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Objective: The aim of this study is to compare the respiratory neonatal outcomes utilizing
antenatal dexamethasone sodium phosphate (DSP) versus a mixture of betamethasone
dipropionate and betamethasone sodium phosphate (B-DP/SP) for preterm births.

Patients and Methods: All neonatal intensive care unit (NICU) admissions for prematurity
were retrospectively identified at our center in the period between September 2016 and
September 2018. Pregnant women expected to give preterm birth and received steroid
injections whether it is DSP or B-DP/SP were included in the study. Maternal and obstetrical
data along with the corresponding respiratory neonatal outcomes were extracted and ana-
lyzed. The population was categorized according to the gestational age into extremely
preterm (less than 28 weeks), very preterm (28 up to 32 weeks) and moderate or late preterm
(32 up to 37 weeks) in which the repository outcomes were compared in each sub-group.
Results: A total of 650 premature neonates were included in the analysis. B-DP/SP
illustrated a significant reduction in the occurrence of respiratory distress syndrome (RDS)
among moderate or late preterm neonates (P = 0.003) compared to DSP. In contrast, a non-
significant difference was observed between B-DP/SP and DSP regarding apnea of prema-
turity and transient tachypnea of the newborn. The number of neonates developed chronic
lung disease has been remarkably reduced when using DSP in extremely (P = 0.038) and
very (P = 0.046) preterm neonates when compared to B-DP/SP.

Conclusion: The dual acting B-DP/SP formulation could possess a significant potential in
reducing RDS in moderate or late preterm neonates, while DSP groups exhibit a favorable
result in the development of chronic lung disease in extreme and very preterm cohorts. Such
findings emphasize the need of further clinical trials, pharmacokinetics, pharmacodynamics
and cost effectiveness studies to evaluate the durability of these findings.

Keywords: antenatal corticosteroids, dexamethasone, betamethasone dipropionate,

respiratory distress syndrome, apnea of prematurity

Introduction

Preterm birth is a fundamental concern to the standards of any health-care system
with approximately 14.84 million worldwide live premature births in 2014."
According to the World Health Organization (WHO), premature births are defined
as all births prior to 37 weeks of gestation, or less than 259 days since the first day
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of a woman’s last menstrual period.? Broadly, the causes
of prematurity can be classified into two major categories
comprising labor induction or caesarean births and spon-
taneous preterm births. The latter being further divided
into two subcategories the first with intact membranes
whereas the second with ruptured ones.’ Preterm birth,
the world’s leading cause of death in children younger
than five years of age in 2016 with almost 16% of all
deaths, and 35% mortality rate among newborns, presents
a key obstacle to many health-care systems.*
Notwithstanding the multiple and diverse short- and long-
term complications prematurity results in, among these are
respiratory distress syndrome (RDS), bronchopulmonary
dysplasia with other infectious and non-infectious respira-
tory pathologies, necrotizing enterocolitis along with reti-
nopathy and hypoxic ischemic encephalopathy.”® Despite
the challenging medical consequences, preterm births
impose an immense psychological distress and economic
burden as well.”'°

Multiple pharmacological interventions have been used
for prematurity, one of which is corticosteroids, that has
shown to enhance preterm management, ultimately

improving morbidity and mortality rates. "’
Corticosteroids can be administered either antenatally or
postnatally, with a major effect on mitigating the adverse
events of RDS, along with reducing the occurrence of
persistent patent ductus arteriosus (PDA) and pneumonia
disregarding any severe side effects such as neurodevelop-
mental impairment.'” The findings are attributable to its
physiological and biochemical role in improving the
respiratory function by replacing the natural activation of
the hypothalamic-adrenal axis enhancing lung maturity,
subsequently increasing the alveolar surfactant with rein-
forced response to surfactant therapy, along with lung
compliance and total volume. Moreover, on the biochem-
ical level, steroids induce their effects on a diversity of
cellular interactions within type II pneumocytes across
a range of glucocorticoid-regulated proteins in the fetal
lung.!>14

Multiple guidelines were designed and implemented
regarding the antenatal administration of antenatal corti-
costeroids including the NICE guideline, WHO recom-
ACOG committee opinion and SOGC

clinical practice guideline.'” Since both dexamethasone

mendations,

and betamethasone are two corticosteroids utilized as an
antenatal therapy in preterm deliveries. Many studies com-
pare the efficacy of dexamethasone sodium phosphate
(DSP) versus a dual acting betamethasone formulation

consisting of betamethasone sodium phosphate and beta-
methasone acetate. This work aims in determining the
possible differences in respiratory outcomes between the
use of antenatal dexamethasone versus a dual acting beta-
methasone formulation comprising betamethasone dipro-
pionate and betamethasone sodium phosphate (B-DP/SP).

