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Prematurity and neonatal mortality

Lawn JE, et al. Lancet 2023
Ancel PY et al., JAMA Ped 2015
Trinh NTH et al., Lancet Reg Health Eur 2022

0,6 
million
babies

<28 weeks

1,4 million babies
28 - <32 weeks

11,4 million babies
32 - <37 weeks

122 
million term babies

0.9 Million
neonatal
deaths

180-200 Million
DALYs

Japan 2003-2005
Sweden 2004-2007
USA 2013-2015
Australia 2010-2011
UK 2006
Switzerland 2009-2012
France 2011

Gestational age at birth (weeks)

Su
rv

iv
al

 ra
te

 (%
)



Patel et al., NEJM 2015
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Prematurity and neonatal mortality: main causes



ANTENATAL STEROIDS



Braun et al.  Endoc. Rev 2013

Glucocorticosteroids: a major role in late pregnancy



Carlson, Human Embryology and Developmental Biology (Fifth Edition), 2014
Liggins, J Endocr, 1969

Improvment in lung volume after prenatal exposure
to corticosteroids

Glucocorticosteroids: from parturition to lung
maturation

https://www.sciencedirect.com/science/book/9781455727940
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Revised guidelines
Dosage matter

Antenatal steroids: a long story of evidence-based
medicine



Hallman, NEJM 2004
Olmeda et al., Annals of Anatomy 2017

Antenatal steroids and lung maturation



30 essais cliniques (7774 mères et 8158 enfants)

§ RDS: 
RR 0.66, 95% CI 0.56 to 0.77
participants = 7764; 28 trials ; I² = 48%

§ RDS sévère: 
RR 0.59, 95% CI 0.38 to 0.91 
participants = 1686; 6 trials ; I² = 52%

§ Décès néonatal: 
RR 0.69, 95% CI 0.59 to 0.81 
participants = 7188 ; 22 trials

Antenatal steroids and lung maturation



Roberts et al., Cochrane Database Syst Rev. 2017

Antenatal steroids and neonatal outcomes
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Roberts et al., Cochrane Database Syst Rev. 2017

No difference on:
§ Growth
§ Lung function
§ Blood pressure

Antenatal steroids and long-term outcomes (3-12y)
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Johnsson et al., Pediatr Res, 2001

Ctl BTM

§ Significant reduction in hyaluronic acid 
content after an antenatal dose of BTM

§ Maturation-dependent effect
§ No impairment of lung weight

§ Endotoxin-like effect of antenatal BTM on 
lung architecture

§ 30% reduction in the total number of 
alveoli

§ Significant thinning of alveolar septa.

Antenatal steroids: potential adverse effects on lungs in animals

Willet et al., Pediatr Res 2000



Schwab et al, J Physiol, 2001

¯ MAP1 in striatum
¯ MAP2 in striatum and cortex
No detectable histological lesion
Correlation between MAP and cerebral blood flow
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Antenatal steroids: potential adverse effects on brain, in animals



Liggins & Howie, Pediatrics 1972
Crowley et al., AJOG, 1995
Jordan et al., J Perinat 2018

Antenatal steroids: repeated courses, why?



Crowther et al., Cochrane Database Syst Rev. 2015

10 RCTs (4733 mothers, 5700 infants)

Benefits:
§ -17% RDS
§ -16% complications (composite score) within the first week of life

Risks:
§ Reduced birthweight and head circumference
§ Conflicting risks for the mothers

Antenatal steroids: repeated courses, effect?



§ In Baboons
§ Reduced brain growth
§ Glial activation
§ Delayed myelination

§ In Humans
§ Reduced birthweight and HC
§ Abnomal behavioral outcomes

Shields et al.  Pediatr Res, 2012
Thorp et al., AJOG, 2004
French et al., AJOG, 1999 & 2004
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Antenatal steroids: repeated courses, side effects?



Jobe & Soll, AJOG, 2004
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NNT/NNH
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To be considered according to risk of RDS only Jain et al., AJP 2007
Gyamfi-Bannerman et al., NEJM, 2016

Antenatal steroids: what about after 34 weeks?



Ehert et al., JAMA Network Open  2018

Cohort from Vermont Oxford Network
(n=29 932)

Improved survival without major handicaps
both at 22 and 23 weeks

Antenatal steroids: what about before 24 weeks?



Dose de corticoïdes anténatals
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Trials comparing the commonly used corticosteroids are most urgently needed, as 
are trials of dosages and other variations in treatment regimens

Antenatal steroids: does dosage matter?



