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Abstract

Objective: To describe effectiveness of repeat dexamethasone for bronchopulmonary dysplasia (BPD) and to evaluate
adverse effects on growth.

Study design: Retrospective study of infants treated with 1 or 2 courses of dexamethasone for BPD. Effectiveness was
defined as successful step-down in respiratory support by end of treatment. Adverse effects on growth were analyzed and
compared to untreated controls.

Results: A total of 132 dexamethasone-treated infants were identified. In total, 52% (69/132) of infants treated with initial
dexamethasone achieved step-down in respiratory support compared to 38% (20/52) of infants with repeat dexamethasone.
Growth trajectory did not significantly differ among infants treated with 1 or 2 courses of dexamethasone compared with
controls (weight: P = 0.23, length: P = 0.68, and head circumference: P =0.77).

Conclusions: Repeat dexamethasone for BPD was less effective in weaning respiratory support compared to initial course.
Changes in growth parameters to discharge were comparable between controls and infants treated with 1 or 2 dexamethasone

courses.

Introduction

Preterm infants who remain ventilator-dependent for 2 or more
weeks are at high risk for developing bronchopulmonary
dysplasia (BPD)—a form of chronic lung disease of prematurity
with significant morbidity and mortality [1, 2]. Postnatal ster-
oids (PNS) such as dexamethasone are powerful anti-
inflammatory agents that have been shown to improve lung
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function, facilitate extubation, and decrease rates of BPD [3-6].
While the routine use of PNS in preterm infants is not advised
because of harmful effects to the developing brain [7-9], a
selective approach has been recommended that limits treatment
to high-risk infants who remain chronically ventilated [10].
Meta-regression analysis of randomized trials indicates that
such a targeted approach shifts the risk-benefit profile of PNS
toward more benefit [11, 12].

The effectiveness of a single course of PNS to improve lung
function and facilitate extubation can vary widely. Data from
randomized controlled trials indicate that as many as 24% to
53% of treated infants fail to extubate following the first course
of steroids [13-19]. In some of these trials, treatment with a
repeat or rescue course of open-label steroids for study infants
who remain chronically intubated has been described. The
safety and effectiveness of repeat courses of PNS, however,
have not been adequately defined.

In our practice, infants who failed to extubate after the first
course of PNS are often considered for a repeat course if their
lung disease remains substantial (i.e., unable to wean from
mechanical ventilation or high non-invasive ventilation set-
tings). In this study, we aimed to describe the rate of successful
step-down in respiratory support (i.e., invasive ventilation to
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Table 1 ~Base1me demographics Controls Steroid Comparison of steroid-treated
and clinical outcomes of the .
. N=147 treated infants
study population. N=132
1 course 2 courses P value
N=280 N=52
Gestational age, weeks 26.8+1.9 252+1.6 25113 254+2.0 0.38
Birth weight, grams 946.0 + 726.8+190.6 737.6x 7103 0.42
270.6 186.2 198.0
Male sex 76 (52) 92 (70) 54 (68) 38 (73) 0.50
Race® 0.35
White 77 (52) 58 (44) 37 (46) 21 (40)
Black 40 (27) 50 (38) 32 (40) 18 (35)
Hispanic 19 (13) 12 (9) 6 (8) 6 (12)
Small for gestational age 14 (10) 24 (18) 10 (13) 14 (27) 0.04
Apgar <5 at 1 min® 106 (72) 114 (86) 73 91) 41 (79) 0.12
Apgar <5 at 5 min® 59 (40) 54 (41) 35 (44) 19 37) 0.50
Twin gestation 44 (30) 34 (26) 15 (19) 19 (37) 0.02
Caesarian delivery 102 (69) 96 (73) 57 (71) 39 (75) 0.63
Use of antenatal steroids® 112 (76) 101 (77) 58 (73) 43 (83) 0.34
Surfactant therapy 141 (96) 128 (97) 79 (99) 49 (94) 0.14
Outcomes?
Death 3(2) 12 (9) 6 (8) 6 (12) 0.54
Severe BPD 58 (40) 93 (78) 55 (74) 38 (83) 0.02
Culture-proven sepsis 36 (25) 58 (48) 35 (47) 23 (50) 0.85
Medical or surgical necrotizing 25 (17) 19 (16) 12 (16) 7 (15) 1.0
enterocolitis
Patent ductus arteriosus ligation 26 (18) 32 (27) 16 (22) 16 (35) 0.14
Periventricular leukomalacia or 45 (31) 41 (34) 29 (39) 12 (26) 0.23
severe intraventricular hemorrhage
(grade 3 or 4)
Retinopathy of prematurity 25 (17) 30 (25) 20 (27) 10 (22) 0.67
requiring treatment
Tracheostomy 503) 13 (11) 2 (3) 11 (24) <0.001
Gastrostomy tube 28 (19) 48 (40) 22 (30) 26 (57) 0.004
Length of stay, days 100.8+33.5 162.6+87.6 149.0+ 184.6 = 0.03
98.9 60.3

