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Association of antenatal steroids with surfactant administration
in moderate preterm infants born to women with diabetes
mellitus and/or hypertension
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BACKGROUND: Randomized trials of antenatal steroid administration (ANS) for extreme or moderate preterm pregnancies
excluded women with diabetes mellitus (DM) and included few with preeclampsia.
METHODS: Cohort study (n= 1,813) including moderate preterm births [290/7–336/7wks’ gestational age GA)] before (Epoch-1) and
after (Epoch-2) expansion of ANS administration to women with hypertensive disorders (HTN) and/or DM. We compared surfactant
administration in Group-1 (neither HTN nor DM), Group-2a (HTN not DM), Group-2b (DM not HTN) and Group-2c (DM and HTN).
RESULTS: Surfactant administration was less frequent after ANS in Group-1 [adjusted odds ratio (aOR) 0.54, 95% confidence interval
(CI) 0.31, 0.93, P= 0.03], Group-2a (aOR 0.36, CI 0.22, 0.58, P < 0.001) and Group-2c (aOR 0.29, CI 0.12, 0.71, P= 0.007) but not Group-
2b (P= 0.64).
CONCLUSIONS: ANS administration was independently associated with less surfactant administration in moderately preterm
neonates whose mothers had neither HTN nor DM, and those with HTN, but not those with DM without HTN.
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INTRODUCTION
Antenatal corticosteroid (ANS) administration reduces the risk of
perinatal and neonatal morbidities including mortality, respiratory
distress syndrome (RDS), mechanical ventilation and intraventri-
cular hemorrhage (IVH) [1–3].
Based on a lack of evidence, pregnant women with gestational

hypertension, preeclampsia or eclampsia (HTN) and/or with
diabetes mellitus (DM) were excluded from ANS administration
at Parkland Hospital for several years [4, 5]. On September 21,
2015, a bundle of care for extremely low gestational age (GA)
neonates (230/7–286/7 weeks) (ELGANs) was introduced [5]. The
bundle of care included sequential steps, one of which was
expansion of maternal ANS administration to pregnant women
with HTN and/or DM and at-risk for delivery [5]. This expansion
involved mothers at risk for delivery at 240/7–336/7 weeks. We have
previously shown that maternal ANS administration to women
with HTN and/or DM delivering at 230/7–286/7 weeks GA was
associated with an improvement in severe IVH and death or
severe IVH but not in surfactant administration [5]. Since the risk of
RDS may decrease with maternal HTN but increase with maternal
DM [6–12], we aimed in the current report at comparing neonatal
outcomes after ANS administration to women with/without HTN
and with/without DM at risk for moderate preterm delivery (290/
7–336/7 weeks GA).
Expansion of ANS administration to pregnant women with HTN

and/or DM and at-risk for delivery at 290/7–336/7 weeks GA allowed

us to design a unique study in which we could assess: (1) the
relationship between the introduction of maternal ANS administra-
tion and outcomes in moderate preterm neonates born to women
with HTN and/or DM versus those born to women with neither HTN
nor DM, (2) the relationship between ANS administration and
surfactant administration. Lack of ANS administration to women
with HTN and/or DM and at-risk for delivery at 290/7–336/7 weeks GA
at Parkland Hospital allowed us to compare outcomes at Parkland vs
other centers participating in the Moderate Preterm Registry from
the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (NICHD) Neonatal Research Network
(NRN), which was a short-term cohort run cohort including
moderate preterm neonates delivered from February 1st, 2012 until
November 30, 2013 [13, 14].
The primary a-priori hypothesis was that maternal ANS

administration would be associated with a lower frequency of
surfactant administration in moderate preterm infants including
those born to mothers with HTN and/or DM.

METHODS
Design
This study in moderate preterm neonates included two sections. First, a birth
cohort study included retrospective (from April 25, 2011 until September 30,
2014, n= 740) and prospective (from October 1st, 2014 until December 31st,
2018, n= 1073) data, similar to the study in ELGANs recently reported [5].
Second, a subgroup of neonates born at Parkland Hospital between February
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2012 and November 2013 was compared with those from other centers in
the NICHD NRN Moderate Preterm Registry by subtracting data from
Parkland Hospital from those for all NRN centers [13, 14].

