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Abstract
Objective To evaluate the short-term respiratory effects of PND in a cohort of ventilator-dependent premature infants.
Study design Clinical data from 106 infants 23–28 weeks gestation who received PND for weaning from MV during
2011–2017 were evaluated. PND was started at a dose of 0.1 mg/kg/d tapered over 5–7 d. Treatment success was defined as
extubated and free from MV on d14 after start of treatment.
Result Treatment was successful in 83 (78%) infants. Demographics and age of treatment did not differ between groups.
In the failure group, a higher proportion were on HFOV and FiO2 ≥ 0.50 before treatment, compared to the
successful group.
Conclusion In most infants, PND resulted in successful weaning from MV. Reduced need for oxygen in infants not
extubated may be beneficial, but it is unknown if this offsets the risks. The long-term effects PND in ventilator dependent
infants need to be evaluated.

Introduction

Abnormal lung development and bronchopulmonary
dysplasia (BPD) in preterm infants are in part due to
ventilator-induced lung injury and are associated with
prolonged mechanical ventilation [1–3]. The use of
postnatal steroids in these infants is associated with
improved lung function and faster weaning from respira-
tory support [4–8]. However, use of post-natal dex-
amethasone (PND) has been associated with increased
risk of neurodevelopmental impairment [4, 9]. Most of
these trials started PND at an early chronological age

(<7 days) and received higher doses of the drug for a
prolonged period of time. Trials using late PND (>7 days)
also showed respiratory benefits without increased
neurological impairment but were not powered for this
outcome [4, 10, 11].

These findings led to a more measured approach to
postnatal corticosteroids, optimizing the benefits of PND by
targeting the infants at highest risk of long-term respiratory
morbidity and using lower doses and later administration in
hopes of minimizing side effects [4–7, 9, 12–14]. However,
the effectiveness of these strategies has not been adequately
tested in randomized trials. The only trial to test such
strategy was terminated early due to loss of physician
equipoise in the wake of concerns regarding worse neuro-
developmental outcomes with PND [11]. Recently, smaller
and sicker extremely premature infants survive with
increasing frequency and require mechanical ventilation for
longer periods of time. These infants receive PND later in
their hospital course but the effect of this approach on
weaning ventilation and oxygen support has not been fully
evaluated. The objective of this study was to evaluate the
short-term effects of a short course of PND on the ensuing
respiratory trajectory in a cohort of ventilator-dependent
extreme premature infants. Secondarily, to identify factors
associated with the response to PND.
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Methods

Data from a cohort of ventilator dependent preterm infants
23–28 weeks gestational age (GA) admitted to the newborn
intensive care unit (NICU) at Holtz Children’s Hospital,
Jackson Memorial/University of Miami Medical Center
during 2011–2017 and who received PND for weaning from
invasive mechanical ventilation were analyzed. Infants were
excluded if their course of PND was given after 36 weeks
corrected GA. Data from this cohort were part of the clinical
data collected prospectively from all NICU admissions into
the Neonatal-Perinatal database of the Division of Neona-
tology under approval of the University of Miami Institu-
tional Review Board and the Jackson Health System Clinical
Research Office. Analysis included data on the following
prenatal and postnatal variables: GA, race, gender, clinical
chorioamnionitis, preeclampsia (defined as new onset
hypertension after the 20th week of pregnancy accompanied
with new onset proteinuria, thrombocytopenia, impaired liver
function, impaired renal function, pulmonary edema, or
cerebral or visual disturbances), maternal chronic hyperten-
sion (defined as hypertension predating conception or prior to
20 weeks of gestation), antenatal steroids (ANS, complete
course), small for gestational age (SGA, defined as birth
weight <10th percentile), sepsis (positive blood culture), echo
confirmed patent ductus arteriosus, severe respiratory distress
syndrome (RDS, defined as administration of a fraction of
inspired oxygen (FiO2) ≥ 0.30 for ≥12 h on postnatal day 1),
duration of invasive mechanical ventilation (MV, days) and
age at last use of invasive mechanical ventilation (days). The
decision to extubate each individual patient and re-intubate if
necessary were at the discretion of the clinical team. In
general, the indications for extubation included blood gases
within acceptable limits and low ventilator parameters in
combination with arterial oxygen saturation within the
90–95% range while on FiO2 below 0.4. All infants received
a loading dose of caffeine the day before extubation and a
daily maintenance dose thereafter. After extubation, they
were placed on nasal CPAP or NIMV with settings at the
discretion of the clinical attending team.