Data are presented as means + standard deviation or counts (percentages).

11 infants did not have data on maternal race.

®7 infants did not have data on Apgar scores.

‘1 infant did not have data on antenatal steroid.

dBecause death is a competing outcome, the 12 infants who died were excluded from the analysis of other

clinical outcomes.

non-invasive ventilation, non-invasive ventilation to nasal
cannula) after treatment with first and second courses of PNS
for BPD and explore potential adverse effects of repeat PNS
treatment on growth.

Subjects and methods

This 10-year retrospective cohort study was conducted in the
regional level IV neonatal intensive care unit at Children’s

Mercy Kansas City (CMKC) in Kansas City, MO, between
January 2010 and December 2019. De-identified data for the
study were obtained from the Infant Pulmonary Data Reposi-
tory of the Center for Infant Pulmonary Disorders at CMKC
with approval by the local Institutional Review Board.

Study population

We included preterm infants born at <30 weeks gestation who
received treatment with 1 or 2 courses of PNS for BPD in the
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Fig. 1 Flowchart showing
outcomes of infants treated
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8 eventually weaned to NC
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study. A cohort of infants <30 weeks of gestation who did not
receive PNS treatment for BPD during their clinical course
served as controls. Infants who received additional systemic
steroids for reasons other than BPD-such as for adrenal
insufficiency or for airway edema-remained eligible for
inclusion.

Use of PNS for BPD

During the study period, the decision to treat preterm infants
with PNS for evolving BPD was at the discretion of the neo-
natologist. Our general practice is to limit the use of PNS to
preterm infants at high risk for developing BPD as per the most
recent recommendations by the American Academy of Pedia-
trics [10]. Typically, preterm infants selected for their first
course of PNS treatment included those who remain on inva-
sive ventilation for more than 2 weeks of life on moderate to
high ventilator settings. A standardized dosing regimen of low-
dose dexamethasone (0.89 mg/kg weaned over 10 days as per
Dexamethasone: A Randomized Trial or a modified regimen of
0.72 mg/kg weaned over 7 days) was used whenever the
decision is made to treat with PNS [19, 20]. In selected cases,
the second course of PNS may be considered at the discretion
of the treating neonatologist for infants who remained on
invasive ventilation despite first steroid treatment or who were
in high non-invasive ventilation settings.

SPRINGER NATURE

Outcomes and variables

The primary outcome was rate of successful step-down in
respiratory support (i.e. invasive ventilation to non-invasive
ventilation; non-invasive ventilation to nasal cannula) at the
end of PNS treatment. Our secondary outcome was growth
trajectory in the NICU, which was assessed by comparing
birth and discharge weight, length, and head circumference
z-scores as calculated using the Fenton 2013 Preterm
Growth Chart for infants with postmenstrual age (PMA) <
50 weeks and the World Health Organization Growth
Standard for infants >50 weeks PMA [21, 22]. Data were
also collected on maternal and infant demographics, base-
line clinical characteristics at the start of PNS treatment, and
major clinical outcomes including death, severe BPD
defined as oxygen need >30% or positive pressure ventila-
tion at 36 PMA [23], sepsis, necrotizing enterocolitis,
severe intraventricular hemorrhage, periventricular leuko-
malacia, retinopathy of prematurity requiring treatment,
tracheostomy, gastrostomy tube placement, and length
of stay.