Setting
Parkland Hospital is a public hospital serving Dallas County Texas with
>12,000 annual deliveries. All moderate preterm deliveries are attended by
a specialized NICU resuscitation team which is comprised of a respiratory
therapist, resuscitation nurse, and neonatal nurse practitioner or pediatric
resident, with additional help as needed from a NICU fellow and/or
neonatology attending. Skills and knowledge of NRP guidelines, including
steps to achieve effective ventilation, are regularly assessed and reinforced
using simulation and ongoing training. All neonates born at ≤326/7 weeks
GA who did not require positive pressure ventilation as per guidelines of
the Neonatal Resuscitation Program (NRP) were initially stabilized on face
mask continuous positive airway pressure (CPAP) at 5 cm H2O upon
delivery using a T-piece resuscitator. If CPAP was required in the delivery
room (DR), neonates were transported to the neonatal intensive care unit
(NICU) using binasal prong CPAP. Additionally, all neonates in this study
were started on 21% O2 as published [15]. Supplemental O2 was
administered if necessary to meet expected values of preductal saturation
as recommended by the NRP [16, 17]. Endotracheal intubation, mechanical
ventilation, and surfactant therapy were considered by the care team in
the NICU if the neonate had severe respiratory acidosis or high oxygen
needs despite CPAP. Surfactant replacement therapy was indicated within
one hour after endotracheal intubation for ventilated neonates with
radiographic RDS requiring >40% O2. There was no policy on surfactant
and no change in guidelines on treatment of RDS during the study.
Intravenous glucose infusion was started immediately upon admission.

Inclusion/Exclusion
The birth cohort included inborn preterm neonates delivered at 290/7–336/7

weeks GA at Parkland Hospital from April 25, 2011 (when routine DR-CPAP
and FiO2 starting at 0.21 was implemented for neonates born at ≤326/7 weeks
GA [15]) until December 31, 2018 (before implementation of less invasive
surfactant administration). GA was based on the best obstetrical estimate. A
subset of that birth cohort was compared with neonates from other centers
in the NICHD NRN Moderate Preterm Registry, which included moderate
preterm neonates delivered from February 1st, 2012 until November 30, 2013
[13, 14]. Neonates who received comfort care only (without any attempt of
resuscitation or any painful procedure) from birth were excluded, except for
comparison of ethnicity at Parkland Hospital versus other centers, which was
only possible using a reference that did not exclude comfort care [13].

Intervention
In Epoch-1 (April 25, 2011-September 20, 2015) ANS administration (two
doses of 12mg betamethasone acetate/betamethasone sodium phos-
phate [Celestone] 24 h apart) was limited to pregnant women with
anticipated delivery at 290/7–336/7 weeks GA in Group-1, i.e., women with
neither DM nor HTN [per American College of Obstetricians and
Gynecologists classification]. In Epoch-2 (September 21, 2015-December
31, 2018) ANS administration was expanded to also include women in
Group-2, i.e., those with HTN and/or DM.

Data extraction
Outcome variables were extracted from two prospectively collected
databases: the Neonatal Resuscitation Registry and the NICU Database,
which has been validated on several occasions [18, 19]. Data missing in
either database including all those on insulin-dependent DM and any data
on primary and secondary outcome variables were collected by review of
individual electronic health records. Data from other centers participating
in the NICHD NRN Moderate Preterm Registry NRN were calculated as a
group by subtracting data from Parkland Hospital from those published for
all centers [13, 14].

Outcome variables
The primary outcome was surfactant administration after ANS exposure.
This outcome was selected as primary outcome to reflect the clinical
severity of lung disease. Other outcomes included DR-ETT, germinal matrix
hemorrhage or IVH (Papile’s classification) [20] (GMH-IVH), and in-hospital
mortality. Since surfactant administration is a subjective variable, we added
RDS (defined as grunting respirations, retractions, and FiO2 > 0.40 with

compatible clinical, radiologic, laboratory, and, if available, autopsy
findings), as another outcome post-hoc variable.

Statistical analysis and sample size
Statistical analyses were done with SPSS version 27 (IBM, Inc, Armonk, NY).
Data are presented as means ± SD (if normally distributed) or number with
the percent of the population.
Continuous variables were compared between groups and epochs using

two-way analysis of variance followed by Student t-tests (or Welch tests)
with Bonferroni correction. Nominal variables were compared by general
log-linear analysis if P values for group and epoch could be estimated, or
else by chi-square (χ2) analysis with exact test, followed by χ2 analysis for
pair-wise comparisons with Bonferroni correction. Parkland data were
compared with those in other NRN centers using Student t-test or χ2

analysis.
Two logistic regression models were used to determine the adjusted

odds ratio (aOR) and 95% confidence interval (CI) for DR-ETT, need for
surfactant administration, RDS, GMH-IVH, or mortality. In the first model,
independent association of each outcome variable was assessed based on
three variables: Group [Group-2 (maternal DM or HTN) vs. Group-1 (no
maternal DM, no HTN)], ANS exposure (ANS-exposed vs. ANS-unexposed
neonates), and Epoch [Epoch-2 (after ANS expansion) vs. Epoch-1 (before
ANS expansion)]. In addition, Group-2 neonates (maternal HTN and/or DM)
were compared with Group-1 neonates (no maternal DM, no HTN) in the
absence of ANS.
In the second model, a forward stepwise logistic regression was used to