Patients and Methods

This retrospective single-center study was conducted at
King Abdullah University Hospital (KAUH), a tertiary
academic care center that is affiliated with the Jordan
University of Science and Technology (JUST), to evalu-
ate and compare the effectiveness of two types of ster-
B-DP/SP DSP on the
development of respiratory disorders of premature neo-

oidal injections; versus
nates. After obtaining the Institutional Review Board
approval (IRB, Number: 2019/663), we retrospectively
identified all neonatal intensive care unit (NICU) admis-
sions for prematurity at KAUH in the period between
September 2016 and September 2018. Mothers of the
admitted preterm neonates were also identified. The fol-
lowing maternal and obstetrical information were
obtained: maternal age, number of gestations, gestational
age of delivery, type of steroid injection, type of delivery
(either elective or emergency), mode of delivery, type of
anesthesia and analgesia, maternal co-morbidities and
obstetrical complications. In addition, the following neo-
natal data were allocated: gender, birth weight, birth
depression, Apgar score at 5 minutes, RDS, transient
tachypnea of newborn (TTN), meconium aspiration,
apnea of prematurity, pulmonary hemorrhage, pneu-
mothorax, pulmonary hypertension, congenital pneumo-
nia, chronic lung disease, number of surfactant doses
given, number of neonates small or large for gestational
age, days of continuous mandatory ventilation (CMV)
use, days of continuous positive airway pressure (CPAP)
use, days of high flow nasal cannula (HFNC) use, days on
room air, aminophylline use, inhaled steroid use, dexa-
methasone: a randomized trial (DART) regimen utiliza-
tion, survival rate and length of hospitalization. Data
collection was conducted by well-trained pediatric resi-
dents and interns.

Women with a singleton or multiple pregnancies
expected to give preterm birth (before 37 weeks) as
a result of either spontaneous preterm labor, preterm pre-
mature rupture of membranes or elective preterm birth and
received steroid injections were included in the study. All
alive preterm neonates admitted to the NICU, including
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inborn and out-born neonates were also included.
Exclusion criteria included all stillbirths and infants who
were transferred outside of our institution (due to lack of
data) along with women who did not receive steroidal
injections. Data were divided according to the gestational
age into three groups; extremely preterm (less than 28
weeks), very preterm (28 up to 32 weeks) and late preterm
(32 up to 37 weeks) to minimize the heterogenicity and to
evaluate the effect of each steroidal formulation on the
respiratory outcomes in each category (DSP vs B-DP/
SPp).216

The obstetric service is conducted by ten full-time
consultant obstetricians who follow the same guidelines.
High-risk pregnancies are mostly followed by three quali-
fied maternal-fetal medicine specialists. The gestational
age of our participants was determined as documented in
the electronic charts. Most of the pregnant women
included in our analysis had their booking visit early in
gestation and the gestational age is estimated based on
early ultrasonography (US) and/or last menstrual period.
Two types of steroids were utilized in our center: DSP and
B-DP/SP. The DSP is given twice as 12 mg injection, 12
hours apart. B-DP/SP is formulated as a 2 mL-sterile
aqueous injectable suspension of betamethasone dipropio-
nate and betamethasone sodium phosphate equivalent to 5
and 2 mg betamethasone, respectively, in a sterile buffered
and preserved vehicle. It is given twice, 24 hours apart.

Our NICU unit is managed by three neonatology con-
sultants. This 30-incubator unit accommodates all inborn
neonates that need specialized care. In addition, 5-10% of
the admissions are transferred from local public and pri-
vate hospitals. Apart from pediatric cardiothoracic sur-
geries, all pediatric and surgical subspecialties are
available for consultations in our center. Among the indi-
cations for NICU admission are all preterm deliveries,
respiratory distress requiring any respiratory support
beyond transitioning, cases that require intravenous anti-
biotics based on risk assessment for sepsis, and cases with
major dysmorphism or suspected surgical issues. Also,
newborns in the well-baby nursery who require escalation
of support due to any change in their clinical exam,
respiratory status, feeding issues or jaundice are trans-
ferred to the NICU. Definitions of neonatal diseases and
outcomes are based on clinical presentation and supportive
laboratory investigations utilizing the standard interna-
tional criteria as applicable. The term prematurity was
used to describe live-born neonates delivered before com-
pleting 37 weeks of gestation. RDS diagnosis was given to

