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Double-blind, non-inferiority, randomized  «==

controlled trial of dexamethasone 4, 5 and 6 mg
for preventing adverse neonatal and maternal
outcomes in very preterm to late preterm
pregnancies between 29 ° and 36 © weeks

of gestation: study protocol

Saifon Chawanpaiboon'’, Punnanee Wutthigate?, Sanitra Anuwutnavin' and Sureelak Sutchritpongsa®

Abstract

Background Premature birth poses significant health challenges, including respiratory distress syndrome (RDS).
Corticosteroids reduce the incidence of RDS, but higher dexamethasone doses may lead to adverse neonatal out-
comes, such as growth restriction and neurodevelopmental issues. Determining the appropriate dose is crucial

to balance efficacy and safety. Dexamethasone is inexpensive and widely available in most low- and middle-income
countries. This study aims to compare the efficacy and safety of 4-mg, 5-mg and 6-mg dexamethasone in prevent-
ing RDS among preterm infants. This trial aims to determine whether lower dexamethasone doses are as effective

as the standard dose in preventing RDS in preterm infants. By assessing efficacy and potential adverse outcomes, this
study will provide critical insights for optimizing treatment protocols and improving neonatal care.

Methods This randomized controlled trial will include pregnant women with gestational ages between 29°

and 36° weeks admitted to Siriraj Hospital and three secondary centres in Thailand. The participants will be randomly
assigned to receive intramuscular dexamethasone at 4 mg, 5 mg or 6 mg, which will be administered every 12 h

for a total of four doses over 48 h. The same dose will be used for rescue or repeat courses. The primary outcome will
be the incidence of RDS, defined by clinical criteria and confirmed by a neonatologist. The secondary outcomes will
include other adverse neonatal and maternal outcomes.

Results The study requires 1,560 participants, accounting for a 15% loss to follow-up. The data will be analysed

via descriptive statistics, chi-squared tests for categorical data, and one-way ANOVA or Kruskal-Wallis tests for con-
tinuous data. An independent Data Safety Monitoring Board will conduct interim analyses every 3 months to ensure
participant safety and study integrity.

Discussion This trial addresses the gap in research regarding optimal dexamethasone dosing for preventing RDS
in preterm infants. The study will provide evidence on whether lower doses of dexamethasone (4 and 5 mg) are
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and efficacy.

Transient tachypnoea

as effective as the standard 6-mg dose and will examine their potential adverse outcomes. The results will guide
adjustments to medical practice guidelines, aiming to align them with clinical practices while ensuring safety

Trial registration page https://www.thaiclinicaltrials.org/export/pdf/TCTR20220511003 10/05/2022.

Keywords 4-mg dose, 5-mg dose, 6-mg dose, Antenatal corticosteroids, Apnoea, Dexamethasone, Dose-response,
Hypoglycaemia, Late preterm, Moderately preterm, Prematurity, Preterm birth, Respiratory distress syndrome,

Background

The importance of antenatal corticosteroids

Steroids or glucocorticoids have been widely used to
prevent respiratory distress syndrome (RDS) in neo-
nates at high risk of preterm birth. These agents have
demonstrated effectiveness in reducing morbidity and
mortality in premature infants [1]. Glucocorticoids
cross the placenta and induce surfactant formation,
which has been shown to reduce RDS and prevent
intraventricular haemorrhage and necrotizing entero-
colitis in premature infants [2].

Currently, institutions worldwide, including the
National Institutes of Health, the Royal College of
Medicine, the American College of Obstetricians and
Gynecologists [3] and others [4—6], recommend ster-
oid administration for the prevention of RDS in neo-
nates at high risk of preterm birth. Two steroids are
commonly used: betamethasone and dexamethasone.
Dosing is based on the infant’s glucocorticoid concen-
tration. Compared with the physiological stress dose of
cortisol observed in premature infants with RDS, the
recommended steroid dosage results in 75-80% glu-
cocorticoid receptor occupancy, which is sufficient to
stimulate lung function [7].

Higher doses or increased frequencies of glucocor-
ticoid administration have not shown additional ben-
efits in stimulating lung function. Moreover, they may
cause potential adverse effects, including adrenal insuf-
ficiency, foetal growth restriction and increased risk of
infection due to excessive immunosuppression [8].

The impact of preterm birth on health and quality of life

Caring for preterm babies poses significant public
health and financial challenges, and preterm birth
adversely affects the quality of life for both newborns
and their families [9-13]. Each year, approximately 15
million infants are born prematurely worldwide, with
prematurity defined as birth before 37 weeks of gesta-
tion [14]. In 2020, an estimated 2.4 million newborns

died, with 0.88 million of these deaths due to complica-
tions arising from premature birth [4, 15, 16].

The complications include respiratory distress syn-
drome (RDS), necrotizing enterocolitis, intraven-
tricular haemorrhage, sepsis, bronchopulmonary
dysplasia and retinopathy of prematurity [17-19]. RDS,
a frequent short-term complication in preterm infants,
results from underdeveloped foetal lungs and insuffi-
cient surfactant production [20, 21]. As gestational age
increases, lung development and surfactant production
improve, leading to a decreased incidence of RDS [22,
23].

Benefits of corticosteroids in preventing preterm
complications
Corticosteroids are frequently administered to mothers
at risk of preterm delivery to prevent RDS. These drugs
significantly reduce mortality and morbidity in preterm
newborns, lowering foetal morbidity by 15%, neonatal
morbidity by 21%, neonatal RDS by 28% and intraven-
tricular haemorrhage by 42% [24]. Importantly, the use
of corticosteroids does not increase maternal morbidity,
chorioamnionitis or postpartum endometritis [24].
Corticosteroids enhance neonatal outcomes through
various mechanisms, particularly by promoting sur-
factant production [8, 25-33] and the maturation of
multiple organ systems, including the respiratory, gas-
trointestinal and central nervous systems [29, 30].
Additionally, corticosteroids help reduce the incidence
of intraventricular haemorrhage [24, 30, 34-37] and
necrotizing enterocolitis [38—40].

Use of dexamethasone and betamethasone to prevent
neonatal RDS and other adverse outcomes

Many international organizations recommend the use
of dexamethasone and betamethasone to accelerate
foetal lung development in women at risk for preterm
birth, thereby preventing neonatal RDS [4, 5, 41-46].
These organizations include the American College of
Obstetricians and Gynecologists, the Royal College of
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Obstetricians and Gynaecologists and the Society for
Maternal-Fetal Medicine. Both dexamethasone and bet-
amethasone can cross the placenta [30, 44, 47, 48].