BETADOSE trial: rationale

• The current dose derives from sheep experiments in the late 60’s and has
been unchallenged since 1972

• The minimum effective dose to induce fetal lung maturation is unknown

• Trials comparing dosages are most urgently needed

• Half dose as effective as full dose to induce fetal lung maturation in sheep

Loehle M, et al. Am J Obstet Gynecol 2010
Schmidt AF, et al. Am J Obstet Gynecol 2018



BETADOSE trial: aims

• Primary aim: to determine whether half dose regimen given to women at risk of
very preterm delivery is not inferior to full antenatal betamethasone dose
regimen to prevent severe RDS

• Secondary aims:
• to compare other short-term neonatal complications between half and full

antenatal betamethasone dose regimens

• to compare health outcome at discharge between half and full antenatal
betamethasone dose regimens in infants born very preterm



BETADOSE trial: eligibility

q Inclusion criteria
• Age ≥ 18 years
• Singleton pregnancy
• First intramuscular betamethasone injection already performed
• Gestational age < 32 weeks at first betamethasone injection

q Exclusion criteria
• Already received a full course of betamethasone
• First injection given by the intravascular route
• In case of preterm labor:

• Cervical dilatation ≥ 4 cm
• Ultrasonographic cervical length ≥ 20 mm

• Chromosomal aberrations and/or major fetal malformations



BETADOSE trial: study design
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BETADOSE trial: main outcome

Half antenatal betamethasone dose was not found to be noninferior to full antenatal 
betamethasone dose regimen to prevent severe RDS requiring intra-tracheal surfactant 
before 48h of life

Schhmitz T, et al. Lancet 2022



BETADOSE trial: secondary outcomes
Survival w/o severe morbidities at discharge (<32 weeks)

Baud et al. AJOG 2024

Neonatal survival without:

- Severe brain lesions, severe NEC, severe ROP, and moderate-to-severe BPD 
Criteria A (EPIPAGE 2, Ancel et al. JAMA Ped 2015) 

- Severe brain lesions, severe NEC, severe ROP, moderate-to-severe BPD, and proven sepsis 
Criteria B (TIPP trial, Schmidt et al. NEJM 2001; Bassler et al. Pediatrics 2009) 

- Severe brain lesions, postnatal steroids, and surgery
Criteria C (Victorian Collaborative Network, Doyle et al. Pediatrics 2001)



BETADOSE trial: conclusions

• Half dose did not show non-inferiority to full antenatal betamethasone dose
regimen to prevent severe RDS, but:

• Survival w/o severe morbidities at discharge was not modified by a 50%
betamethasone dose reduction

• Distribution of severe morbidities was similar between the two regimens

• Results of the 5-year follow-up (ongoing BETANINO study) are needed before
deciding whether reducing antenatal steroids dose is possible





POSTNATAL STEROIDS



BPD in ELGA infants: still a public health issue? 
(EPIPAGE 2 cohort)

GA
High grade 

IVH
cPVL BPD 36w ROP ≥ 3 NEC

% % % % %

<27 weeks 14 2 22 6 5

27-31 weeks 4 2 4 0.3 3

32-34 weeks 0.6 0.8 0.2 0.0 0.9

Ancel et al., JAMA Ped 2015



Speer, 2006; Kinsella, 2006; Jobe, 2001; Collins 2017

Immature lung

Genetic susceptibility

BPD

inflammation therapeutic 
targets

Reduced angiogenesis
/ alveolisation



Majnemer et al., DMCN, 2000
Eber & Zach, Thorax, 2001
Schmidt et al., JAMA 2003
Doyle, Sem Fetal Neonat Med, 2009
Mazloum et al., Neonatology 2014
Twilhaar et al., JAMA 2018

q Prolonged hospitalization
q Neurological outcomes:

q low average IQ (65% of the variance due to BPD and 1% increase associated
with 0.15 IQ pt decrease), 

q academic difficulties, 
q delayed speech and language development, 
q visual–motor integration impairments
q behaviour problems, 
q learning deficits,
q executive dysfunction

q Pulmonary hypertension
q Chronic pulmonary disease in adults
q Abnormal lung function
q Reduced respiratory reserve
q Cost

Why BPD should be prevented?

BPD, Brain lesions, ROP



n SpO2 targets
n Cafein citrate
n Late Onset Sepsis prevention
n PDA management 
n Gentle ventilation
n Prevention of chronic lung inflammation
n Azythromycin
n Nutrition
n Family-centered care

How could BPD be prevented in the NICU?