any preterm or occasionally term babies with signs of
respiratory distress and typical chest X-ray findings of
hyaline membrane disease including reticulogranular sha-
dows, air bronchograms or white-out lung fields.
Pneumothorax diagnosis was established with typical radi-
ological findings or with positive transillumination sign.
Pulmonary hypertension refers to typical echocardio-
graphic findings using the calculated tricuspid regurgita-
tion (TR) jet as a marker. Apnea of prematurity is
a cessation of breathing for 20 seconds or longer or
a shorter pause accompanied by bradycardia (less than
100 beats per minute), and cyanosis or pallor. Birth
depression refers to neonates born flaccid with respiratory
depression that requires resuscitation beyond the routine
newborn care steps. For certain variables and outcomes,
we calculated the total number of days while using
a specific intervention. This was applied for CMV, CPAP,
and HFNC. Number of surfactant doses are used as an
indicator for the severity of neonate’s condition. Surfactant
is used for intubated infants on 30% or more oxygen
whose clinical presentation and chest X-ray are consistent
with RDS. Also, the use of aminophylline for apnea of
prematurity, or the use of inhaled steroids and DART
regimen for chronic lung disease are marked as severity
indicators. All neonatologists follow the same institutional
guidelines.

Statistical analysis has been performed as previously
described.'” In brief, statistical analysis was performed using
IBM SPSS statistical package for windows version 26
(Armonk, NY, USA). Data are represented as Mean =+
Standard deviation of the mean (SD) for continuous normally
distributed data, median (interquartile range (IQR)) for non-
normally distributed data and frequency (percentage) for nom-
inal data. Normality was tested using the Kolmogorov—
Smirnov test. Chi-square test, Fisher’s exact test and likeli-
hood ratio were performed to identify any statistical signifi-
cance between groups accordingly for aforementioned
categorical variables and independent f-test for normally dis-
tributed continuous variables. P < 0.05 was considered statis-
tically significant. Two-way analysis of variance (ANOVA)
was used to compare the main effects of steroidal formulation,
and gestational age on Apgar score at 5 minutes, days on
CMYV, days on CPAP, days on HFNC, and length of stay.
Regarding two-way ANOVA, a P < 0.001 was arbitrarily
considered statistically significant due to the unequal sample
sizes. Partial Eta squared values were interpreted as having
a small effect for n> > 0.01, as a medium effect for n* > 0.06,
and as a large effect for n? > 0.14."® Simple effects tests were
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performed to investigate the nature of the interaction compar-
ing the effects of the type of steroid used within the gestational
age subgroups. Regression models were used to test for the
effect of any confounding variables in significantly different
variables retrieved within the study groups, primarily moder-
ate or late preterm. However, it was not performed for extre-
mely preterm and very preterm groups due to the lack of
sufficient number of observations. Binary logistic regression
was used to develop a model for the dichotomous variables;
RDS, meconium aspiration and inhaled steroids. If the patient
developed RDS or meconium aspiration or has been given
inhaled steroids a binary value of “1” was given otherwise
a value of “0” was given respectively. Variables used in the
models include maternal and fetal demographic characteris-
tics; maternal age, neonatal gender, number of gestations, birth
weight, mode of delivery, urgency status of the surgery, type of
anesthesia used along with the maternal comorbidities.

Results
Maternal and Neonatal Demographic

Characteristics

A total of 650 premature neonates admitted to the NICU
were included in the analysis. The distribution of infant’s
gender is almost equal (males: 307 (50.3%) and females:
303 (49.7%)). Singleton pregnancy was achieved in about
half of the cases (347 (55.3%)). The mean age of mothers at
delivery was 30.5 years corresponds to a median gestational
age of delivery of 34.2 weeks. Neonates were further clas-
sified according to the gestational age into extremely pre-
term (24 (3.7%)), very preterm (89 (13.7%)) and moderate
or late preterm (537 (82.6%)). B-DP/SP was given to 165
mothers resembling 25.4% while DSP was given to 485
reassembling 74.6% of the cases. Most deliveries were
urgent in nature (426 (79.8%)) in which 83.2% were cesar-
ean sections. Spinal anesthesia was used in the majority of
cases (309 (62.7%)) compared to general anesthesia (184
(37.3)). Table 1 shows the maternal and neonatal demo-
graphic characteristics in the selected population categor-
ized based on the type of steroid utilized. Forty-two (6.5%)
of the cases developed pre-eclampsia while only 25 (3.8%)
cases experienced gestational diabetes. Preterm premature
rupture of membranes (PPROM) was observed in 184
(28.4%) cases. Other maternal comorbidities were included
as: chronic hypertension (2.2%), gestational hypertension
(2.2%), diabetes mellitus (1.8%), hypothyroidism (2.6%),
thrombophilia (2.5%), abruption placenta (5.1%), placenta
previa (2.2%), polyhydramnios (0.6%), oligohydramnios

(1.7%), and chorioamnionitis (2.2%). Regarding maternal
complication, a non-significant difference was observed in
all the previously mentioned complications except for gesta-
tional diabetes (P = 0.008).