Two intramuscular injection regimens are currently
recommended: 24 mg of dexamethasone (4 doses of
6 mg, 12 h apart) or 24 mg of betamethasone (2 doses of
12 mg, 24 h apart). The efficacy and safety of these drugs
are comparable [17, 48—51]. However, the WHO recom-
mendations on interventions to improve preterm birth
outcomes [4] suggest that dexamethasone be preferred
over betamethasone owing to its lower cost, broader
availability and use for various other medical indica-
tions. Additionally, dexamethasone is included in the
WHO Model List of Essential Medicines 2021 and most
national essential medicine lists, including Thailand’s
National List of Essential Medicines 2021 [49, 50].

In Thailand, dexamethasone has been used to pre-
vent RDS in women at risk for preterm birth for at least
50 years because of its affordability and effectiveness.

Short- and long-term effects of antenatal corticosteroid
exposure

While corticosteroids have been used to reduce compli-
cations in preterm neonates for more than 50 years, few
studies have investigated the long-term effects of ante-
natal corticosteroid exposure. Research in humans has
indicated that preterm neonates whose mothers receive
antenatal corticosteroid therapy tend to have lower
birth weights and reduced head circumference and body
length [51-53]. Additionally, rodent studies have shown
that in utero corticosteroid exposure is linked to low
birth weight, changes in foetal programming, alterations
in hypothalamic—pituitary—adrenal axis function, cardio-
vascular and blood pressure effects, and disruptions in
glucose homeostasis and metabolism [54].

Several retrospective studies and animal experiments
have suggested that repeated corticosteroid administra-
tion can lead to foetal growth restriction and neuronal
damage, with some reports indicating behavioural disor-
ders later in life [55-58]. Higher doses or frequencies of
antenatal corticosteroids do not enhance lung maturation
in preterm newborns. Instead, these drugs have adverse
effects, such as prolonged adrenal suppression [8, 59],
foetal growth restriction [60—62] and an increased risk of
infection due to excessive immune suppression [63].

Moreover, high doses of antenatal corticosteroids nega-
tively impact foetal programming and metabolism [64]
and increase the risk of neurodevelopmental and neu-
ropsychological impairments [65]. There is also evidence
suggesting a trend towards higher rates of cerebral palsy
in children born after 34 weeks of gestation who receive
four or more full courses of betamethasone. However,
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this trend is not observed with half courses [66, 67].
Rodent studies imply that lower doses of antenatal bet-
amethasone may be less harmful to brain development,
indicating a potential benefit in dose reduction [68, 69].

Study objectives

Dexamethasone is widely used to prevent RDS in prema-
ture infants because of its cost-effectiveness and broad
application across various medical fields, particularly
obstetrics and gynaecology. The standard recommended
regimen involves administering four 6-mg injections of
dexamethasone to mothers at risk of preterm birth, given
12 h apart. However, most hospitals use dexamethasone
ampoules containing 4 or 5 mg, as the 6-mg form is not
available. Consequently, at the Department of Obstet-
rics and Gynaecology at the Faculty of Medicine Siriraj
Hospital, a 5-mg dose is administered intramuscularly
four times, 12 h apart, which deviates from international
guidelines recommending a 6-mg dose.

Despite the long-standing use of the 5-mg dose at
Siriraj Hospital for more than 50 years, no studies have
evaluated its effectiveness compared with the standard
6-mg dose in preventing RDS. A previous study reported
that the 5-mg dose is comparable to the 6-mg dose, with
a lower incidence of neonatal hypoglycaemia [70]. There-
fore, a 4-mg dose of dexamethasone is also of interest for
investigation. Our research team aims to conduct a com-
parative study on the use of 4-mg and 5-mg doses of dex-
amethasone versus the standard 6-mg dose. This study
seeks to determine whether there is a significant differ-
ence in the occurrence of RDS, short- and long-term
adverse outcomes in neonates, and adverse outcomes in
mothers. The goal is to align medical practice guidelines
with actual practice, ensuring the safe and appropriate
administration of steroid doses to mothers at risk of pre-
mature birth without causing harm to the infants.

Methods and study design

This study will be conducted as a double-blind, rand-
omized, controlled, non-inferiority trial across multiple
centres. The principal investigation centre will be Siriraj
Hospital, Bangkok, Thailand, with three secondary inves-
tigation centres as follows:

1. Pranangklao Hospital, Nonthaburi, Thailand
2. Chonburi Hospital, Chonburi, Thailand
3. Vajira Hospital, Bangkok, Thailand

The study protocol has been approved by the Siriraj
Institutional Review Board, Faculty of Medicine Siriraj
Hospital, Mahidol University (Si-1796/2022). The trial
has been registered with the Thai Clinical Trials Registry
(TCTR20220511003).
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Objectives

Primary objective

The primary objective is to compare the effects of dexa-
methasone at doses of 4, 5 and 6 mg on the incidence of
RDS in premature infants between 29° and 36° weeks of
gestation.

RDS is defined as infants exhibiting respiratory dis-
tress, which is characterized by clinical signs such as
rapid breathing (>60 breaths per minute), nasal flaring,
grunting sounds, and chest retractions. Additionally, the
infants may be receiving non-invasive positive pressure
ventilation or intubation, and/or surfactant replacement
therapy [13, 46]. Diagnoses of RDS will be confirmed by a
neonatologist.

Secondary objectives
The secondary objectives are as follows:

1. To compare the effects of dexamethasone on infants
with RDS between 29° and 36° weeks of gestation, as
defined in the primary objective.

2. To assess the effects of various doses of dexametha-
sone on adverse outcomes other than RDS in pre-
term infants with gestational ages of 29°-31° weeks
(very preterm), 32°-33° weeks (moderately preterm)
and 34°-36° weeks (late preterm) and their mothers
during the postpartum period. The adverse events
include the following:

+ Apgar score<7.

+ Infants requiring positive pressure ventilation.

+ Infants transferred to the neonatal intensive care unit
within 72 h of birth.

+ Infants requiring respiratory support (non-invasive
respiratory support or intubation using maximum
respiratory support within 72 h of life).

+ Other neonatal outcomes:

+ Transient tachypnoea of the newborn.

+ Congenital pneumonia.

+ Intraventricular haemorrhage > Grade 2 according to
the Papile classification [71].

+ Necrotizing enterocolitis>grade 2 according to
modified Bell’s staging criteria [72, 73].

+ Early-onset sepsis (blood culture positive within 72 h
of life).

+ DPatent ductus arteriosus.

+ Hypoglycaemia within the first 48 h after birth.

+ Maternal infections after birth, including cho-
rioamnionitis and postpartum endomyometritis
(fever>38 °C, abdominal pain, parametrial ten-
derness, foul-smelling lochia, white blood cell
count >15,000).