Statistical analysis

Descriptive statistics such as mean and standard deviations,
median and interquartile ranges, and proportions were used
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Table 2 Characteristics of

. . . First dexamethasone course Second dexamethasone course
intubated infants at time of
treatment with first or second Successfully  Not P value Successfully Not P value
course of dexamethasone. extubated successfully extubated successfully
(N=69) extubated (N=12) extubated
(N=163) (N=22)

Age at treatment, days 371.5+17.4 358+19.0 0.59 70.8+25.4 73.2+26.0  0.80
PMA at treatment, weeks 30.6 +2.7 302+3.5 0.45 347+3.8 36.7+4.8 0.20

Dexamethasone course 1.0 1.0
7 days 34 (49) 31 (49) 6 (50) 10 (45)
10 days 35 (51) 32 (51 6 (50) 12 (55)
Respiratory support <0.001 0.44
HFOV 26 (38) 47 (75) 6 (50) 8 (36)
CvV 43 (62) 16 (25) 6 (50) 14 (64)
MAP 11.7£2.7 13.7+£25 <0.001 13.5%2.1 15.0+£3.3 0.20
FiO, 58.5+19.4 70.7+£17.8 <0.001 57.8+19.3 65.6+16.8 0.23
PCO,* 69.8+113.7 70.6+1059 0.97 57.7+5.8 58.1+9.0 0.88
RSS 6.98 £3.1 9.6+3.5 <0.001 7.8+3.2 10.1£3.6 0.09

Data are presented as means + standard deviation or counts (percentages).

CV conventional ventilation, FiO2 fraction of inspired oxygen, HFOV high frequency oscillatory ventilation,
MAP mean airway pressure, PCO, partial pressure of carbon dioxide, RSS respiratory severity score (MAP x

FiO2)

4PCO2 values presented reflect mixed sampling (arterial, venous, and capillary).

to summarize the data. Differences between groups on
outcome variables were analyzed by using chi-square test,
Student’s t-test, or analysis of variance (ANOVA) with
Bonferroni correction as appropriate. Mixed model repeated
measures ANOVA was used to determine differences in
growth parameters from birth to discharge among control
infants and infants treated with 1 or 2 courses of PNS.
Multiple logistic regression modeling was used to examine
the impact of potential confounders on the association
between PNS treatment and successful extubation. All sta-
tistical tests were two-sided, with a P value of <0.05
deemed significant. Statistical analysis was performed using
SPSS software, version 24 (IBM Corp, Armonk, NY).

Results

We identified 132 preterm infants treated with dexamethasone
for BPD and 147 untreated infants as controls. Steroid-treated
infants had mean gestational age of 25.2 + 1.6 weeks and mean
birth weight of 727 + 191 grams. The majority of the treated
cohort were of male gender and White race. Other baseline
demographic data are presented in Table 1. Overall, infants
who received one versus 2 courses of dexamethasone for BPD
had similar baseline demographics including gestational age
and birth weight. Small for gestational age status and twin
gestation were more common among infants treated with 2
dexamethasone courses. Clinical outcomes were comparable
between the two groups except for rates of severe BPD,

tracheostomy, and gastrostomy tube which were higher among
infants treated with repeat dexamethasone (Table 1).

The overall rate of successful step-down in respiratory
support after an initial course of dexamethasone was 52% (69
of 132 infants, Fig. 1). The median age in days and median
PMA in weeks at time of initial dexamethasone treatment were
32 days (interquartile range 25 to 42 days) and 29.8 weeks
(interquartile range 28.4-31.6 weeks), respectively. The char-
acteristics of infants who successfully weaned from invasive to
non-invasive ventilation at the time of initial treatment with
dexamethasone are shown in Table 2. Successful step-down
was significantly higher in infants with lower levels of
respiratory support as determined by type of invasive ventila-
tion (conventional vs high frequency), mean airway pressure,
fraction of inspired oxygen, and respiratory severity score
(RSS, which is mean airway pressure x fraction of inspired
oxygen). Logistic regression analysis adjusting for birth weight,
sex, antenatal steroids, and age and respiratory support at time
of treatment identified that successful step-down to non-
invasive ventilation was independently associated with con-
ventional ventilation (adjusted odds ratio [aOR] 3.4, 95%
confidence interval [CI] 1.2-10.0, P =0.02) and lower RSS
(aOR 0.83, 95% CI 0.72-0.97, P =0.02).

Fifty-two of the study infants received a repeat course of
dexamethasone because of progressive lung disease and
inability to wean from prolonged respiratory support (Fig. 1).
Of these, 34 infants were on mechanical ventilation, while the
remaining 18 infants were on non-invasive ventilatory support.
The median age in days and PMA in weeks at time of repeat

SPRINGER NATURE
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Table 3 Growth parameters of the study population.