B-DP/SP versus DSP as Antenatal
Corticosteroids in Extremely Preterm
Births

A total of 24 neonates were categorized as extremely
preterm with a gestational age of less than 28 weeks,
which were further classified into B-DP/SP: 7 (4.2%) and
DSP: 17 (3.5%) Table S1
a comparative analysis result of the respiratory neonatal

sub-groups. shows
outcomes and therapeutic interventions between DSP and
B-DP/SP in extremely preterm neonates. DSP illustrated
a significant reduction in the occurrence of chronic lung
disease (P = 0.038). On the other hand, B-DP/SP group
used assisted respiratory machines more compared to DSP
as in CMV (P < 0.001), CPAP (P < 0.001) simultaneously
with higher hospitalization period (P < 0.001). These
findings are associated with a non-significant difference
between B-DP/SP and DSP with regard to RDS, apnea of
prematurity, transient tachypnea of the newborn, pneu-
mothorax, pulmonary hemorrhage, birthweight, birth
depression, Apgar scores, number of surfactant doses,
usage of DART and aminophylline, and the number of
neonates smaller for gestational age between B-DP/SP
and DSP. Unfortunately, the sample size in this sub-
group is extremely small impairing the statistical judgment
especially in the mortality rate which need further studies
to confirm these results.

DSP versus B-DP/SP as Antenatal

Corticosteroids in Very Preterm Births

A total of 89 neonates were categorized as very preterm
with a gestational age of 28 up to 32 weeks, which were
further classified into B-DP/SP: 16 (9.7%) and DSP: 73
(15.1%) sub-groups. Table 2 shows a comparative analy-
sis result of the respiratory neonatal outcomes and ther-
apeutic interventions between DSP and B-DP/SP in very
preterm neonates. The results obtained within this sub-
group deviated from the trend seen in the extremely
preterm group in which DSP neonates developed more
chronic lung disease (P = 0.046) and longer duration of
CPAP use (P < 0.001) in concomitance with nonremark-
able difference in hospitalization period compared to
B-DP/SP.  Other

previously mentioned respiratory
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Table | Maternal and Neonatal Demographic Characteristics

Variables Total (n = 650) B-DP/SP (n = 165) DSP (n = 485) P-value

Maternal age 30556 309 £ 5.7 303 £56 0.264

Gestational age (Mean, IQR?) 342 (2.8) 34.5 (2.5) 342 (2.9) 0.161
Extremely preterm 24 (3.7) 7 (42) 17 (3.5)
Very preterm 89 (13.7) 16 (9.7) 73 (15.1)
Moderate or late preterm 537 (82.6) 142 (86.1) 395 (81.4)

Neonatal gender 0.162
Males 307 (50.3) 85 (55.2) 222 (48.7)
Females 303 (49.7) 69 (44.8) 234 (51.3)

Number of gestations 0.003
Singleton 347 (55.3) 96 (60.4) 251 (53.6)
Twins 196 (31.3) 42 (26.4) 154 (32.9)
Triplets 72 (11.5) 13 (8.2) 59 (12.6)
Quadruplets 12 (1.9) 8 (5.0) 4 (0.9)

Birth weight in grams 2049.7 £ 572.0 2053.0 + 565.9 2048.6 + 574.7 0.085

Mode of delivery 0.422
Cesarean section 541 (83.2) 134 (81.2) 407 (83.9)
Vaginal delivery 109 (16.8) 31 (18.8) 78 (16.1)

Elective vs Emergency 0.040
Elective 108 (20.2) 19 (14.1) 89 (22.3)
Emergency 426 (79.8) 116 (85.9) 310 (77.7)

Anesthesia in cesarean section 0.291
General anesthesia 184 (37.3) 41 (33.3) 143 (38.6)
Spinal anesthesia 309 (62.7) 82 (66.7) 227 (61.4)

Anesthesia in vaginal delivery 1.000
Epidural 20 (58.8) 5 (62.5) 15 (57.7)
Morphine 14 (41.2) 3 (37.5) 11 (42.3)

Maternal comorbidities
Chronic hypertension 14 (2.2) 3(1.8) 11 (2.3) 1.000
Gestational hypertension 14 (2.2) 7 (4.2) 7 (1.4) 0.055
Pre-eclampsia 42 (6.5) 13 (7.9) 29 (6.0) 0.391
Gestational diabetes 25 (3.8) 12 (7.3) 13 (27) 0.008
Diabetes mellitus 12 (1.8) 2 (1.2) 10 (2.1) 0.740
Hypothyroidism 17 (2.6) 3(1.8) 14 (2.9) 0.581
Thrombophilia 16 (2.5) 6 (3.6) 10 (2.1) 0.255
Abruptio placenta 33 (5.1) 8 (4.8) 25 (5.2) 0.877
Placenta previa 14 (2.2) 3(1.8) I (2.3) 1.000
Polyhydramnios 4 (0.6) 1 (0.6) 3 (0.6) 1.000
Oligohydramnios I (1.7) 5(3.0) 6 (1.2) 0.158
Maternal HBsAg® 5(0.8) 1 (0.6) 4 (0.8) 1.000
Premature rupture of membranes 184 (28.4) 46 (27.9) 138 (28.6) 0.853
Chorioamnionitis 14 (2.2) 6 (3.6) 8 (1.7) 0.210