+ The lengths of hospital stays for infants and mothers
after birth.
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3. To follow up infant development (neurodevelopmen-
tal assessment) at:

+ Corrected age 12—18 months (using the Bayley Scales
of Infant and Toddler Development, Fourth Edition).

+ Corrected age 2 years (using the Mullen Scales of
Early Learning).

Definitions

1. Bronchopulmonary dysplasia [74]

« For infants born at <32 weeks gestation

- A chest X-ray image that demonstrates findings con-
sistent with persistent lung parenchymal disease.

- The need for oxygen or respiratory support at 36
weeks postmenstrual age to maintain oxygen satura-
tion in the range of 90-95% for >3 consecutive days.

- Infants requiring mechanical ventilation due to
central hypoventilation or airway disease will be
excluded.

+ The severity of bronchopulmonary dysplasia will be
classified according to an infant’s fraction of inspired
oxygen and the degree of respiratory support needed,
as shown in Table 1.

2. Pulmonary hypertension in bronchopulmonary dys-
plasia [75]

+ Screening criteria:

- Newborns with a gestational age of less than 29
weeks.

- A birth weight of less than 1,000 g.

- Diagnosis of bronchopulmonary dysplasia at 36
weeks post-birth.

+ Infants meeting these criteria will be screened for
pulmonary hypertension in bronchopulmonary dys-
plasia by echocardiography at 34-36 weeks post-
birth by an expert neonatal cardiologist. The diag-
nosis of pulmonary hypertension in patients with
bronchopulmonary dysplasia will be made according

Table 1 Severity of bronchopulmonary dysplasia based on the
fraction of inspired oxygen and degree of respiratory support
needed

Ventilator CPAP/BiPAP/ NC1-3LPM NC<1LPM O, hood

NIPPV/NC>3

LPM
I - 0.21 0.22-0.29 0.22-0.70 0.22-0.29
Il 0.21 0.22-0.29 <03 >0.70 <03
Il >0.21 =03 - - -

llla  The infant dies between DOL 14 and PMA 36 weeks due to persis-
tent lung parenchymal disease

BiPAP bilevel positive airway pressure, CPAP continuous positive airway pressure,
DOL day of life, LPM litres per minute, NC nasal cannula, NIPPV non-invasive
positive pressure ventilation, O, hood oxygen hood, PMA postmenstrual age
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to the guidelines of the Pediatric Pulmonary Hyper-
tension Network, as detailed in Table 2.

Sample-size calculation

Our comparative study aims to investigate the effects of
different dexamethasone doses on the incidence of RDS
in premature infants between 29° and 36° weeks of gesta-
tion. Data from the Medical Statistics Unit, Department
of Obstetrics and Gynaecology, Faculty of Medicine Siriraj
Hospital, indicate that premature infants whose mothers
received a 5-mg dose of dexamethasone before birth had
an RDS rate of 10%.

Assuming non-inferiority in the incidence of RDS for
dexamethasone doses of 4, 5 and 6 mg, we have set a non-
inferiority margin of 10%. With a statistical significance
level of 0.05 and a test power of 80%, we have calculated a
sample size of 446 individuals per group using the nQuery
Advisor programme.

Accounting for an estimated loss to follow-up of approxi-
mately 15%, we require a sample size of 520 individuals per
group. As the study comprises three groups, the total sam-
ple size needed is 1,560 participants.

Inclusion criteria

1. Pregnant women delivering between 29° and
36° weeks of gestation (calculated from menstrual
history and first-trimester ultrasound).

2. Singleton pregnancies.

3. Pregnant women with preterm labour (defined as
having regular uterine contractions and changes in
cervical dilation and/or effacement) or regular uter-
ine contractions and cervical dilation of at least 2 cm
at first admission.

4. Pregnant women providing informed consent to par-
ticipate in the research.
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Exclusion criteria
1. Pregnant women under 18 years of age.
2. Pregnant women administered steroids before

29 weeks of gestation.

Pregnant women allergic to steroids.

4. Pregnant women with infections or other contraindi-
cations.

5. Pregnant women with gestational diabetes requiring
treatment with hypoglycaemic drugs.

w

Withdrawal or termination criteria

Volunteers will be withdrawn from the research imme-
diately if they receive dexamethasone and experience an
allergic reaction or severe side effects from the drug.

Study design and participant allocation

Blind allocation and stratified randomization

After obtaining maternal consent, participants will be
randomly allocated into three groups to receive dexa-
methasone doses of 4, 5 or 6 mg. This allocation pro-
cess will be blinded to ensure unbiased results. Only one
researcher will be responsible for the randomization code
and hence aware of the group assignments. All other
research team members and the physicians, nurses and
patients will remain blind to the allocations.

The randomization will be performed via a computer-
generated list and a web-based application with secure
access. Stratified randomization will be employed to
ensure a balanced distribution across different gesta-
tional age groups: 28°-31° weeks, 32°-33° weeks and
34°-36° weeks, in a ratio of 1:1:8. This stratification is
crucial for addressing the varying risks and outcomes
associated with different stages of prematurity.

The randomization sequence will be centrally gener-
ated and concealed until the completion and locking of
the database. Each participant will be assigned a study
number corresponding to a treatment pack containing
identical, opaque and study-labelled vials to maintain
blinding throughout the study.

Table 2 Criteria for diagnosing pulmonary hypertension in bronchopulmonary dysplasia per the Pediatric Pulmonary Hypertension

Network guidelines

Level of severity Echocardiography findings

No PHT

RVSP < 1/3 SBP by TR gradient; septal position rounded at end-systole of LV; no RVH; normal RV size and function; if present, large

VSD or PDA gradients suggesting < 1/3 systemic RV pressures

Mild PHT

Moderate PHT
have reduced function

Severe PHT
velocity shunting across PDA or VSD

RVSP 1/3-1/2 SBP; flattening of IVS at end-systole of LV; mild RVH and RV dilatation; RV function may be normal
RVSP ¥2-2/3 SBP; flattening of IVS at end-systole of LV or with late systolic posterior bowing; moderate RVH or dilatation; RV may

RVSP>2/3 SBP; if present, shunt with predominant R-L gradient; pansystolic posterior septal bowing; severe RVH; RV dilatation; low

IVS interventricular septum, LV left ventricle, PDA patent ductus arteriosus, PHT pulmonary hypertension, R-L right to left, RV right ventricle, RVH right ventricular
hypertrophy, RVSP right ventricular systolic pressure, SBP systolic blood pressure, TR tricuspid regurgitation, VSD ventricular septal defect
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This approach ensures that the allocation process is
both concealed and unbiased, thereby maintaining the
integrity of the study and the validity of the outcomes.
Figure 1 illustrates the stratified randomization process
and group allocation.