adjust the OR of each outcome variable for candidate variables available at
birth. The latter included Epoch, Group, ANS, race and ethnicity (classified
based on maternal records as Hispanic, Black not Hispanic, or other),
chorioamnionitis, premature rupture of membranes, GA, birthweight
Z-score (calculated using Olsen’s data) [21], sex, one-min Apgar score less
than 5, and (for mortality) congenital malformations. For these multivariate
analyses, birthweight Z-scores were used rather than a dichotomous
variable such as small for GA (SGA) or fetal growth restriction because in a
previous study at Parkland Hospital neonatal morbidity and mortality
progressively decreased with increasing weight centiles [22]. Subgroup
analyses were done using forward stepwise logistic regression models to
assess whether the likelihood of the outcome was independently
associated with ANS exposure among all neonates included in Group-1
(neither HTN nor DM), Group-2 (HTN and/or DM), Group-2a (HTN, not DM),
Group-2b (DM, not HTN) and Group-2c (DM and HTN).
Multiple secondary analyses were not adjusted for multiple testing and

did not include sample size analyses; therefore, these analyses should be
considered exploratory.
A total sample size of 450 was calculated using SAS 9.4 (SAS Institute,

Inc, Cary, NC) to have 80% power with a two-tailed alpha of 0.05 to detect
an aOR of 0.5 for surfactant administration assuming 30% estimate without
ANS using logistic regression adjusted for GA and sex with alpha error
<0.05. Logistic regression models were limited to one variable per ten
subjects with the outcome of interest [23].

RESULTS
Demographics
Among 1,824 moderate preterm neonates, five neonates in
Epoch-1 and six in Epoch-2 received comfort care only and were
excluded from further analyses. Among the remaining 1,813
moderate preterm neonates, 950 were in Epoch-1 and 863 in
Epoch-2 (Fig. 1). They were further classified as described earlier as
neonates born to women: with neither HTN nor DM (Group-1),
with HTN but without DM (Group-2a), DM but without HTN
(Group-2b), and both DM and HTN (Group-2c). In Epoch-2 the
racial/ethnic distribution changed with more White not Hispanic
and fewer Hispanic than in Epoch-1 (Table 1). Neonates in Group-2
had a lower average birthweight (P < 0.001) and were more
frequently SGA (P < 0.001) than those in Group-1, as expected
from the high proportion of mothers with HTN in Group-2.

Intervention: introduction of ANS administration to women
with HTN and/or DM
Neonates in Group-1, Epoch-1 had greater ANS exposure than
those in Group-2, consistent with the clinical practice at that time
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(Table 1). ANS exposure increased significantly to 88% in Group-1
and 92% in Group-2 during Epoch-2 (Table 1).

DR-ETT
In the absence of ANS, 12–20% of moderate preterm neonates were
intubated in the DR in Groups-1 and -2 and within each Epoch
(Table 2). In the first logistic regression model, DR-ETT was less frequent
in Epoch-2 than in Epoch-1 and less frequent after ANS exposure, but
not significantly different between Groups-1 and -2 (Table 2).
In the stepwise logistic regression model, the likelihood of

DR-ETT decreased in Epoch-2 (aOR 0.47, CI 0.33, 0.66, P < 0.001),

decreased with increasing GA (aOR 0.71, CI 0.62, 0.80, P < 0.001)
and was higher in neonates with a one-minute Apgar score
<5 (aOR 10.4, CI 7.3, 14.8, P < 0.001). The likelihood of DR-ETT
was not affected by ANS exposure, group, sex, birthweight
Z-score, chorioamnionitis, and premature prolonged rupture of
membranes.

Surfactant administration and RDS
In the absence of ANS, 14–29% of moderate preterm neonates
received surfactant therapy in Epochs-1 and -2 and Groups-1 and
-2 (Table 2). In the first logistic regression model, surfactant

Fig. 1 Flow diagram. Abbreviations: DM, diabetes mellitus; HTN, gestational hypertension, preeclampsia or eclampsia.

Table 1. Comparison of maternal and neonatal clinical characteristics in Epoch-1 and Epoch-2 by Group.