Notes: Data are presented as mean * standard deviation (SD) or frequency (percentage). *Interquartile range. "Reactive Hepatitis B surface antigen.

outcomes including RDS, apnea of prematurity, pneu-
mothorax, pulmonary hemorrhage, meconium aspiration,
birthweight, birth depression, Apgar scores, number of
surfactant doses, usage of DART and aminophylline,
and the number of neonates smaller and larger for gesta-

tional age were totally non-significant between B-DP/SP

and DSP groups.

DSP versus B-DP/SP as Antenatal
Corticosteroids in Moderate or Late
Preterm Births

A total of 537 neonates were categorized as moderate or late
preterm with a gestational age of 32 up to 37 weeks, which
were further classified into B-DP/SP: 142 (86.1%) and DSP:
395 (81.4%) sub-groups. Table 3 shows a comparative
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Table 2 A Comparative Analysis of the Respiratory Neonatal Outcomes and Therapeutic Interventions Between DSP and B-DP/SP in

Very Preterm Neonates

Variables Very Preterm (n = 89)
B-DP/SP (n = 16) DSP (n =73) P-value

Respiratory distress syndrome 13 (81.3) 68 (93.2) 0.151
Apnea of prematurity 1 (6.3) 17 (23.3) 0.176
Transient tachypnea of the newborn 0 (0.0) 0 (0.0 *
Chronic lung disease 0.046

No 15 (93.8) 50 (69.4)

Mild 1 (6.3) 12 (16.7)

Moderate 0 (0.0 10 (13.9)

Severe 0 (0.0) 0 (0.0)
Pneumothorax 1 (6.3) 342 0.563
Congenital pneumonia 0 (0.0) 0 (0.0 *
Pulmonary hemorrhage 0 (0.0) I (1.4) 1.000
Pulmonary hypertension 0 (0.0) 0 (0.0) *
Meconium aspiration 0 (0.0) 1 3.3) 1.000
Birth weight in grams 1336.9 + 425.5 1419.5 + 324.5 0.499
Birth Depression 0 (0.0) 7 (9.6) 0.343
Small for gestational age 8 (50.0) 24 (32.9) 0.196
Large for gestational age 0 (0.0) 1 (1.4) 1.000
Apgar score at 5 minutes 8208 8014 0.564
Number of surfactant dosages 0.227

0 7 (50.0) 18 (24.7)

| 3 (21.4) 33 (45.2)

2 3(21.4) 14 (19.2)

3 1 (7.1) 8 (11.0)

4 0 (0.0 0 (0.0
Use of aminophylline 8 (50.0) 47 (64.4) 0.284
Inhaled steroids 6 (37.5) 35 (47.9) 0.448
DART® 1 (6.3) 9 (12.3) 0.683
Days on CMV® 1.9 £3.0 57+82 0.022
Days on CPAP® 76 +57 149 £ 12.1 < 0.001
Days on HFNC* 0.0 £ 0.0 1.9 £57 0.33
Length of stay in days 28.1 £ 10.5 348 + 21.4 0.059
Mortality (Alive percentage) 15 (93.8) 63 (86.3) 0.681

Notes: Data are presented as mean % standard deviation (SD) or frequency (percentage) within B-DP/SP and DSP groups. *Cannot generate a P-value due to insufficient
data. *Dexamethasone: A Randomized Trial. "Continuous mandatory ventilation. “Continuous positive airway pressure. ®High flow nasal cannula.

analysis result of the respiratory neonatal outcomes and
therapeutic interventions between DSP and B-DP/SP in mod-
erate or late preterm neonates. B-DP/SP group showed
a significant lower rate of RDS (P = 0.003) compared to
DSP with non-significant difference in apnea of prematurity,
transient tachypnea of the newborn, pneumothorax, pulmon-
ary hemorrhage, birthweight, birth depression, Apgar scores,
number of surfactant doses, and the number of neonates
smaller and larger for gestational age between B-DP/SP
and DSP except for meconium aspiration (P = 0.046).
B-DP/SP group showed a lower usage for inhaled steroids
(P =0.014) compared to DSP with nonsignificant difference
in the usage of aminophylline, DART, CMV, CPAP, and

HFNC associated with unremarkable difference in hospitali-
zation period and mortality rates.