PND was defined by the administration of dexamethasone
with the intention of improving lung function and weaning
from invasive MV. In general, infants received an intrave-
nous dexamethasone dose starting at 0.1 mg/kg/day and
tapered over 5–7 days. The length and treatment regimen
were at the discretion of the attending neonatologists based
on the clinical condition of the patient. Treatment success
was defined as free from MV by day 14 from the initiation of
PND. Treatment failure was defined as extubation with
subsequent reintubation within 14 days of PND initiation or
remaining on MV (not extubated) by d14 after starting PND.

Descriptive statistics (mean, standard deviation, and fre-
quency) were calculated for each of the outcome groups.

Characteristics of neonates with treatment success were
compared to those who did not reach success, using
binomial testing for categorical variables by Chi-Square,
T Test for continuous variables or the nonparametric
Mann–Whitney U Test when the Levene statistic test
showed the groups did not have equal variances. General
Linear Model for Repeated Measures was used to compare
differences in FiO2 and changes FiO2 from baseline between
success and failure groups. Multivariate stepwise binary
logistic regression analysis (LRA) was used to model the
association between demographic, perinatal and respiratory
support parameters prior to the start of PND with successful
weaning from mechanical ventilation by day 14. Other
factors evaluated in the model included gestational age, age
at start of PND, race, gender, maternal preeclampsia, chor-
ioamnionitis, small for gestational age, multiple pregnancy,
Apgar score <5 at 5 min, severe respiratory distress syn-
drome, on mechanical ventilation during first day after birth,
history of patent ductus arteriosus and sepsis. P values <
0.05 were considered statistically significant. Data were
analyzed using IBM SPSS Statistics (version 26).

Results

During years 2011–2017, there were 915 infants of
23–28 weeks gestation admitted to the NICU at this center
and 755 of these infants received invasive mechanical
ventilation. The cohort in this study included 106 ventilator
dependent premature infants who received PND for wean-
ing from invasive mechanical ventilation.

In 83 of the 106 infants (78%) PND treatment was
successful. Eighty percent of the infants in the successfully
treated group were extubated shortly after PND adminis-
tration (Fig. 1).

The PND treatment success and failure groups did not
differ in regard to GA, BW and other demographics

Fig. 1 Days to extubation from start of PND. Most infants that were
successfully extubated by day 3 after the start of PND (65%).
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(Table 1). PND was started at approximately similar post-
natal age (~55 days) and postmenstrual age (PMA,
~33 weeks) in both groups. At the time of initiating PND,
infants that failed treatment were more likely to be on
HFOV and receiving FiO2 > 0.5, which suggests a more
severe respiratory illness because HFOV in this center is
used as a rescue therapy for sicker infants for whom con-
ventional IPPV is not sufficient. (Table 2). Infants failing
treatment spent more time on high frequency oscillatory
ventilation (HFOV) and MV before and after PND and
received more courses and doses of PND (Table 2).

LRA demonstrated that the type of mechanical ventila-
tory support (HFOV) and particularly oxygen requirement
with FiO2 > 0.50 at the start of PND treatment were sig-
nificantly associated with reduced odds for successful
weaning (Table 3).

The administered FiO2 was lower at the time PND was
started and remained lower until d14 in the group of infants
that were successfully extubated compared to the treatment
failure group (p= 0.01 by GLMRM) who failed. (Fig. 2). In
contrast, the decrease in FiO2 at days 3, 7, and 14 from the
start of PND was larger in the treatment failure group
(p= 0.002 by GLMRM, Fig. 3).

Discussion

There is limited information on the respiratory parameters
associated with extubation success in extremely premature
infants who receive PND later in their hospital course.

The present data shows an association between late
PND administration at a mean age of 8 weeks and suc-
cessful extubation in infants that are chronically ventilator
dependent.