Characteristic* Epoch-1 April 25, 2011- September 20, 2015
n= 950

Epoch-2 September 21, 2015 - December
2018 n= 863

P value**

Group-1 No
maternal HTN/DM
(n= 544)

Group-2 Maternal
HTN or DM (n=
406)

Group-1 No
maternal HTN/DM
(n= 421)

Group-2 Maternal
HTN or DM (n=
442)

Epoch Group

Maternal diabetes mellitus# 0a 151 (37%)b 0a 133 (30%)b 0.78 <0.001

HTN# 0a 321 (79%)b 0a 370 (84%)b 0.06 <0.001

Antenatal steroids 439 (81%)a 57 (14%)b 369 (88%)c 407 (92%)d <0.001 <0.001

Clinical chorioamnionitis 22 (4.0%) a 2 (0.5%)b 40 (9.5%)c 14 (3.2)d <0.001 <0.001

Premature prolonged
rupture of membranes

203 (37%)a 55 (14%)b 157 (37%)a 54 (12%)b 0.03 <0.001

Birth weight (g) 1820 ± 403a 1659 ± 442b 1828 ± 396a 1717 ± 410b 0.10 <0.001

Gestational age (weeks) 31.5 ± 1.4 31.6 ± 1.3 31.7 ± 1.3 31.5 ± 1.4 0.74 0.35

Small for gestational age 28 (5%)a 71 (18%)b 27 (6%)a 46 (10%)c 0.048 <0.001

Female 248 (46%) 198 (49%) 215 (51%) 215 (49%) 0.22 0.63***

Race/ethnicity# 0.005 0.047

Hispanic 385 (71%) 291 (72%) 280 (67%) 292 (66%)

Black not Hispanic 110 (20%) 90 (22%) 93 (22%) 122 (28%)

White not Hispanic 28 (5%)a 16 (4%) 40 (10%)b 20 (5%)

Other 21 (4%) 9 (2%) 8 (2%) 8 (2%)

1-minute Apgar score <5 141 (26%) 107 (27%) 96 (23%) 112 (25%) 0.06 0.40

5-minute Apgar score <5 35 (6%)a 18 (4%) 13 (3%)b 14 (3%) 0.004 0.08

HTN includes gestational hypertension, preeclampsia or eclampsia, DM diabetes mellitus.
*Values are mean ± SD or number (%).
**Chi-square (diabetes mellitus and HTN) or general loglinear analysis (other variables) followed by chi-square test (#exact test) for nominal variables; two-way
ANOVA followed by Student t-test for continuous variables.
a,bDifferent superscripts across a row indicate significant pair-wise differences (Epoch-2 vs Epoch-1 or Group-2 vs Group-1) with Bonferroni correction.
***interaction between Epoch and Group, P= 0.001
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administration was higher in Group-2 than Group-1 and lower in
ANS-exposed neonates than ANS-unexposed neonates (42% lower
in Group-1 and 44% in Group-2), but not significantly different
between the two epochs (Table 2). Post-hoc analysis showed that
the frequency of RDS was higher in Group-2 than Group-1 and
lower in ANS-exposed neonates than ANS-unexposed neonates,
but not significantly different between the two epochs (data not
shown).
In the stepwise logistic regression model (Table 3.a), the aOR of

surfactant administration was lower in neonates exposed to ANS
(0.47, CI 0.34–0.65, P < 0.001) than unexposed neonates. The aOR
of surfactant administration was also lower in those with
premature prolonged rupture of membranes (P= 0.007),
decreased with increasing GA (P < 0.001) and was higher in
Group-2 (P < 0.001), neonates with 1-minute Apgar score <5 (P=
0.01) and those who underwent DR-ETT (P < 0.001). Surfactant
administration was not independently associated with Epoch,
birthweight Z-score, race/ethnicity, and sex.
Subgroup analyses showed no independent association of

surfactant administration with Epoch (Table 3.b–e). Stepwise
logistic regression in all neonates included in Group-1 (neither
DM, nor HTN) showed that the aOR of surfactant administration
was lower after ANS exposure (aOR 0.54, CI 0.31, 0.93, P= 0.03),
decreased with increasing GA (P < 0.001) and was higher in
neonates with low five-minute Apgar score (P= 0.04) and those
who underwent DR-ETT (P < 0.001) (Table 3.b). Subgroup analysis
in all neonates in Group-2 (HTN and/or DM) showed that the aOR
of surfactant administration was lower after ANS exposure (aOR
0.41, CI 0.28, 0.61, P < 0.001), decreased with increasing GA (P <
0.001) and was higher after prolonged rupture of membranes (P
= 0.002) and in neonates who DR-ETT (P < 0.001) (Table 3.c).
Subgroup analysis in all neonates in Group-2a (HTN, but not DM)
showed that the aOR of surfactant administration was lower with
ANS exposure (aOR 0.36, CI 0.22, 0.58, P < 0.001), decreased with
increasing GA (P < 0.001) and was higher in neonates who had DR-
ETT (P < 0.001) (Table 3.d). In contrast, subgroup analysis in Group-
2b (maternal DM, not HTN) suggested that surfactant administra-
tion was not independently associated with ANS exposure (P=
0.67) but decreased with increasing GA (P < 0.001) and was higher
in neonates who had DR-ETT (P < 0.001) (Table 3.e). However, the
sample size in Group-2b was insufficient to rule out an association
with ANS. In Group-2c (DM and HTN), surfactant administration
was independently associated with ANS exposure (aOR 0.29, CI