Logistic Regression Models

A binary logistic regression was performed to ascertain the
effects of maternal and fetal demographic characteristics and
maternal comorbidities on the likelihood for developing RDS
in moderate or late preterm pregnancies. The logistic regres-
sion model was statistically significant, y* (26) = 116.573, P <
0.001. The model explained 28.7% (Nagelkerke R?) of the
variance in RDS and correctly classified 68.2% of the cases.
Neonatal gender (P =0.045), number of gestations (P =0.002),
birth weight (P < 0.001), placenta previa (P = 0.016),
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Table 3 A Comparative Analysis of the Respiratory Neonatal Outcomes and Therapeutic Interventions Between DSP and B-DP/SP in

Very Preterm Neonates

Variables Moderate or Late Preterm (n = 537)
B-DP/SP (n = 142) DSP (n = 395) P-value

Respiratory distress syndrome 42 (29.6) 172 (43.9) 0.003
Apnea of prematurity 7 (4.9) 36 (9.2) 0.107
Transient tachypnea of the newborn 11 (7.7) 26 (6.6) 0.654
Chronic lung disease 0.603

No 140 (98.6) 382 (98.2)

Mild 1 (0.7) 4 (4.0)

Moderate 1 (0.7) 1 (0.3)

Severe 0 (0.0 2 (0.5)
Pneumothorax 0 (0.0) 2 (0.5) 1.000
Congenital pneumonia 0 (0.0) 0 (0.0) *
Pulmonary hemorrhage 1 (0.7) 0 (0.0) 0.267
Pulmonary hypertension 0 (0.0) 0 (0.0) *
Meconium aspiration 4 (7.8) 2 (1.4) 0.046
Birth weight in grams 2191.2 + 455.3 2219.1 + 466.3 0.519
Birth Depression 3(2.1) 11 (2.8) 0.769
Small for gestational age 43 (30.3) 119 (30.1) 0.972
Large for gestational age 3 (2.1) 6 (1.5) 0.705
Apgar score at 5 minutes 86 % I.1 86 % 1.0 0.983
Number of surfactant dosages 0.101

0 72 (78.3) 174 (70.2)

| 16 (17.4) 58 (23.4)

2 3(33) 11 (4.4)

3 0 (0.0 5(2.0)

4 I (1.1) 0 (0.0)
Use of aminophylline 1 (0.7) 12 3.1) 0.201
Inhaled steroids 4 (2.8) 36 (9.2) 0.014
DART* 2 (1.4) 4 (1.0 0.659
Days on CMV® 05+20 09 + 3.6 0.646
Days on CPAP® 24 + 46 38+ 49 0.051
Days on HFNC? 02+1.0 03+18 0.651
Length of stay in days 8.7 %108 9.6 £92 0.510
Mortality (Alive percentage) 138 (97.9) 377 (96.7) 0.578

Notes: Data are presented as mean % standard deviation (SD) or frequency (percentage) within B-DP/SP and DSP groups. *Cannot generate a P-value due to insufficient
data. *Dexamethasone: A Randomized Trial. "Continuous mandatory ventilation. “Continuous positive airway pressure. “High flow nasal cannula.

premature rupture of membranes (P = 0.002), and maternal
chorioamnionitis (P = 0.014), all significantly affected the
development of RDS in addition to the type of steroid used
(P =0.001) (Table S2). The model for meconium aspiration
was statistically insignificant y* (24) =27.399, P=0.286. With
none of the variables having any predictability role in the
development of meconium aspiration for moderate or late
preterm births (Table S3). Table S4 Represents binary logistic
regression values with the inhaled steroids as a dependent
variable;the third model concerning the requirement of inhaled
steroids was statistically significant y* (26) = 103.029, P <
0.001 and it was able to explain 35.3% (Nagelkerke R?) of the

variance and could correctly classify 88.5% of the cases. Birth
weight (P <0.001) along with placenta previa (P = 0.012) and
the number of gestations-quadruplets (P = 0.022) significantly
resulted in the use of inhaled steroids. However, the type of
steroid did not have any affect (P = 0.062) hence the significant
result retrieved using Chi-square test can be the result of the
confounding influence of majorly birth weight and the pre-
sence of placenta previa.

Discussion
The current study provides a novel insight to the effect of
steroidal formulation on the development of neonatal
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respiratory complications. The key findings include
a significant reduction in the occurrence of RDS among
moderate or late preterm neonates (P = 0.003) compared
in the B-DP/SP group compared to DSP. In contrast,
a non-significant difference was observed between B-DP/
SP and DSP regarding apnea of prematurity and transient
tachypnea of the newborn. The number of neonates devel-
oped chronic lung disease has been remarkably reduced
when using DSP in extremely (P = 0.038) and very (P =
0.046) preterm neonates when compared to B-DP/SP. No
effect was observed with respect to pneumothorax, pul-
monary hypertension, pulmonary hemorrhage, congenital
birthweight, birth
depression, Apgar scores and the number of neonates

pneumonia, meconium aspiration,
smaller and larger for gestational age between B-DP/SP
and DSP.