These findings are in agreement with previous studies
showing a temporal association between earlier dex-
amethasone administration and extubation in the first month
after birth [15–17]. A retrospective study that included 74
preterm infants that received dexamethasone for 24 days

Table 1 Demographics, prenatal, and postnatal characteristics.

Characteristic Treatment Success
(n= 83)

Treatment Failure
(n= 23)

Gestational age (weeks) 25.6 ± 1.6 25.5 ± 1.9

Birth weight (g) 676 ± 145 662 ± 292

Small for gestational age 17 (21) 8 (35)

Apgar score <5 at 5 min 14 (17) 4 (17)

Multiple pregnancy 19 (23) 4 (17)

Female 48 (58) 11 (48)

Black 45 (54) 11 (48)

Chronic maternal
hypertension

22 (27) 5 (22)

Sepsis 38 (46) 10 (44)

Clinical chorioamnionitis 10 (12) 4 (17)

Preeclampsia 23 (28) 7 (30)

Antenatal steroids 76 (92) 22 (96)

PDA 77 (93) 20 (87)

Surfactant treatment 75 (90) 19 (83)

Severe RDS 25 (30) 10 (44)

Data are mean ± SD or number (%)

PDA patent ductus arteriosus, RDS respiratory distress syndrome

Table 2 Clinical characteristics at the time of treatment and outcomes.

Characteristic Treatment
success (n=
83)

Treatment
failure (n= 23)

Age at start of PND course (days) 53 ± 54 56 ± 77

PMA at start of PND course
(weeks)

33 ± 8 33 ± 11

PND course # of doses 10 ± 6 15 ± 14*

PND course # of days 5 ± 3 8 ± 7*

On HFOV at start of PND 14 (17) 10 (44)*

On IPPV at start of PND 69 (83) 13 (57)*

On FiO2 > 0.5 at start of PND 31 (37) 16 (70)*

Hospital stay (days) 158 ± 66 200 ± 64

Duration of invasive mechanical
ventilation (days)

45 (30–61) 92 (40–144 **

Age at last use of invasive
mechanical ventilation (days)

50 (33-68) 77 (54–101)**

Duration of HFOV (days) 10 (0–21) 24 (9–40)

Duration of oxygen
supplementation (days)

128 ± 71 186 ± 66*

Data are mean ± SD, median (interquartile range) or number (%).

PND post-natal dexamethasone, PMA post-menstrual age, HFOV
high-frequency oscillatory ventilation, IPPV intermittent positive
pressure ventilation
*p < 0.05 by T-Test, **p < 0.05 by Mann–Whitney U Test

Table 3 Factors associated with weaning from mechanical ventilation
after a course of dexamethasone.

Factor Odds ratio (95% CI)

IPPV and FiO2 ≥ 0.50 at start of PND* 0.255 (0.074–0.875)

HFOV and FiO2 < 0.50 at start of PND* 0.153 (0.020–1.145)

HFOV and FiO2 ≥ 0.50 at start of PND* 0.140 (0.038–0.512)

By multivariable stepwise binary logistic regression analysis. Other
variables evaluated in the model included gestational age, age at start
of PND, race, gender, maternal preeclampsia, chorioamnionitis, small
for gestational age, multiple pregnancy, Apgar score < 5 at 5 min,
severe respiratory distress syndrome, on mechanical ventilation during
first day after birth, history of patent ductus arteriosus and sepsis.

CI confidence interval, PND post-natal dexamethasone, HFOV high-
frequency oscillatory ventilation, IPPV intermittent positive pressure
ventilation
*Referenced to IPPV and FiO2 < .50 at start of PND
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showed that the median time to extubation was 6 days and
that the strongest predictive factors for successful extuba-
tion were larger gestational age and PMA [16]. The findings
of this study also coincide with a recent report by Nath et al.
[17] describing the use of PND at a slightly earlier mean
postnatal age that resulted in 59% success of extubation by
day 7 after treatment and a considerable reduction in
respiratory support.