0.12–0.71, P= 0.007), decreased with increasing GA (P < 0.001)
and was higher in neonates who had DR-ETT (P= 0.04) (Table 3.f).
Post-hoc multivariate analysis showed that the frequency of RDS
was lower after ANS administration in neonates born to women
with HTN (P= 0.006) but not in those born to women with DM but
not HTN (P= 0.995); the frequency decreased with increasing GA,
but did not change with Epoch (data not shown).
In summary, surfactant administration and RDS decreased with

increasing GA, but was not independently associated with Epoch.
Surfactant administration and RDS were independently associated
with ANS exposure in mothers with HTN. However, the effect of
ANS in moderate preterm neonates delivered of women with DM
but not HTN is unclear.

Mortality
In the absence of ANS, in-hospital mortality was not significantly
different in Group-1 vs Group-2 (3.2% vs. 1.0%, respectively, P=
0.08). In the first logistic regression model, mortality was
unaffected by ANS, Epoch, and Group (Table 2). In the stepwise
logistic regression model, mortality was associated with con-
genital anomaly (aOR 12.00, 95% CI 5.75, 25.06, P < 0.001), but
unaffected by GA, ANS, Epoch, race, sex, and Group.

GMH-IVH
Neurosonogram was obtained more frequently in Epoch-1 than
Epoch-2 (63.4% vs 56.9%, respectively, P= 0.005). In the absence
of ANS the frequency of GMH-IVH was not significantly different
between Group-1 and Group-2 (Table 2). In the first logistic
regression model, the frequency of GMH-IVH was unaffected by
ANS, Group, and Epoch (Table 2).
In stepwise forward logistic regression analysis (n= 1,093), the

frequency of GMH-IVH decreased with ANS exposure (aOR 0.67,
95% CI 0.49, 0.92, P= 0.01), increasing GA (aOR 0.77, 95% CI 0.68,
0.87, P < 0.001), increasing birthweight Z-score (aOR 0.87, 95% CI
0.75, 0.995, P= 0.04) and was higher in males (aOR 1.43, 95% CI
1.05, 1.95, P= 0.02). Subgroup analysis in all neonates in Group-1
(neither HTN nor DM, n= 552) showed that the frequency of
GMH-IVH decreased with increasing GA (aOR 0.78, CI 0.65, 0.94, P
= 0.009) and was higher after premature rupture of membranes
(aOR 1.84, CI 1.15, 2.95, P= 0.01) and DR-ETT (aOR 2.38, CI 1.40,
4.05, P= 0.001), but was not related to ANS exposure. Subgroup
analysis in all neonates in Group-2 (HTN and/or DM, n= 541)
showed that the aOR of GMH-IVH was lower with ANS exposure

Table 2. Comparisons of morbidities and mortality in neonates by Epoch, Group and ANS exposure.

Outcome ANS Epoch-1 April 25, 2011- September 20,
2015 n= 950

Epoch-2 September 21, 2015 - December
2018 n= 863

P value

Group-1 No
maternal HTN/DM

Group-2
Maternal
HTN or DM

Group-1 No
maternal HTN/DM

Group-2
Maternal
HTN or DM

Epoch Group ANS

ETT in
delivery room

No 19/105 (18%) 41/349 (12%) 9/52 (17%)a 7/35 (20%)a 0.002 0.050 0.047

Yes 62/439 (14%) 9/57 (16%) 24/369 (7%)b 24/407 (6%)b

Surfactant
administration

No 25/105 (24%)a 101/349 (29%)a 7/52 (14%) 10/35 (29%) 0.32 0.002 <0.001

Yes 58/439 (13%)b 5/57 (9%)b 37/369 (10%) 70/407 (17%)

GMH-IVH* No 11/71 (16%) 60/231 (26%) 6/27 (22%) 6/26 (23%) 0.59 0.12 0.20

Yes 49/262 (19%) 3/38 (8%) 26/192 (14%) 49/246 (20%)

Mortality No 2/105 (2%) 2/349 (1%) 3/52 (6%) 2/35 (6%) 0.25 0.79 0.58

Yes 7/439 (2%) 2/57 (3%) 4/369 (1%) 8/407 (2%)

Logistic regression analysis including three variables: Epoch, ANS, and Group.
In this model, ANS exposure was associated with less ETT in the delivery room and less surfactant administration but not with GMH-IVH or mortality.
Different superscripts down a column indicate significant pair-wise differences (ANS Yes vs. No) with Bonferroni correction.
ETT endotracheal tube insertion, GMH-IVH germinal matrix hemorrhage or intraventricular hemorrhage, HTN gestational hypertension, preeclampsia or
eclampsia, DM diabetes mellitus.
*Neurosonogram was obtained in 63.4% and 56.9% of neonates in Epoch-1 and Epoch-2, respectively (P = 0.005).
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(aOR 0.60, CI 0.40, 0.91, P= 0.02), decreased with increasing GA
(0.84, CI 0.72, 0.98, P= 0.03) and was higher after chorioamnionitis
(aOR 4.62, CI 1.20, 17.82, P= 0.03). The frequency of severe IVH
was insufficient for multivariate analyses and subgroup analyses.