Participant recruitment
Pregnant women with a gestational age between 29° and
36° weeks who present with labour pains or ruptured
membranes and are admitted to Siriraj Hospital will be
informed about the study and asked to provide signed
consent to participate.

Randomization and group assignment

Doctors and research assistants will identify eligible
women requiring dexamethasone and will randomly
assign them to one of three study groups via a statistically
generated randomization table. A total of 1,560 partici-
pants will be recruited, with 520 women in each group.

+ Group A will receive dexamethasone in doses of
4 mg.

+ Group B will receive dexamethasone in doses of
5 mg.

Pregnant women, singleton, GA
29°-36° weeks (n= 1600 )

[ Enrollment ]
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+ Group C will receive dexamethasone in doses of
6 mg.

Gestational age distribution (stratified randomization)
Participants will be stratified on the basis of gestational
age as follows:

« Early preterm (gestational age 28°-31° weeks): 10%.

o Moderately preterm  birth  (gestational age
32°-33° weeks): 10%.

+ Late preterm birth (gestational age 34°-36° weeks):
80%.

The sample collection ratio within each group will be
1:1:8.

Dexamethasone administration

1. Participants in Groups A, B and C will receive intra-
muscular dexamethasone at doses of 4 mg, 5 mg and
6 mg, respectively, every 12 h for a total of four doses
over 48 h.

Excluded (n= )

+ Not meeting inclusion criteria (n= )
+ Declined to participate (n= )

+ Other reasons (n= )

Randomized (n= 1560 ) |

}

Allocation

|

Allocated to intervention (n=520)
+ Received allocated intervention (n= )
«+ Did not receive allocated intervention (give

reasons) (n= ) reasons) (n= )

Allocated to intervention (n=520)
+ Received allocated intervention (n= )
+ Did not receive allocated intervention (give

Allocated to intervention (n=520)

+ Received allocated intervention (n= )

+ Did not receive allocated intervention (give
reasons) (n= )

| Follow-Up l

4

Lost to follow-up (give reasons) (n=_)

Discontinued intervention (give reasons) (n=_)

Lost to follow-up (give reasons) (n=_)

Discontinued intervention (give reasons) (n=_)

Lost to follow-up (give reasons) (n=_)

Discontinued intervention (give reasons) (n=_)

l Analysis l

l |

Analysed (n= )
+ Excluded from analysis (give reasons) (n= )

Analysed (n= )

+ Excluded from analysis (give reasons) (n=

Analysed (n= )
+ Excluded from analysis (give reasons) (n= )

Fig. 1 Study design and participate allocation (CONSORT 2010 Flow Diagram)
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2. If a participant delivers before completing the 48-h
regimen, the number of doses received will be docu-
mented.

Re-admission and rescue versus repeat courses

1. If a participant is discharged without having deliv-
ered but is later re-admitted with preterm labour and
requires another course of dexamethasone, she will
receive the same dose as initially assigned.

2. The study coder, who is the only person with knowl-
edge of the dexamethasone doses, will be contacted
to disclose the dose previously received.

Data recording post-delivery
The following data will be recorded after delivery:

1. Newborn characteristics: Information will be col-
lected on the newborn’s sex, weight, Apgar score and
need for positive pressure ventilation. Additionally,
the respiratory rate and any transfer to the neonatal
intensive care unit or nursery will be documented.

2. Neonatal complications: The need for respiratory
support and the occurrence of various complica-
tions will be recorded. These include RDS, transient
tachypnoea of the newborn, apnoea, intraventricular
haemorrhage, necrotizing enterocolitis, early-onset
sepsis and pneumonia.

3. Maternal outcomes: Post-delivery infections, includ-
ing chorioamnionitis and postpartum endomyome-
tritis, will be recorded. Endomyometritis is charac-
terized by fever >38 °C, abdominal pain, parametrial
tenderness, foul-smelling lochia and a white blood
cell count >15,000. Additionally, the lengths of hospi-
tal stays for both mothers and infants will be docu-
mented.

Neonatal follow-up
Neonatologists will conduct neonatal follow-up assess-
ments as follows:

1. Preterm neonates:

+ Daily visits will be undertaken from Day 1 to Day 7
and again on Day 28.

+ Assessments will be made of vital and ventilation
parameters, along with primary and secondary out-
come measures.

2. Full-term neonates:
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« Visits will be conducted on Day 1 and 48 h after birth
in the postpartum units.

3. Final research visit:

+ Preterm neonates: evaluations will be performed in
neonatology units.

+ Full-term neonates: assessments will be undertaken
in the postpartum units on the day of hospital dis-
charge.

+ During the final research visits, neonatologists will
review the secondary outcome measures to ensure
comprehensive monitoring and evaluation of the
infants’ health and development.

Long-term follow-up

Certified neuropsychologists will conduct neurodevelop-
mental assessments when the children reach 2 years of
age. However, these evaluations are not included in the
current protocol.

Safety monitoring
An independent Data Safety Monitoring Board (DSMB),
appointed by the Deputy Dean of Research at Siriraj
Hospital, will oversee the trial’s safety. The DSMB, com-
prising experts in obstetrics, neonatology and clinical
trial methodology, will conduct evaluations during each
interim analysis or when requested by the sponsor or
steering committee.

At its initial meeting, the DSMB will ensure that the
study’s methodology aligns with participants’ safety. Prior
to each subsequent meeting, the DSMB will receive:

1. A comprehensive list of all adverse events.
2. A statistical report detailing the study population and
interim analysis results.

The DSMB may recommend halting the trial temporar-
ily or permanently if unexpected or unacceptable risks to
the women or newborns are identified, or if the interim
analysis indicates non-inferiority or futility.

Data monitoring and analysis

1. The DSMB will analyse data every 3 months.

2. The study will be terminated immediately if the anal-
ysis reveals statistically significant complications in
mothers or newborns, such as RDS.
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Initial data review

1. The preliminary analysis will focus on the
29°-31%-week gestational age group, with 20 cases
per dose group.

2. The results will be reported to the DSMB, and subse-
quent meetings will be organized to review the find-
ings.

3. The following data will be documented:

+ The need for respiratory support.

+ Occurrences of RDS, transient tachypnoea of the
newborn, apnoea, intraventricular haemorrhage,
necrotizing enterocolitis, early-onset sepsis and
pneumonia.

+ Instances of maternal post-delivery infections,
such as chorioamnionitis and postpartum endo-
myometritis. Endomyometritis is characterized
by fever>38 °C, abdominal pain, parametrial ten-
derness, foul-smelling lochia and white blood cell
count > 15,000.

+ Lengths of hospital stays for both mothers and
infants.

Statistical methods for data analysis

General patient data analysis

Continuous data will be presented as means and stand-
ard deviations or as medians and ranges. Categorical data
will be expressed as counts and percentages.

