressure-volume
woxia Forced oscillation
Histology
Alveolar morphology
Airway smooth muscle content
Respiratory epithelial height
Extracellular matrix
c D Water trap
Expiratory limb
100 == Normoxia E
—ee
=4= Hyperoxia -
= <4« H-CPAP H
.; T H-CPA! i @_‘
[ H v\
S 504 g (~<, C |
g * D
@ £
s
—
¢
Inspiratory limb

Heating,
" Humid fication
Days survival



532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

Figure 2: Intratracheal Budesonide/Surfactant mitigates hyperoxia-induced lung
function changes in premature rabbit pups exposed to hyperoxia particularly at
the level of the small airways on day 7. a) Respiratory impedance measured using
the forced oscillation technique with pseudo-random oscillations over a range of
0.5 to 19.5 Hz depicting the real (i.e. resistance) and imaginary (i.e. reactance) part
of the impedance; b) Small airway resistance and reactance determined by
subtraction of highest-frequency impedance (Z (19.5 Hz)) from lowest-frequency
impedance (Z (0.5 Hz)) measurement. Data are presented as mean * SD, n=8-9
per group. N: normoxia; H: hyperoxia; H-BS: Hyperoxia + Budesonide/Surfactant.
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Figure 3: Intratracheal Budesonide/Surfactant ameliorates pressure-volume-

based parameters after seven days of hyperoxia in preterm rabbits. a) Pressure-
volume loops; b) weight-corrected static compliance; c¢) weight-corrected

inspiratory capacity. Data are presented as mean * SD, n=8-9 per group. N:



547  normoxia; H: hyperoxia; H-BS: hyperoxia + Budesonide/Surfactant; Vrr: tracheal

548 volume; Prr: tracheal pressure; Cst: Static compliance (weight-corrected). *:

549  p<0.05; ****: p<0.0001
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551 Figure 4: Intratracheal delivery of Budesonide/Surfactant mitigates hyperoxia-
552  induced alveolar septal thickening and is associated with downregulation of
553 inflammatory cytokines. a) Mean linear intercept (Lm); b) Mean transsectional
554  wall length (Lmw); c) structure-function correlation (Pearson) between Lmw and
555  weight-corrected static compliance; d) representative images of H&E-stained lung
556 slides; e-f) Fold change in mRNA expression of e) CCL-2 and f) IL-8. Data are
557 presented as mean * SD, n=7-9 per group. N: normoxia; H: hyperoxia; H-BS:
558 hyperoxia + Budesonide/Surfactant; Lm: mean linear intercept; Lmw: mean
559 transsectional wall length; Cst: static compliance (weight-corrected). Scale bar =

560 50 pum.st: p<0.05; **: p<0.01; ***: p<0.001; ****: p<0.0001.
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Figure 5: Intratracheal Budesonide/Surfactant limits hyperoxia-induced
parenchymal remodeling. a) Fold change of connective tissue growth factor is
tempered gene expression b) Total lung collagen content c) Lung collagen:tissue
ratio d) Representative images of Sirius Red stained lungs Data are presented as
mean *= SD, n=6-9 per group. N: normoxia; H: hyperoxia; H-BS: Hyperoxia +

Budesonide/Surfactant. *p<0.05 **p<0.01 ****: p<0.0001.



569

570

571

572

573

574

575

576

577

578

CTGF Total collagen (picosirius) Collagen:tissue

[ E e —" 0.20- 109
— o, W * *
0.154 x x 0.8+ !f - 4
S 2 i ﬂ%
] 0.6-
5 £ o410 N g
= % > > 04- =
w T x x¥x il
Py 005 x 02 IP
i xX
T 0.00—F—T—1— 0.0-—F—T—T1—
N H HBS N H HBS N H HBS

Normoxia Hyperoxia ITBS

Table 1: Intratracheal Budesonide/Surfactant attenuates hyperoxia-induced lung
injury in preterm rabbits; Overview of lung function parameters. Data are
presented as mean * SD, n=8-9 per group. Statistical analysis one-way ANOVA
with correction for multiple comparison (Dunnett’'s test) N: normoxia; H:

hyperoxia; ITBS: hyperoxia +budesonide/surfactant.

Table 1. Effect of hyperoxia and CPAP on pulmonary function tests in a hyperoxia preterm rabbit model of BPD

Hvs. N H-CPAP vs. H
Normoxia Hyperoxia P Value H-CPAP P Value
Pressure-volume-based pulmonary function tests
Inspiratory capacity, mL/kg 66.15 = 11.62 46.7 + 0.58 P < 0.001 4653 = 8.16 P=099
Static compliance, emH20-mE— kg5 2.29 + 0.51 147 £ 0.72 P <0001 1.37 = 036 P =083
Static elastance, cmH20-mL~"kg 046 = 011 0.82 =033 P =0.001 075025 P =068
Forced oscillation-based pulmonary function tests
Tissue damping. cmH,0/mL 1.90 = 048 3.08 = 1.01 P < 0.0001 2.48 = 0.66 P =004
Tissue elastance, cmH-0/mL 645 = 1.44 114 =354 P < 0.0001 925 =211 P=003
Central airway resistance, cmH20-mL ™5 0.12 = 0.05 0.15 = 0.05 P =008 012 =004 P=10.10
Respiratory system resistance, cmH20-mL™"s 0.33 £ 0,06 054 =016 P = 0.0001 043 =011 P =002
Dynamic elastance, cmH,O/mL 634+ 1.75 12.99 + 4.57 P < 0.0001 1048 = 2.78 P =006
Dynamic compliance, mL/cmH,;0 0.16 = 0.04 0.088 = 0.03 P < 0.0001 0.10 = 0,02 P=03

Values are means = SD. Pressure-volume [normoxia (N). n = 15 pups: hyperoxia (H), n = 23 pups; hyperoxia plus continuous positive airway pressure
(H-CPAP), n = 17 pups] and forced oscillation (normoxia, n = 15 pups; hyperoxia, n = 22 pups; H-CPAP, n = 17 pups) tests were performed on day 7 of
life following preterm delivery. BPD. bronchopulmonary dysplasia. P values were adjusted for multiple comparisons (Sidak).
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