Comparison of Parkland subgroup with the Moderate Preterm
Registry from the NICHD NRN
Between February 2012 and November 2013, 386 moderate
preterm neonates (383 excluding comfort care only) were
delivered at Parkland Hospital and 6,671 (6,631 excluding comfort
care only) in other centers participating in the moderate preterm
registry of the NICHD NRN (Table 4). Neonates born at Parkland
Hospital had similar average GA but greater average birthweight
than those born in other centers and were less likely to be SGA.
Despite a lower frequency of ANS exposure at Parkland Hospital
(P < 0.001) than in other centers, the frequency of DR-ETT and that
of surfactant administration at Parkland Hospital were significantly
lower (P= 0.005). Two thirds of neonates who were administered
surfactant had undergone DR-ETT at Parkland and in other
centers. The frequency of DR-ETT without cardiopulmonary
resuscitation (CPR) at Parkland Hospital did not differ from other
centers; however, the frequency of DR-CPR and that of DR-ETT

and/or DR-CPR were lower at Parkland than in other centers (P <
0.001 and P= 0.02, respectively).

DISCUSSION
Administration of ANS to women with HTN and/or DM in our
institution was limited for several years since women with DM had
been excluded from existing randomized controlled trials (RCTs).
There was also a clinical concern for delaying timely delivery in
high-risk pregnancies with HTN, in order to administer a course of
ANS, might result in increased fetal demise and/or maternal
morbidity. Subsequent expansion of ANS administration to
women with HTN and/or DM uniquely allowed us to examine
the hypothesis, i.e., is ANS exposure in moderate preterm
neonates associated with decreased surfactant administration for
RDS. Our data suggest that the association of ANS exposure with
decreased frequency of surfactant administration is similar in
moderate preterm neonates born to women with HTN (with or
without DM) when compared with those with neither HTN nor
DM. There was no association between ANS administration and
lower occurrence of DR-ETT. Thus, we provide new evidence
supporting efficacy of maternal ANS administration on the

Table 3. Multivariate analyses of variables affecting the odds ratio of surfactant administration in various groups. 3.a All 29–33 weeks’ GA neonates
(surfactant administration in 313 among 1813 neonates). 3.b Group-1: No maternal HTN/DM (surfactant administration in 127 among 965 neonates).
3.c Group-2: Maternal HTN or DM (surfactant administration in 186 among 848 neonates). 3.d Group-2a: Maternal HTN, no DM (surfactant
administration in 119 among 564 neonates). e Group-2b: Maternal DM, no HTN (surfactant administration in 26 among 157 neonates)*. 3.f Group-2c:
Maternal HTN and DM (surfactant administration in 41 among 127 neonates).