Comparative analysis between groups

Categorical data will be analysed via the chi-squared test.
Continuous data will be assessed using one-way ANOVA
for normally distributed data or the Kruskal-Wallis test
for non-normally distributed data.

Analysis population

The primary non-inferiority statistical analysis and
interim analyses will be conducted using both the inten-
tion-to-treat and per-protocol principles.

+ Intention-to-treat analysis. This will include all ran-
domized patients, who will be analysed in the treat-
ment group to which they were originally assigned,
regardless of the treatment received.

+ Per-protocol analysis. This will include only those
participants who strictly adhere to the protocol in
terms of eligibility, interventions and outcome assess-
ment. Participants will be excluded from this analysis
if they:

+ Do not meet the eligibility criteria.
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+ Do not receive any intervention after randomization.

+ Receive the intervention intended for the opposite
arm as their first or rescue course.

+ Receive an overdose of the intervention or if it is
administered intravenously.

In both analyses, participants will be reviewed in
their original randomization arm if they receive the first
course as randomized but are subsequently administered
an incomplete rescue course.

Interim analyses

Interim analyses will be conducted after every 300 cases
from the total of 1,560 cases. These analyses will follow
the same intention-to-treat and per-protocol principles
detailed above.

Final analyses

Data analysis and reporting will adhere to the CONSORT
guidelines for non-inferiority randomized controlled tri-
als. We will compare both groups based on the character-
istics of the women and neonates. Qualitative variables
will be summarized via numbers and percentages for
each treatment group.

The final primary non-inferiority statistical analyses
will include all neonates enrolled in the trial, including
those not covered in the interim analyses. We will esti-
mate the difference between the failure rates observed
across all groups, along with the two-sided confidence
intervals. This difference will be compared to the critical
value corresponding to the number of women included
to determine non-inferiority. A figure displaying the
confidence intervals and the non-inferiority margin will
summarize the primary outcome.

Primary outcome analysis
The primary outcome will be the incidence of RDS in
premature infants (gestational age 28°—36° weeks).

Secondary clinical outcome analyses
The continuous variables will include Apgar scores<7,
infants requiring positive pressure ventilation, infants
transferred to the neonatal intensive care unit, maternal
postpartum infection and lengths of hospital stays. The
data for these variables will be compared between groups
via one-way ANOVA for normally distributed data or the
Kruskal-Wallis test for non-normally distributed data,
with differences between groups reported with 95% con-
fidence intervals.

Categorical data will be compared using the chi-
squared test or Fisher’s exact test.

Analyses of other pre-specified secondary outcomes
will involve estimations and comparisons among the
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4-mg, 5-mg and 6-mg dosage groups. The 95% confi-
dence intervals for the differences between groups will
be constructed. All the statistical tests will be two-sided,
with the level of statistical significance set at 5%.

Discussion

Administering antenatal dexamethasone to women at
risk of preterm delivery is associated with significant
benefits for preterm infants, particularly in reducing the
incidence of RDS. However, the optimal dose of dexa-
methasone remains unclear, with high doses potentially
leading to adverse short-term and long-term neonatal
outcomes. Therefore, determining the appropriate dos-
age is crucial for balancing efficacy and safety.

Our study aims to compare the effects of 4-mg, 5-mg
and 6-mg doses of dexamethasone on the incidence
of RDS in premature infants born between 29° and
36° weeks of gestation. By evaluating these different
doses, we seek to identify a regimen that is non-inferior
to the higher dose while minimizing adverse outcomes.
This research is critical because the currently recom-
mended doses are based on studies conducted decades
ago. There is a pressing need for updated, evidence-based
guidelines.

Our randomized controlled trial is meticulously
designed, utilizing stratified randomization to ensure
balanced allocation across the different gestational age
groups (28—31, 32-34 and 34 weeks onwards) in a 1:1:8
ratio. This approach ensures that our findings will be
robust and applicable to a diverse population of preterm
infants. Except for the researcher who manages the cod-
ing, all research team members will be blind to the allo-
cations. This blinding methodology will minimize bias
and enhance the validity of our results.

Neonatal follow-up will be conducted daily until dis-
charge to monitor vital and ventilation parameters and
primary and secondary outcomes. Long-term neurode-
velopmental assessments are planned at 3 years of age
to evaluate the lasting impact of the different doses,
although this is not part of the present protocol.

Interim analyses will be conducted every 300 cases to
ensure the ongoing safety of the participants. The pri-
mary non-inferiority analysis will follow both the inten-
tion-to-treat and per-protocol principles, ensuring a
comprehensive data evaluation.

If our study demonstrates that lower doses of dexa-
methasone are non-inferior to higher doses in preventing
RDS and associated complications, it could lead to a sig-
nificant shift in clinical practice. Reducing the dose could
minimize potential adverse effects, improving short- and
long-term outcomes for preterm infants. This research
could provide critical evidence to support revised dosing
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guidelines, ultimately benefiting countless women and
their children at risk of preterm delivery.

Conclusions

This study aims to evaluate the efficacy and safety of dif-
ferent doses of dexamethasone (4, 5 and 6 mg) in pre-
venting RDS in preterm infants. By comparing these
doses, we seek to identify a regimen that is as effective
as the standard higher dose but with potentially reduced
adverse effects. Our rigorous trial design, which includes
stratified randomization and blind allocation, ensures
robust and unbiased results. Regular interim analyses
and comprehensive neonatal follow-up will help safe-
guard participants’ well-being and provide insights into
immediate and long-term outcomes. If successful, this
research could lead to updated dosing guidelines that
better balance efficacy and safety, ultimately improving
the management of preterm labour and neonatal health.

Abbreviations
DSMB  Data safety monitoring board
RDS Respiratory distress syndrome

Acknowledgements
Not applicable.

Principal investigation centre
Siriraj Hospital, Bangkok, Thailand

Secondary investigation centres

Pranangklao Hospital, Nonthaburi, Thailand

Vajira Hospital, Bangkok, Thailand

Chonburi Hospital, Chonburi, Thailand

The complete list of author information is provided at the end of the article.