Other studies have shown that about three out of four
infants that receive dexamethasone for a mean duration of
1 week were extubated, but information about the factors
associated with success are lacking [18, 19]. In the present
study, requiring HFOV and higher FiO2 at the start of
PND were identified as risk factors for treatment failure.

Although the need for higher FiO2 as a factor associated
with PND failure for weaning from invasive mechanical
ventilation can be generalized, the failure group had a
greater reduction in FiO2. Requiring HFOV was also
identified as a factor associated with treatment failure but it
should be noted that HFOV is used in this center as a rescue
therapy when conventional IPPV fails and therefore this
observation may not apply to centers where the approach to
the use high frequency ventilation is different. Regardless of
the extubation success or failure, or lack of extubation, the
requirement for supplemental oxygen was consistently
reduced following PND in this cohort. Given the well-
established detrimental effects of supplemental oxygen on
the lung, this improvement in oxygenation raises the
question as to whether PND administration should be
considered for reducing oxygen supplementation. However,
the potential benefits of a lower oxygen exposure must
outweigh any risk of detrimental neurologic effects before
this can be recommended.

One study comparing two cohorts in 1995 and 2006 for
babies born before 26 weeks’ gestation showed that the later
cohort received shorter courses and lower doses of PND
with no major differences in the proportions of babies
surviving with BPD. There was, however, a slight increase
in supplemental oxygen at discharge in the later cohort [20].
In this study we opted for not evaluating the effect of PND
on BPD incidence or severity because the age of BPD
assessment overlapped with the start of PND in many of the
infants in the cohort. Nonetheless, the total duration of
mechanical ventilation and oxygen supplementation were
significantly lower in the treatment success group. This
however may be in large part related to the fact that infants
in these groups had a milder lung disease at the start of PND
treatment.

There are limitations and strengths in the present study.
These are primarily related to the nature of retrospective
analysis of clinical data where indication biases may affect
the outcomes. Specifically, the decision to extubate, mode
of non-invasive respiratory support (CPAP or NIMV) as
well as indications to re-intubate were all at the discretion of
the clinical attending team. Although factors such as GA,
BW, age at PND treatment, and other demographics did not
differ between the treatment failure and success groups, the
two groups were clearly different in regard to their lung
function at the start of treatment. This may have influenced
the clinician’s decision to attempt extubation and thereby
predetermined the failure, as defined in this study. Data in
this study were collected from a large single center with
similar clinical practices. In contrast, reports on the effects
and associations between PND usage and short- and long-
term respiratory outcomes are meta-analyses or large pooled
reviews that require considerable statistical adjustment for
confounding factors.

Fig. 2 FiO2 requirement from start to d14 of PND. PND was
associated with a decrease in FiO2 in both groups of infants. Infants
who were successfully extubated received consistently lower FiO2

from the start of PND until day 14 compared to the infants who failed.
(p= 0.001 by Generalized Linear Model for Repeated Measures, data
are mean ± SD).

Fig. 3 Change FiO2 requirement from start of PND to days 3, 7,
and 14. Although PND was associated with a decrease in FiO2 in
both groups of infants, infants who were not successfully extubated
had a greater decrease in FiO2 from the start of PND during days 3,
7, and 14 compared to the successfully weaned infants. (p= 0.002
by Generalized Linear Model for Repeated Measures, data are
mean ± SD).
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Different dosing regimens and time points for treat-
ment may potentiate the efficacy of PND on respiratory
outcomes and should be further evaluated [21, 22].
Although not generalizable, the use of PND in older
extreme preterm infants to facilitate extubation or reduce
oxygen supplementation are supported by the results of
this study.

This study showed that PND administration after
approximately 8 weeks of age was associated with suc-
cessful extubation in a large proportion of treated infants.
The fact that treatment failure was associated with higher
levels of ventilatory support and oxygen requirements at the
start of dexamethasone treatment may facilitate patient
selection for treatment. It can be argued that the decrease in
supplemental oxygen in the failure group could possibly be
considered a treatment success, but this potential benefit
should be contrasted to the long-term risks associated with
PND. Before the findings of this study can be translated into
a recommendation, the risks of these treatment strategy need
to be carefully evaluated.
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