Since 1972, when Liggins and Howie discovered the
importance of antenatal corticosteroid therapy for preterm
infants with its outstanding role in improving the mortality
and morbidity rates, a large growing body of the literature
has been devoted to study such rationale including which
type of corticosteroids should be utilized, its dose and
dosage form along with the corresponding short and long-
term sequalae, which induced a lot of controversies in the
medical literature.'®® One of these arguable questions is
whether to use betamethasone or dexamethasone in such
setting? Crowther et al have performed a multicenter dou-
ble-blind, randomized controlled trial to evaluate the mor-
tality and neurosensory disabilities of intramuscular
dexamethasone versus betamethasone in preterm infants.
The study enrolled 1346 women along with 1509 fetuses
which revealed a non-significant difference between both
groups regarding deaths and neurosensory disabilities at
the age of 2 years.”' An updated meta-analysis including
30 studies to evaluate the role of antenatal corticosteroids
in the fetal lung maturation for women at risk of preterm
birth. The analysis has included 7774 pregnant women and
8158 infants which revealed that antenatal corticosteroids
significantly decreased perinatal death, neonatal death,
RDS, intraventricular hemorrhage, necrotizing enterocoli-
tis, need for mechanical ventilation and systemic infec-
tions during the first 48 hours of life. Adding to this,
corticosteroids therapy did not impact chronic lung dis-
ease, mean birthweight, neurodevelopment delay along
with childhood or adulthood mortality rates. One of the
highlighted results of the same analysis suggests no defi-
nite or significant difference between betamethasone or
dexamethasone in the mentioned context.*>

Most of these studies compare dexamethasone in its
sodium phosphate form versus a mixture of betamethasone
acetate and betamethasone sodium phosphate. Herein, we
represent for the first time, a comprehensive retrospective
clinical analysis to evaluate the respiratory outcomes dif-
ference between DSP and an intramuscular injection com-
posed of a mixture of betamethasone dipropionate and
betamethasone sodium phosphate, as an antenatal therapy
for expected preterm deliveries. B-DP/SP is considered as
dual acting drug formulation that exhibits rapid and
immediate short action due to the fast hydrolysis and
release of betamethasone sodium phosphate while the
dipropionate ester has slow hydrolysis rate leading to
a sustained release effect from the site of injection.”
A similar mechanism of action is seen by replacing the
dipropionate ester with acetate ester. This formulation is
more popular and has been used in a variety of clinical
applications and studies compared to B-DP/SP formula.**
Jobe et al have previously determined the minimal fetal
therapeutic concentration of corticosteroids which is about
1 ng/mL for a continuous 48 hours using several animal
models and neonatal blood samples data. The authors
suggest that the long-acting betamethasone acetate is not
ideal for an antenatal corticosteroid since it is associated
with prolonged fetal exposure, carrying the risk of
unwanted complications and side effects.>> The dual acting
formulation is designed to enhance its efficacy with the
administration of single injection per day. This rationale is
still questionable regarding its efficacy and safety.

The
a retrospective manner due to the variability of corticos-
teroids supplied between DSP and B-DP/SP, associated
with the large number of deliveries in KAUH since it is

current study has been performed in

the leading tertiary hospital in northern Jordan.?® A total of
650 neonates were retrospectively identified as preterm
infants with antenatal corticosteroids therapy. The selected
population of neonates covers a wide spectrum of clinical
settings with several numbers of gestations, modes of
delivery and maternal comorbidities. Neonates in both
groups have a similar mean maternal and gestational age
with no significance seen. The included neonatal popula-
tion have a similar trend regarding birth weight, B-DP/SP
and DSP groups have a birth weight mean value of 2053.0
+ 5659 and 2048.6 + 574.7 grams,
Subsequently, a non-remarkable difference was also

respectively.

observed in the percentage of neonates smaller and larger
for the corresponding gestational age in both groups. It has
been previously reported that antenatal corticosteroids
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therapy reduces birth weight, height and head circumfer-
ence without a known clinical significance in term
neonates.”’*® In addition, multiple doses of antenatal cor-
ticosteroids exposure have been linked to an apparent
decrease in fetal growth in a dose-response manner with
the possibility of long-term developmental effects.”” ' On
the other hand, the previously mentioned meta-analysis
indicates that antenatal corticosteroids do not influence
birthweight in preterm neonates.*>

The major highlight of the current study is the signifi-
cant reduction in the incidence of RDS in neonates treated
with B-DP/SP compared to DSP in moderate or late pre-
term (P =
observed in extreme and very preterm. In the latest pub-