Growth parameter z-scores  Control 1 course 2 courses P value
Control vs 1 course  Control vs 2 courses 1 vs 2 courses

Weight

Birth —-0.22+0.08 —-0.05+0.11 —-031+0.16 0.15 0.004 0.45

Discharge —134+0.10 —-1.26+0.11 —1.74£020 1.0 0.12 0.07
Length

Birth —-0.07+0.09 —-039+0.14 —-0.71+0.21 0.02 <0.001 0.45

Discharge —-141+£0.12 —1.72+0.15 -2.34+022 0.38 <0.001 0.06
Head circumference

Birth 0.06 £0.09 —-022+£0.12 —-049+0.18 0.22 0.008 0.59

Discharge —-0.82+£0.10 —093+0.13 -135+027 1.0 0.06 0.30

Values indicate mean + standard error of the mean. P values were calculated using ANOVA with Bonferroni correction for multiple comparisons.

A. Weight B. Length C. Head Circumference
501 501
» Controls
2 13
S ---1Course g 8 .00
@ —_— a 00 o
N 007 3 2 Courses e 8
£ N < o
b \ ° [3)
H Q\. & 50 I\é =307
e -
& .50 t 8 2
a 0 &
e = ]
3 3 -1.00 £ -60]
£ E =
© © 3
§ -1.00] £ e
2 g -1.50 g oo
£ . E \ N 2 "\
3 1501 \ 3 N © g '
g A s | . £ 1
£ N g 200 \ & -1.20 \
= o) @ . : -
@ w N \
w 1) o
-2.00 250
T T T T T T
Brith Discharge Birth Discharge Birth Discharge

Time

Fig. 2 Changes in growth parameters from birth to discharge.
Infants treated with 2 courses of dexamethasone had significantly
lower mean z-scores for weight, length, and head circumference over
time compared to untreated controls. No significant time x group
interactions were observed in weight, length, and head circumference,

dexamethasone treatment were 66 days (interquartile range
53-84 days) and 353 weeks (interquartile range
32.9-37.8 weeks), respectively. Overall effectiveness of repeat
dexamethasone treatment to facilitate step-down in respiratory
support was 38% (20 of 52 infants, Fig. 1). Comparing only
infants on mechanical ventilation, the proportion of infants
successfully extubated with dexamethasone treatment
decreased from 52% with the first course to 35% with the
second course.

The potential safety of repeat dexamethasone therapy was
assessed by analyzing differences in growth parameters of
infants treated with 1 or 2 courses of dexamethasone with those
of a cohort of untreated controls. One-way ANOVA with
Bonferroni correction for multiple comparisons showed that
infants treated with 2 courses of dexamethasone had lower
mean z-scores for weight, length, and head circumference at
birth compared to untreated infants (Table 3). A lower mean

SPRINGER NATURE

Time Time

indicating a comparable downward trajectory in growth parameters
between the different groups. Weight, length, and head circumference
z-scores were calculated using the Fenton 2013 Growth Calculator for
Preterm Infants or the World Health Organization Growth Standard.

z-score for length at birth was also observed among infants
treated with one course of dexamethasone compared to
untreated controls. At discharge, infants treated with 2 courses
of dexamethasone continued to demonstrate lower mean
z-scores for length compared to untreated controls; but mean
z-scores for weight and head circumference were no longer
different. No statistically significant differences in growth
parameters at birth or at discharge were observed between
infants treated with 1 or 2 courses of dexamethasone (Table 3).

Mixed-model repeated-measures analysis was then used to
determine differences in growth parameters over time between
the different cohorts. Compared to the untreated control group,
infants treated with 2 courses of dexamethasone had lower
z-scores for weight, length, and head circumference at birth and
at discharge (Fig. 2). Lower z-scores for weight and length
were also observed in infants treated with 2 dexamethasone
courses compared to infants treated with just a single course
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(Fig. 2). However, no significant interaction was noted between
time and the different groups in relation to weight (P = 0.23),
length (P = 0.68), or head circumference (P = 0.77), indicating
comparable growth trajectory across the different cohorts
(Fig. 2).

Discussion

In this study, we found that repeat PNS treatment for BPD
had decreased effectiveness in facilitating weaning from
respiratory support compared to initial steroid treatment.
Infants treated with repeat steroids had lower weight,
length, and head circumference at birth but a similar growth
trajectory in the NICU as untreated infants. These results
suggest that while repeat PNS treatment is less effective
compared to the initial course, there seems to be no indi-
cation of statistically significant effects of repeat PNS
treatment on growth trajectory to discharge.