Secondary investigation centres

1. Pranangklao Hospital, Nonthaburi, Thailand
« Benjamas Kitnithee, MD, Department of Obstetrics and Gynecology
- Ornnat Wanasitchaiwat, MD, Department of Obstetrics and Gynecology
« Yossawadee Kittiratanapinan, MD, Department of Obstetrics and
Gynecology
« Chothip Nasawas, MD, Department of Pediatrics
2. Vajira Hospital, Faculty of Medicine Vajira Hospital, Navamindradhi-
raj University, Bangkok, Thailand
« Petcharat Jenkumwong, MD, Division of Maternal-Fetal Medicine, Depart-
ment of Obstetrics and Gynecology
+ Chadakarn Phaloprakarn, MD, Division of Maternal-Fetal Medicine,
Department of Obstetrics and Gynecology
3. Chonburi Hospital, Chonburi, Thailand
+ Chanwut Thitirattanachot. Department of Pharmacy
- Sawarat Chaijindaratana, MD, Department of Obstetrics and Gynecology
« Teera Siwadune, MD, Department of Obstetrics and Gynecology
- Thitiwan Lomdee, MD, Department of Obstetrics and Gynecology

Author contributions

S.C,PW, S.A,and S.S. conceptualized and designed the study. S.C. was
responsible for data collection and management. S.C. conducted the statisti-
cal analysis, wrote the main manuscript text and prepared the figures and
tables. All authors reviewed and provided critical revisions to the manuscript.
All authors approved the final version of the manuscript and agree to be
accountable for all aspects of the work.



Chawanpaiboon et al. Reproductive Health (2025) 22:30

Funding

We are grateful for the financial support provided by the Faculty of Medicine
Siriraj Hospital, Mahidol University (grant number [I0] R016633021) and the
Royal Thai College of Obstetricians and Gynaecologists (funds provided by
Pol. Gen. Dr. Jongjate Aowjenpong). The opinions expressed in this report do
not necessarily reflect those of the Royal Thai College of Obstetricians and
Gynaecologists.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

Ethics approval has been granted by the Faculty of Medicine Siriraj Hospital
(Si480/2019). All the authors have completed the International Committee
of Medical Journal Editors’ Form for Uniform Disclosure of Potential Conflicts
of Interest and declare that they have nothing to disclose. All procedures
involving human participants will be conducted in accordance with the ethi-
cal standards of the institutional research committee and the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.

Consent to participate
Written informed consent will be obtained from all study participants.

Competing interests
The authors declare no competing interests.

Author details

'Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynaecol-
ogy, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700,
Thailand. 2Division of Neonatology, Department of Pediatrics, Faculty

of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand. *Divi-
sion of Child Development and Behaviour, Department of Pediatrics, Faculty
of Medicine Siriraj Hospital, Mahidol University, Bangkok 10700, Thailand.

Received: 26 January 2025 Accepted: 4 February 2025
Published online: 03 March 2025

References

1. Crowley P. Prophylactic corticosteroids for preterm birth. Cochrane Data-
base Syst Rev. 2000,2:Cd000065.

2. Crowley PA. Antenatal corticosteroid therapy: a meta-analysis of the rand-
omized trials, 1972 to 1994. Am J Obstet Gynecol. 1995;173(1):322-35.

3. ACOG Committee Opinion No. 475: antenatal corticosteroid therapy for
fetal maturation. Obstet Gynecol. 2011;117(2 Pt 1):422-4.

4. WHO Guidelines Approved by the Guidelines Review Committee. WHO
recommendations on interventions to improve preterm birth outcomes.
Geneva: World Health Organization; 2015.

5. Stock SJ, Thomson AJ, Papworth S. Antenatal corticosteroids to reduce
neonatal morbidity and mortality: green-top guideline No. 74. BJOG.
2022;129(8):e35-60.

6. Sweet DG, Carnielli VP, Greisen G, Hallman M, Klebermass-Schrehof K,
Ozek E, et al. European consensus guidelines on the management of res-
piratory distress syndrome: 2022 update. Neonatology. 2023;120(1):3-23.

7. Ballard PL, Gluckman PD, Liggins GC, Kaplan SL, Grumbach MM. Steroid
and growth hormone levels in premature infants after prenatal beta-
methasone therapy to prevent respiratory distress syndrome. Pediatr Res.
1980;14(2):122-7.

8. Ballard PL, Ballard RA. Scientific basis and therapeutic regimens for use of
antenatal glucocorticoids. Am J Obstet Gynecol. 1995;173(1):254-62.

9. Practice Bulletin No. 171: management of preterm labor. Obstet Gynecol.
2016;128(4):155-64.

10. Beam AL, Fried |, Palmer N, Agniel D, Brat G, Fox K, et al. Estimates of
healthcare spending for preterm and low-birthweight infants in a com-
mercially insured population: 2008-2016. J Perinatol. 2020;40(7):1091-9.

11. Hodek JM, von der Schulenburg JM, Mittendorf T. Measuring economic
consequences of preterm birth—methodological recommendations

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

Page 10 of 11

for the evaluation of personal burden on children and their caregivers.
Health Econ Rev. 2011;1(1):6.

. Lakshmanan A, Song AY, Belfort MB, Yieh L, Dukhovny D, Friedlich PS,

et al. The financial burden experienced by families of preterm infants
after NICU discharge. J Perinatol. 2022;42(2):223-30.

. Wang ML, Dorer DJ, Fleming MP, Catlin EA. Clinical outcomes of near-

term infants. Pediatrics. 2004;114(2):372-6.

. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan

D, et al. Global, regional, and national estimates of levels of preterm birth
in 2014: a systematic review and modelling analysis. Lancet Glob Health.
2019;7(1):e37-46.

. The United Nations Inter-agency Group for Child Mortality Estimation

(UNIGME). Levels & Trends in Child Mortality: Report 2021. New York:
United Nations Children’s Fund; 2021.

. Lawn JE, Kinney M. Preterm birth: now the leading cause of child death

worldwide. Sci Transl Med. 2014;6(263):263-321.

. Institute of Medicine Committee on Understanding Premature B, Assur-

ing Healthy O. The National Academies Collection: Reports funded by
National Institutes of Health. In: Behrman RE, Butler AS, editors. Preterm
Birth: Causes, Consequences, and Prevention. Washington (DC): National
Academies Press (US)

. Platt MJ. Outcomes in preterm infants. Public Health.

2014;128(5):399-403.

. Randis TM. Complications associated with premature birth. Virtual Men-

tor. 2008;10(10):647-50.

Altman M, Vanpée M, Cnattingius S, Norman M. Neonatal morbidity in
moderately preterm infants: a Swedish national population-based study.
J Pediatr. 2011;158(2):239-44.e1.

Stoll BJ, Hansen NI, Bell EF, Shankaran S, Laptook AR, Walsh MC, et al. Neo-
natal outcomes of extremely preterm infants from the NICHD Neonatal
Research Network. Pediatrics. 2010;126(3):443-56.

Ainsworth SB. Pathophysiology of neonatal respiratory distress syn-
drome: implications for early treatment strategies. Treat Respir Med.
2005;4(6):423-37.

Rubarth LB, Quinn J. Respiratory development and respiratory distress
syndrome. Neonatal Netw. 2015;34(4):231-8.