3.a. Variable Adjusted odds ratio (95% confidence interval) P Value

Antenatal steroid administration 0.47 (0.34, 0.65) <0.001

Group-2 vs. Group-1 1.82 (1.33, 2.49) <0.001

Premature prolonged rupture of membranes 0.58 (0.38, 0.86) 0.007

Gestational age (per week) 0.48 (0.43, 0.53) <0.001

1-minute Apgar score <5 1.52 (1.10, 2.11) 0.01

Endotracheal intubation in the delivery room 7.43 (4.96, 11.13) <0.001

3.b. Variable Adjusted odds ratio (95% confidence interval) P Value

Antenatal steroid administration 0.54 (0.31, 0.93) 0.03

Gestational age (per week) 0.51 (0.43, 0.60) <0.001

1-minute Apgar score <5 1.67 (1.02, 2.74) 0.04

Endotracheal intubation in the delivery room 9.41 (5.52, 16.04) <0.001

3.c. Variable Adjusted odds ratio (95% confidence interval) P Value

Antenatal steroid administration 0.41 (0.28, 0.61) <0.001

Premature prolonged rupture of membranes 0.31 (0.15, 0.65) 0.002

Gestational age (per week) 0.45 (0.39, 0.52) <0.001

Endotracheal intubation in the delivery room 7.12 (4.00, 12.80) <0.001

3.d. Variable Adjusted odds ratio (95% confidence interval) P Value

Antenatal steroid administration 0.36 (0.22, 0.58) <0.001

Gestational age (per week) 0.41 (0.33, 0.49) <0.001

Endotracheal intubation in the delivery room 6.97 (3.09, 15.72) <0.001

3.e. Variable Adjusted odds ratio (95% confidence interval) P Value

Gestational age (per week) 0.42 (0.29, 0.61) <0.001

Endotracheal intubation in the delivery room 12.02 (3.68, 39.33) <0.001

3.f. Variable Adjusted odds ratio (95% confidence interval) P Value

Antenatal steroid administration 0.29 (0.12, 0.71) 0.007

Gestational age (per week) 0.56 (0.40, 0.78) <0.001

Endotracheal intubation in the delivery room 3.79 (1.05, 13.73) 0.04

Stepwise logistic regression analyses using the following potential variables: Epoch, Group (Table 3.a only), ANS, race and ethnicity, chorioamnionitis,
premature rupture of membranes, GA, birthweight Z-score, sex, 1-min Apgar score less than 5.
ANS antenatal steroid, HTN gestational hypertension, preeclampsia or eclampsia, DM diabetes mellitus.
alimited to two variables because <30 neonates received surfactant.
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frequency of RDS requiring surfactant therapy in moderate
preterm neonates delivered of pregnant women with HTN.
Notably, the effect of ANS administration on surfactant adminis-
tration in moderate preterm neonates delivered of women with
DM but no HTN remains unclear.
Maternal DM is associated with an increased risk of neonatal

RDS [6]. Phospholipid profile analyses of amniotic fluid have
shown that RDS in IDMs is associated with delayed production of
phosphatidyl-glycerol and increase in phosphatidyl-inositol [7, 8].
Several additional mechanisms are involved in IDM-induced
RDS, including decreased production of hydrophobic surfactant
proteins B and C and inactivation of glycogen phosphorylase
A [6, 9–11]. In contrast, pre-eclampsia is associated with high
transplacental transport of maternal cortisol due to reduced
activity of placental 11 beta-hydroxysteroid dehydrogenase type 2
[12]; this could lead to less RDS and surfactant administration.
The association between ANS exposure and outcomes among

preterm neonates born to women with HTN and/or DM appears to
differ when GA is considered. In our previous study, we examined
ELGANs and observed an independent association of ANS
exposure with less frequent severe IVH and death or severe IVH,
but not mortality or surfactant administration in neonates born to
women with HTN and/or DM [5]. In the current study, we
examined moderate preterm neonates, i.e., 290/7–336/7 weeks GA,
and observed an independent association of ANS exposure with
decreased surfactant administration and decreased GMH-IVH, but
not DR-ETT or mortality in neonates born to women with HTN.
Neonatal mortality was independently associated with congenital
anomalies. ANS exposure was independently associated with less
surfactant administration in Group-1, Group-2a (HTN without DM)
and Group-2c (HTN and DM) but not in Group-2b (DM without
HTN). Meta-analysis of RCTs assessing the effects of ANS in a total
of 418 women with hypertensive syndromes showed similar
effects on multiple outcomes (i.e., IVH, neonatal death, RDS) in
comparison with trials in women without HTN [1]. It is notable that
the effects of ANS on neonatal outcomes in pregnant women with

DM have not been studied in RCTs and thus the effects remain
unclear [4, 24]. In a large US cohort from the NICHD Maternal-Fetal
Medicine Network, the authors reported similar neonatal out-
comes in association with ANS exposure in women with and those
without DM; however, they did not include the diagnosis of RDS or
surfactant administration [25].
Notably, we observed that the frequency of DR-ETT and that of

surfactant administration before ANS expansion were lower at
Parkland Hospital than in other centers within the NICHD NRN
despite lower ANS exposure. This difference may be in part related
to center heterogeneity in patients and/or practice (e.g.,
resuscitation team, criteria for DR-ETT and for surfactant admin-
istration). The frequency of DR-ETT without CPR was similar at
Parkland Hospital and other centers, however, the frequency of
DR-ETT with or without CPR was significantly lower at Parkland
Hospital. Most intubated neonates at Parkland Hospital did not
receive CPR, and CPR was less frequent at Parkland Hospital than
in other centers. We speculate that the ongoing training and
experience of the resuscitation team in achieving effective
ventilation at Parkland Hospital may have been critical.
In the stepwise logistic regression models in this study, the

frequency of DR-ETT at Parkland Hospital was not associated with ANS
exposure but decreased in Epoch-2, whereas the frequency of
surfactant administration was associated with ANS exposure but was
unchanged in Epoch-2. Previous studies have shown changes in DR
clinical practice at Parkland Hospital associated with: (1) a decrease in
DR-ETT in 28-34 weeks GA neonates from 19% in 2004–2005 to 9% in
2009–2010 after participation in the SUPPORT trial targeting 240/7–276/
7 weeks GA neonates;[26] (2) an increase in DR-CPAP in 35–42 weeks
GA neonates after implementation of new NRP guidelines for late
preterm and term neonates in 2011;[27] and (3) a quality improve-
ment project implemented in October 2015 to decrease DR-ETT in
preterm neonates ≤ 29 weeks GA, i.e., at almost the same time as
expansion of ANS to women with HTN and/or DM [28].
The present study has several strengths. First, perinatal manage-

ment at Parkland Hospital follows clearly defined guidelines

Table 4. Comparison of Parkland Hospital with the Moderate Preterm Registry from the National Institute of Child Health and Human Development
Neonatal Research Network, February 2012 to November 2013.