In the majority of the randomized trials of steroids for BPD,
the allowance for rescue open-label steroid treatment in all
participants meant that a small subset of infants randomized to
receive the active drug received a second course of PNS.
Outcome data on how these infants fared have not been widely
reported. Therefore, there is a paucity of evidence on the safety
and effectiveness of repeat steroid treatment for BPD. How
often repeat steroid treatment is used for infants who remain on
high levels of respiratory support is also unknown. In our
study, 34 of 132 (26%) steroid-treated infants received a sec-
ond course of dexamethasone while on mechanical ventilation.
This rate of repeat PNS treatment is similar to the 10 of 35
(29%) infants in the Dexamethasone: A Randomized Trial
study who were randomized to dexamethasone and received an
open-label second course of dexamethasone [19]. However,
including both intubated and non-intubated infants, the rate of
repeat dexamethasone treatment in our study increases to 39%
(52 of 132).

A smaller study by Dassios et al. [24] also retro-
spectively reviewed their 10-year single-center experience
regarding repeat systemic dexamethasone treatment for
BPD. Their study had a lower rate of repeat PNS treatment
at 19% (15 of 81 steroid-treated infants) and a much higher
rate of successful extubation at 93% (14 of 15 infants). In
comparing the two studies, the cohort of infants who
received repeat PNS treatment in our study was slightly
more premature, had lower birth weights, and was treated at
a later chronological age and at a higher level of respiratory
support. Our study also used a much smaller cumulative
dexamethasone dose (0.72—0.89 mg/kg over 7-10 days), as
compared to their regimen (2.7 mg/kg over 9 days). While
the exact reasons are unclear, it is possible that the subtle
differences between the two cohorts, as well as the larger
difference in dexamethasone dose, contribute to the

differences in rate of repeat PNS treatment and effectiveness
in facilitating extubation.

Among the safety concerns of repeated courses of sys-
temic dexamethasone for BPD is a detrimental effect on
growth [25, 26]. In our study, infants who received 2 PNS
courses had significantly lower growth parameters at birth
compared to untreated infants, suggesting that poor growth
in-utero may be an important predictor for subsequent
respiratory morbidity and need for repeated corticosteroid
treatment. While length at discharge remained significantly
lower among infants with 2 PNS courses compared to
controls, both weight and head circumference were no
longer statistically different. This observation suggests that
although some catch-up growth in weight and head cir-
cumference is possible, catch-up growth in length appears
more challenging. Interestingly, untreated control infants
also had decreased growth parameters from birth to dis-
charge, and repeated measures analysis demonstrated a
comparable trend of poor growth between untreated infants
and infants with 1 or 2 PNS courses. An important limita-
tion of our analysis is that discharge growth parameters
were not analyzed at a similar PMA because of the variation
in age at discharge among untreated infants and infants
treated with one or two PNS courses. Nevertheless, our
finding of poor growth across all the three different cohorts
underscores the problem of extrauterine growth restriction,
stresses the clinical importance of focusing on nutrition, and
highlights the need for further research on optimal nutrition
of very preterm infants [27, 28].

Our study describes the largest cohort to date of preterm
infants treated with repeat dexamethasone for BPD and is the
first to provide data on potential safety effects on growth.
Because repeat steroid treatment for BPD is an infrequent
therapy, our study remains limited by relatively small sample
size. Its retrospective design also precludes us from identifying
the precise clinical rationale for repeat dexamethasone treat-
ment. Our study is also limited by the availability of infor-
mation from our local data repository, which did not have data
on important confounding factors such as steroid treatment for
airway edema or adrenal insufficiency. Our single-center
experience at a tertiary referral center may also not be gen-
eralizable to other centers, as our cohorts of steroid-treated and
steroid-naive controls are mostly comprised of infants referred
from other hospitals.

In conclusion, the second course of low-dose dex-
amethasone for BPD in ventilator-dependent preterm infants
can help improve lung function in some patients. While overall
effectiveness in facilitating weaning of respiratory support is
lower compared to the initial steroid course, growth does not
seem to be adversely affected. Larger retrospective studies that
combine data from several centers and well-designed pro-
spective studies are needed to further evaluate the safety and
efficacy of repeat steroid treatment for BPD.

SPRINGER NATURE
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