McGoldrick E, Stewart F, Parker R, Dalziel SR. Antenatal corticosteroids for
accelerating fetal lung maturation for women at risk of preterm birth.
Cochrane Database Syst Rev. 2020;12(12):Cd004454.

Garbrecht MR, Klein JM, Schmidt TJ, Snyder JM. Glucocorticoid metabo-
lism in the human fetal lung: implications for lung development and the
pulmonary surfactant system. Biol Neonate. 2006;89(2):109-19.
Gunasekara L, Schirch S, Schoel WM, Nag K, Leonenko Z, Haufs M, et al.
Pulmonary surfactant function is abolished by an elevated proportion of
cholesterol. Biochim Biophys Acta. 2005;1737(1):27-35.

Haviv HR, Said J, Mol BW. The place of antenatal corticosteroids

in late preterm and early term births. Semin Fetal Neonatal Med.
2019,24(1):37-42.

Jobe AH, lkegami M. Lung development and function in preterm infants
in the surfactant treatment era. Annu Rev Physiol. 2000;62:825-46.
Liggins GC. The role of cortisol in preparing the fetus for birth. Reprod
Fertil Dev. 1994,6(2):141-50.

McKinlay CJ, Dalziel SR, Harding JE. Antenatal glucocorticoids: where are
we after forty years? J Dev Orig Health Dis. 2015,6(2):127-42.

Polglase GR, Nitsos |, Jobe AH, Newnham JP, Moss TJ. Maternal and intra-
amniotic corticosteroid effects on lung morphometry in preterm lambs.
Pediatr Res. 2007,62(1):32-6.

Wapner RJ. Antenatal corticosteroids for periviable birth. Semin Perinatol.
2013;37(6):410-3.

Whitsett JA, Matsuzaki Y. Transcriptional regulation of perinatal lung
maturation. Pediatr Clin North Am. 2006;53(5):873-87.

Leviton A, Kuban KC, Pagano M, Allred EN, Van Marter L. Antenatal
corticosteroids appear to reduce the risk of postnatal germinal matrix
hemorrhage in intubated low birth weight newborns. Pediatrics.
1993;91(6):1083-8.

Liu J, Feng ZC, Yin XJ, Chen H, Lu J, Qiao X. The role of antenatal corticos-
teroids for improving the maturation of choroid plexus capillaries in fetal
mice. Eur J Pediatr. 2008;167(10):1209-12.

Lohle M, Mller T, Wicher C, Roedel M, Schubert H, Witte OW, et al. Beta-
methasone effects on fetal sheep cerebral blood flow are not dependent



Chawanpaiboon et al. Reproductive Health (2025) 22:30

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

on maturation of cerebrovascular system and pituitary-adrenal axis. J
Physiol. 2005;564(Pt 2):575-88.

Stonestreet BS, Petersson KH, Sadowska GB, Pettigrew KD, Patlak CS.
Antenatal steroids decrease blood-brain barrier permeability in the ovine
fetus. Am J Physiol. 1999;276(2):R283-9.

Israel EJ, Schiffrin EJ, Carter EA, Freiberg E, Walker WA. Prevention of
necrotizing enterocolitis in the rat with prenatal cortisone. Gastroenterol-
0gy. 1990,99(5):1333-8.

Israel EJ, Schiffrin EJ, Carter EA, Frieberg E, Walker WA. Cortisone strength-
ens the intestinal mucosal barrier in a rodent necrotizing enterocolitis
model. Adv Exp Med Biol. 1991;310:375-80.

Precioso AR, Proenca RS. Necrotizing enterocolitis, pathogenesis and the
protector effect of prenatal corticosteroids. Rev Hosp Clin Fac Med Sao
Paulo. 2002;57(5):243-8.

National Institute for Health and Care Excellence. Preterm labour and
birth [NICE Guideline NG 25] 2015 [updated 2019. Available from: https://
www.nice.org.uk/guidance/ng25/chapter/recommendations.
Committee Opinion No. 713: antenatal corticosteroid therapy for fetal
maturation. Obstet Gynecol. 2017;130(2):e102-9.

Reddy UM, Deshmukh U, Dude A, Harper L, Osmundson SS. Society for
maternal-fetal medicine consult series #58: use of antenatal corticoster-
oids for individuals at risk for late preterm delivery: replaces SMFM state-
ment #4, implementation of the use of antenatal corticosteroids in the
late preterm birth period in women at risk for preterm delivery, August
2016. Am J Obstet Gynecol. 2021;225(5):B36-b42.

Scott SM, Rose SR. Use of glucocorticoids for the fetus and preterm
infant. Clin Perinatol. 2018;45(1):93-102.

Skoll A, Boutin A, Bujold E, Burrows J, Crane J, Geary M, et al. No. 364-ante-
natal corticosteroid therapy for improving neonatal outcomes. J Obstet
Gynaecol Can. 2018;40(9):1219-39.

Sweet DG, CarnielliV, Greisen G, Hallman M, Ozek E, Te Pas A, et al. Euro-
pean consensus guidelines on the management of respiratory distress
syndrome—2019 update. Neonatology. 2019;115(4):432-50.

Blanford AT, Murphy BE. In vitro metabolism of prednisolone, dexametha-
sone, betamethasone, and cortisol by the human placenta. Am J Obstet
Gynecol. 1977;127(3):264-7.

Kemp MW, Newnham JP, Challis JG, Jobe AH, Stock SJ. The clinical use of
corticosteroids in pregnancy. Hum Reprod Update. 2016;22(2):240-59.
Blanford AT, Murphy BE. In vitro metabolism of prednisolone, dexametha-
sone, betamethasone, and cortisol by the human placenta. Dexametha-
sone versus betamethasone as an antenatal corticosteroid (ACS). Am J
Obstet Gynecol. 1977;127(3):264-7.

World Health Organization (WHO). Model list of essential medicines—
22nd list. Geneva: World Health Organization; 2021.

Banks BA, Cnaan A, Morgan MA, Parer JT, Merrill JD, Ballard PL, et al.
Multiple courses of antenatal corticosteroids and outcome of premature
neonates. Am J Obstet Gynecol. 1999;181(3):709-17.

Braun T, Husar A, Challis JR, Dudenhausen JW, Henrich W, Plagemann A,
et al. Growth restricting effects of a single course of antenatal betametha-
sone treatment and the role of human placental lactogen. Placenta.
2013;34(5):407-15.

Davis EP, Waffarn F, Uy C, Hobel CJ, Glynn LM, Sandman CA. Effect of
prenatal glucocorticoid treatment on size at birth among infants born at
term gestation. J Perinatol. 2009;29(11):731-7.

Moisiadis VG, Matthews SG. Glucocorticoids and fetal programming part
1: outcomes. Nat Rev Endocrinol. 2014;10(7):391-402.