Entire registry* Parkland hospital Other NRN centers P Value

n= 386 n= 6,671

Maternal Hispanic ethnicity 271/386 (70.2%) 738/6,671 (11.1%) <0.001

Excluding neonates who received comfort care only** n= 383 n= 6,631

HTN 128/383 (33.4%) 2,236/6,610 (33.8%) 0.87

Insulin-dependent diabetes. mellitus 25/383 (6.5%) 498/6,612 (7.5%) 0.47

Chorioamnionitis 11/383 (2.9%) 484/6,561 (7.4%) <0.001

Prolonged rupture of membranes 103/383 (26.9%) 1,156/6,186 (18.7%) <0.001

Antenatal steroids 196/383 (51.2%) 5,737/6,567 (87.4%) <0.001

Gestational age (weeks) 31.5 ± 1.4 31.5 ± 1.4 >0.99

Birth weight (grams) 1,747 ± 427 1,693 ± 429 0.02

Small for gestational age 33/383 (8.6%) 1118/6,626 (16.9%) <0.001

5-minute Apgar score <5 20/383 (5.2%) 322/6,586 (4.9%) 0.77

Endotracheal intubation in the delivery room without CPR 49/383 (12.8%) 984/6,631 (14.8%) 0.27

CPR in the delivery room 1/383 (0.3%) 185/6,631 (2.8%) <0.001

Endotracheal intubation and/or CPR in the delivery room 50/383 (13.1%) 1170/6,631 (17.6%) 0.02

Surfactant administration 72/383 (18.8 %) 1753/6,629 (26.4%) <0.001

Endotracheal intubation in the delivery room among neonates who received surfactant 50/72 (69.4%) 1170/1,753 (66.7%) 0.63

Values are mean ± SD or number/total (%).
Student t-test, chi-square analysis or Fisher’s exact test
Abbreviations: HTN, gestational hypertension, preeclampsia or eclampsia; CPR, cardiopulmonary resuscitation; NRN, Neonatal Research Network.
aData from reference [6]
bdata from reference [7]
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established by the Divisions of Maternal-Fetal Medicine and
Neonatal-Perinatal Medicine. Second, the cohort was limited to a
period without any additional change in relevant perinatal practice
in moderate preterm neonates at Parkland Hospital. Specifically, the
cohort started after implementation of DR-CPAP for preterm
neonates ≤326/7 weeks’ GA and initiation of DR management with
21% O2 in preterm neonates [8], and stopped before initiation of less
invasive surfactant administration. Third, data were collected from
two prospective registries, including a long standing, well validated
NICU database [10, 11], with additional data extraction from the
electronic health records. Fourth, sample size was sufficient for
examining the primary outcome.
Limitations of the study include (1) lack of randomization of

ANS therapy thereby allowing analysis of associations only and
preventing any conclusion about causality; (2) multiple secondary
analyses with small sample size and without P-value adjustment,
which should be considered as hypothesis generating, (3)
insufficient sample size to assess changes in surfactant adminis-
tration with ANS in Group-2b (DM without HTN) and multivariate
analyses and subgroup analyses of severe IVH; and (4) limitations
of data sets included in the NICU database and the resuscitation
databases and lack of chart review in all women and neonates for
several other potential variables. Therefore we missed the
following variables for this study: (1) timing and completeness
of ANS administration, which may have been incomplete in
Groups-2a and -2c because of the obstetric concern for an
increase in risk in women with severe preeclampsia that may be
associated with delaying delivery in order to facilitate fetal
maturation; [4, 5] (2) pathologic chorioamnionitis; (3) an objective
parameter to assess severity of lung disease, such as ventilator
index or oxygen saturation index; [29, 30] and (4) hypoglycemia,
which has been observed more frequently with increasing GA and
is a common complication of ANS in late preterm but not
moderate preterm infants [31–33].
In summary, maternal ANS administration at Parkland Hospital

is independently associated with decreased frequency of post-
natal surfactant administration in moderate preterm neonates
delivered from women with HTN (with or without DM) and in
those delivered from women with neither HTN nor DM. In our
previous study in ELGANs, maternal ANS administration was
associated with an improvement in severe IVH and death or
severe IVH but not in surfactant administration [5]. Additional
studies of the efficacy of ANS in neonates delivered from women
with DM are still needed to determine benefit.
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