0.003) with a non-significant difference

lished systematic review and network meta-analysis dis-
cussing the differences between dexamethasone and
betamethasone for preterm births which engaged 11,227
women and 11,878 infants throughout 45 studies. It
revealed a non-significant difference regarding neonatal
mortality rates, intraventricular hemorrhage, neurodeve-
lopmental disabilities and birthweight. Dexamethasone
has been associated with higher rates in developing endo-
metritis and RDS. However, it can decrease the develop-
ment of chorioamnionitis and fetal death.>* These findings
could be attributed to the pharmacokinetic properties of
each formulation. A 1:1 mixture of betamethasone phos-
phate and betamethasone acetate has a fast and sustained
release in which its plasma levels could be detected after
14 days of a single intramuscular injection. Moreover,
dexamethasone has a terminal half-life of 5.5 hours com-
pared to 11 hours with the dual acting betamethasone
mixture.”> From a pharmacodynamic point of view, the
dual acting betamethasone formulation cause a long-
standing adrenal suppression associated with high glucose
levels, an increase in neutrophils and a decrease in baso-
phils and lymphocytes counts (CD3CD4 and CD3CDS§
subsets).>”

The occurrence rate of TTN in the tested groups was
non-significant across the gestational age categories. To
the best of our knowledge, no definitive studies have
explored the differences between corticosteroids sub-
types and their impact in the occurrence of TTN in preterm
neonates. In the current study, we could not identify pre-
term neonates who developed TTN without corticosteroids
therapy since many preterm deliveries in KAUH are trea-
ted antenatally with DSP or B-DP/SP, so, the role of
corticosteroids in the incidence of TTN could not be
group.  Antenatal

determined without a control

corticosteroids exhibit its greatest effect in reduction of
TTN when given beyond 34 weeks of gestation, such
intervention should be outwaited for serious side effects
as neonatal hypoglycemia.** But its role in the late preterm
(34-36 weeks of gestation) is still controversial, some case
control studies and randomized clinical trials indicate that
antenatal corticosteroids do not reduce the incidence of
respiratory disorders in newborns, neither its outcomes nor
morbidities.>>>7 On the other hand, several randomized
clinical trials suggest that corticosteroids are beneficial in
reducing respiratory complications for late preterm neo-
nates including TTN.?*-°

The occurrence rates of pneumothorax in both groups
were extracted since it is a serious and life-threatening
respiratory complication of RDS in preterm neonates.*’
Both groups illustrated a non-remarkable statistical differ-
ence in the occurrence of pneumothorax. Overwhelming
evidence supports the fact that antenatal corticosteroids ther-
apy whether it is dexamethasone or betamethasone based
does not impact pneumothorax. In a prospective study that
engaged 11,022 preterm infants revealed that corticosteroids
therapy does not affect pneumothorax or pulmonary hemor-
rhage, such findings are concurrent with the non-significant
results among tested groups.*' Another prospective observa-
tional study conducted to evaluate the comorbidities among
late preterm infants revealed that exposure to prenatal corti-
costeroids did not affect the incidence of pneumothorax. The
same study suggests that corticosteroids therapy did not
significantly decrease the need for CMV, CPAP or fluid
therapy while the use of surfactants and oxygen therapy
with NICU admission were remarkably reduced in the trea-
ted groups.* It has been elucidated that antenatal corticos-
teroid whether it is betamethasone or dexamethasone based
do not impact the incidence of chronic lung disease as pre-
viously described.”® In contrast, this work suggests
a significant reduction in chronic lung disease among
extreme and very preterm neonates.

Conclusion

The current work describes for the first time the neonatal
respiratory outcomes utilizing DSP versus B-DP/SP for
preterm births. Significant changes regarding the men-
tioned outcomes emphasize the role of a specific antenatal
corticosteroid formulation with its relation to multiple
short-term respiratory outcomes. The current study pos-
sesses several limitations represented by its retrospective
nature. We could not identify preterm infants without
antenatal corticosteroid therapy. The lack of control
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group restricts the ability to differentiate between a non-
significant result between study groups and the role of
corticosteroid in the occurrence of specific pathological
setting. A limited sample size noticed in the extreme and
very preterm categories could impact any generated sig-
nificances which needs further evaluation. The long-term
effects of B-DP/SP were not addressed considering the
lack of data availability in the computerized system.
Antenatal corticosteroids have been previously linked to
mental and behavioral disorders in children as observed in
674,877 singletons born in Finland.** Future work should
focus on addressing non-respiratory long- and short-term
effects as in the case of neurosensory disabilities and
endocrinopathies. Comprehensive pharmacokinetics and
pharmacodynamics studies to compare multiple dual-
acting betamethasone formulations are also endorsed. In
addition, a cost effectiveness study for B-DP/SP versus
DSP is also recommended.
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