Cochrane 2021 (Doyle):

Early DXM (< 7d):
Reduction of the combined outcome of mortality or BPD at 36 weeks' PMA 
(RR 0.88, 95% CI 0.81 to 0.95; 17 studies, 2791 infants; high-certainty evidence) 
Increase of gastrointestinal perforation 
(RR 1.73, 95% CI 1.20 to 2.51; 9 studies, 1936 infants; high-certainty evidence) 
Increase of cerebral palsy
(RR 1.77, 95% CI 1.21 to 2.58; 7 studies, 921 infants; high-certainty evidence)

Late DXM (≥ 7d):
Reduction of the combined outcome of mortality or BPD at 36 weeks' PMA 
(RR 0.75, 95% CI 0.67 to 0.84; 12 studies, 553 infants; moderate-certainty evidence)
No effect on the combined outcome of mortality or cerebral palsy 
(RR 0.90, 95% CI 0.76 to 1.06; 17 studies, 1290 infants; high-certainty evidence)

Effect of DXM treatment in very preterm infants

Cochrane Database Syst Rev 2021 Nov 11;11(11):CD001145. 
Cochrane Database Syst Rev 2021 Oct 21;10(10):CD001146.



Barrington BMC Pediatrics 2001
Doyle et al., JamaPed 2024
Hay et al., Cochrane CD013730 2023 



Relative adrenal insufficiency:

-Sickest neonates with high IL8 concentration
-Haemodynamic failure
-PDA
-Infants with subsequent BPD at 36 weeks 

Watterberg et al., Pediatrics 2000

Perinatal inflammation                             low Cortisol                                       BPD



Trials using prophylactic hydrocortisone to prevent
death or BPD before 2008

Favours
control

Favours
hydrocortisone Watterberg et al., Pediatrics 1999

Watterberg et al., Pediatrics 2004
Peltoniemi et al., J Pediatr 2005
Bonsante et al., Neonatology 2007

Early closure of the trials !



PREMILOC study: study design & treatment

0.5 mg/kg/12h during 7 days IV
0.5 mg/kg/24h during 3 days IV
Initiated <24h after birth

Birth   h24 d7 d10 36 weeks

Primary outcome

q Inborn with GA between 24+0 and 27+6 weeks without severe IUGR
q A new study design for optimal safety:

o Lowest hydrocortisone dose,
o Risk factors of SAE avoided (IUGR/ NSAIs excluded)
o Interim analyses (triangular design) for better monitoring

Cumulative dose: 8.5 mg/kg



PREMILOC study: survival without BPD in 
ELGA infants

Outcomes Hydrocortisone
N=255

Placebo
N=266

OR or SubHR 
[95% CI]

P value

Primary outcome assessed at 36 weeks PMA–
no (%)

Survival without BPD 153 (60·0) 136 (51·1) 1·48 [1·02 ; 2·16] 0·04
Components of primary outcome failure – no 
(%)

Death 47 (18·4) 60 (22·6) 0·83 [0·57; 1·21] 0·33

BPD 55 (21·6) 70 (26·3) 0·82 [0·58 ; 1·16] 0·25

Subgroup analysis of the primary outcome –
no/total no. (%)

Births at 24-25 weeks of gestation 28/83 (33·7) 21/90 (23·3) 1·67 [0·86 ; 3·26] 0·13

Births at 26-27 weeks of gestation 125/172 (72·7) 115/176 (65·3) 1·41 [0·89 ; 2·23] 0·14

Baud et al., Lancet 2016
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After adjusting for the patient's probability of 
BPD-free survival using baseline predictors alone, 
the HC treatment exhibited a highly significant 
effect (OR=2.053 [95% CI: 1.602 to 2.501], 
p=0.002, with a number needed to treat 
NNT=5.81 [4.08 to 23]). 

Baud & Lehert, Pediatr Res 2023

Effect of early HC adjusted on baseline
characteristics and subpopulations



Odds Ratio (95%CI) p-value

Gestational age:HC 1.0600 (0.6588 - 1.7057) 0.810

Birthweight:HC 0.9977 (0.9977 - 1.0009) 0.154

Sex:HC 2.4550 (1.0439 - 5.7734) 0.040

RSB:HC 1.2136 (0.6249 - 2.3569) 0.568

Multiple gestation:HC 0.6714 (0.2755 - 1.6357) 0.381

Potential interactions

Consistent direction of the treatment effect observed across various 
baseline conditions, supporting the robustness of the HC treatment in 
ELGANs