Berger R, Kyvernitakis I, Maul H. Administration of antenatal corti-
costeroids: current state of knowledge. Geburtshilfe Frauenheilkd.
2022;82(3):287-96.

French NP, Hagan R, Evans SF, Godfrey M, Newnham JP. Repeated ante-
natal corticosteroids: size at birth and subsequent development. Am J
Obstet Gynecol. 1999;180(1 Pt 1):114-21.

French NP, Hagan R, Evans SF, Mullan A, Newnham JP. Repeated antenatal
corticosteroids: effects on cerebral palsy and childhood behavior. Am J
Obstet Gynecol. 2004;190(3):588-95.

Uno H, Lohmiller L, Thieme C, Kemnitz JW, Engle MJ, Roecker EB,

et al. Brain damage induced by prenatal exposure to dexamethasone

in fetal rhesus macaques. |. Hippocampus. Brain Res Dev Brain Res.
1990;53(2):157-67.

Page 11 of 11

59. lkegami M, Polk DH, Jobe AH, Newnham J, Sly P, Kohan R, et al. Effect of
interval from fetal corticosteriod treatment to delivery on postnatal lung
function of preterm lambs. J Appl Physiol. 1996,80(2):591-7.

60. lkegami M, Jobe AH, Newnham J, Polk DH, Willet KE, Sly P. Repetitive
prenatal glucocorticoids improve lung function and decrease growth in
preterm lambs. Am J Respir Crit Care Med. 1997;156(1):178-84.

61. Jobe AH,Wada N, Berry LM, lkegami M, Ervin MG. Single and repetitive
maternal glucocorticoid exposures reduce fetal growth in sheep. Am J
Obstet Gynecol. 1998;178(5):880-5.

62. Skinner AM, Battin M, Solimano A, Daaboul J, Kitson HF. Growth and
growth factors in premature infants receiving dexamethasone for bron-
chopulmonary dysplasia. Am J Perinatol. 1997;14(9):539-46.

63. Ninan K, Liyanage SK, Murphy KE, Asztalos EV, McDonald SD. Evaluation
of long-term outcomes associated with preterm exposure to antenatal
corticosteroids: a systematic review and meta-analysis. JAMA Pediatr.
2022;176(6):2220483.

64. Asztalos EV, Murphy KE, Matthews SG. A growing dilemma: ante-
natal corticosteroids and long-term consequences. Am J Perinatol.
2022;39(6):592-600.

65. Murphy KE, Hannah ME, Willan AR, Hewson SA, Ohlsson A, Kelly EN, et al.
Multiple courses of antenatal corticosteroids for preterm birth (MACS): a
randomised controlled trial. Lancet. 2008;372(9656):2143-51.

66. Crowther CA, Doyle LW, Haslam RR, Hiller JE, Harding JE, Robinson JS.
Outcomes at 2 years of age after repeat doses of antenatal corticoster-
oids. N Engl J Med. 2007;357(12):1179-89.

67. Wapner RJ, Sorokin Y, Mele L, Johnson F, Dudley DJ, Spong CY, et al. Long-
term outcomes after repeat doses of antenatal corticosteroids. N Engl J
Med. 2007;357(12):1190-8.

68. Bruschettini M, van den Hove DL, Gazzolo D, Bruschettini P, Blanco CE,
Steinbusch HW. A single course of antenatal betamethasone reduces
neurotrophic factor ST00B concentration in the hippocampus and serum
in the neonatal rat. Brain Res Dev Brain Res. 2005;159(2):113-8.

69. Dalziel SR, Walker NK, Parag V, Mantell C, Rea HH, Rodgers A, et al.
Cardiovascular risk factors after antenatal exposure to betametha-
sone: 30-year follow-up of a randomised controlled trial. Lancet.
2005;365(9474):1856-62.

70. Chawanpaiboon S, Chukaew R, Pooliam J. A comparison of 2 doses
of antenatal dexamethasone for the prevention of respiratory distress
syndrome: an open-label, noninferiority, pragmatic randomized trial. Am
J Obstet Gynecol. 2024;230(2):260.e1-e19.

71. Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of
subependymal and intraventricular hemorrhage: a study of infants with
birth weights less than 1,500 gm. J Pediatr. 1978;92(4):529-34.

72. Bell MJ, Ternberg JL, Feigin RD, Keating JP, Marshall R, Barton L, et al. Neo-
natal necrotizing enterocolitis. Therapeutic decisions based upon clinical
staging. Ann Surg. 1978;187(1):1-7.

73. Walsh MC, Kliegman RM. Necrotizing enterocolitis: treatment based on
staging criteria. Pediatr Clin North Am. 1986,33(1):179-201.

74. Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert TV,
et al. Bronchopulmonary dysplasia: executive summary of a workshop. J
Pediatr. 2018;197:300-8.

75. Krishnan U, Feinstein JA, Adatia I, Austin ED, Mullen MP, Hopper RK, et al.
Evaluation and management of pulmonary hypertension in children with
bronchopulmonary dysplasia. J Pediatr. 2017;188:24-34.e1.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.nice.org.uk/guidance/ng25/chapter/recommendations
https://www.nice.org.uk/guidance/ng25/chapter/recommendations

	Double-blind, non-inferiority, randomized controlled trial of dexamethasone 4, 5 and 6 mg for preventing adverse neonatal and maternal outcomes in very preterm to late preterm pregnancies between 29 0 and 36 6 weeks of gestation: study protocol
	Abstract 
	Background 
	Methods 
	Results 
	Discussion 

	Background
	The importance of antenatal corticosteroids
	The impact of preterm birth on health and quality of life
	Benefits of corticosteroids in preventing preterm complications
	Use of dexamethasone and betamethasone to prevent neonatal RDS and other adverse outcomes
	Short- and long-term effects of antenatal corticosteroid exposure
	Study objectives

	Methods and study design
	Objectives
	Primary objective
	Secondary objectives

	Definitions
	Sample-size calculation
	Inclusion criteria
	Exclusion criteria
	Withdrawal or termination criteria

	Study design and participant allocation
	Blind allocation and stratified randomization
	Participant recruitment
	Randomization and group assignment
	Gestational age distribution (stratified randomization)
	Dexamethasone administration
	Re-admission and rescue versus repeat courses
	Data recording post-delivery
	Neonatal follow-up
	Long-term follow-up
	Safety monitoring
	Data monitoring and analysis
	Initial data review

	Statistical methods for data analysis
	General patient data analysis
	Comparative analysis between groups
	Analysis population
	Interim analyses
	Final analyses
	Primary outcome analysis
	Secondary clinical outcome analyses

	Discussion
	Conclusions
	Acknowledgements
	References