Baud & Lehert, Pediatr Res 2023



• 4 RCT (Bonsante, Peltoniemi, Watterberg (Prophet), Baud)
• 982 patients included
• 978 data available
• Adjustment for gestational age, sex and antenatal steroids

• Results comparable with and without adjustment and with further 
adjustments 

Schaeffer et al. J of Pediatr 2019
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Schaeffer et al. J of Pediatr 2019



• No NSAI (and acetaminophen?) during the first postnatal 24h

• Careful/optimal enteral nutrition, especially in IUGR infants

• High baseline cortisol levels (>900 nmol/L) associated with a greater risk of severe IVH and spontaneous
intestinal perforation, only in HC-treated infant

Renolleau et al. J of Pediatr 2019
Peltoniemi et al., J of Pediatr 2005



Variable Hydrocortisone
(N=194)

Placebo
(N=185)

Global neurological assessment – n/N (%)
No NDI
Mild NDI*
Moderate-to-severe NDI**

141 (73%)
39 (20%)
14 (7%)

130 (70%)
34 (18%)
21 (11%)

Global DQ score – n/N (%)
>85
70 – 85
<70

121/158 (77%)
30/158 (19%)
7/158 (4%)

110/146 (75%)
25/146 (17%)
11/146 (8%)

*: mild NDI = mild impairment in standardized neurological assessment or global DQ between 70 and 85
**: moderate-to-severe NDI = moderate-to-severe in standardized neurological assessment or global DQ <70

% assessed among surviving patients = 93%

Baud et al., JAMA 2017



Variable Hydrocortisone
(N=194)

Placebo
(N=185)

Global Developmental Quotient – median (Q1-Q3) 92 (86-100) 93 (85-100)

BLR sub-scores – median (Q1 ; Q3)

Gross motor function

Visuo-spatial coordination

Langage

Sociability

102 (92-110)

91 (80-101)

86 (76-95)

98 (86-111)

103 (91-112)

92 (81-100)

85 (75-96)

95 (84-111)

% assessed among surviving patients = 93%

Baud et al., JAMA 2017



Variable Hydrocortisone
(N=194)

Placebo
(N=185)

Cerebral Palsy – n (%) 12 (6%) 10 (5%)

Hemiplegia – n (%) 1 (<1%) 1 (<1%)

Dyskinesia – n (%) 0 1

Seizures – n (%) 2 (1%) 2 (1%)

Ventricular derivation – n (%) 2 (1%) 2 (1%)

Visual impairment – n (%) 26 (14%) 27 (15%)

Baud et al., JAMA 2017



Variable Hydrocortisone
(N=47)

Placebo
(N=49)

BLR scales

Global DQ score – median [Q1 ; Q3] 92 [87-100] 90 [82-99]

BLR sub-scores – median [Q1 ; Q3]

Gross motor function

Visuo-spatial coordination

Langage

Sociability

102 [95-125]

93 [81-103]

85 [71-93]

98 [88-110]

104 [78-114]

87 [77-99]

84 [67-94]

92 [79-110]

% assessed among surviving patients = 98%

Baud et al. ADC 2018



% assessed among surviving patients = 76%

Trousson et al. DMCN 2022



Multivariate model to predict WPSSI 
total IQ ≥ 90 
(n=56) 

Trousson et al. DMCN 2022

Treatment group
HC
Placebo

Sex
Male
Female

Chorioamnionitis
Yes
No

BPD @36 weeks
Yes
No

Sepsis
Yes
No

Surgery for PDA         
Yes
No

Kidokoro score >6
Yes 
No



n Prophylactic hydrocortisone in ELGANs is beneficial on:
¨ Neonatal mortality, BPD at 36 wks PMA, and PDA closure
¨ The beneficial effect of prophylactic HC was found to be greater when adjusted to baseline

risks of BPD or death
¨ Lack of heterogeneity in the treatment effect in specific subpopulations despite some weak

interaction with sex



n Prophylactic hydrocortisone in ELGANs is beneficial on:
¨ Neonatal mortality, BPD at 36 wks PMA, and PDA closure
¨ The beneficial effect of prophylactic HC was found to be greater when adjusted to baseline

risks of BPD or death
¨ Lack of heterogeneity in the treatment effect in specific subpopulations despite some weak

interaction with sex

n 2 side effects, with limited impact:
¨ GI perforation (only seen associated with early Indometacin)
¨ Secondary sepsis in the most immature infants but without any impact on mortality, BPD, CP,

NDI (all reduced by the treatment)

n No deleterious effect on neurodevelopment at 2 and 5 years (perhaps some
long-term benefits)



Questions? 


