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Abstract
The administration of dexamethasone has been associated with suboptimal neurodevelopment. We aimed to compare the 
development of extremely premature infants treated or not with alternatives to dexamethasone: betamethasone, hydrocor-
tisone hemisuccinate. This retrospective cohort study included infants born before 29 weeks of gestational age, treated or 
not with late (day ≥ 7) postnatal steroids (betamethasone, hydrocortisone hemisuccinate). The neurodevelopment outcome 
was evaluated at 24 months corrected age, after adjustment on comorbidities of extreme prematurity. In order to analyse 
their overall development, data about growth and respiratory outcomes were collected. Among the 192 infants included, 59 
(30.7%) received postnatal steroids. Suboptimal neurodevelopment concerned 37/59 (62.7%) postnatal steroid-treated and 
43/133 (38.1%; p = 0.002) untreated infants. However, in multivariable analysis, only severe neonatal morbidity (p = 0.007) 
and male gender (p = 0.027) were associated with suboptimal neurodevelopment outcome at 24 months.

Conclusions: Betamethasone or hydrocortisone hemisuccinate treatment was not an independent risk for suboptimal neu-
rological development, growth and respiratory outcomes assessed at 24 months corrected age in extremely premature infants.
Registration number: The study was registered on the ClinicalTrials.gov register: NCT05055193.

What is Known:
• Late postnatal steroids are used to treat bronchopulmonary dysplasia
• Meta-analyses warned against the neurological risk of dexamethasone use during neonatal period. Early or late hydrocortisone hemisuc-

cinate has been evaluated in multiple studies, none of which have reported an adverse effect on neurodevelopment at least to 2 years. Data 
about the use of betamethasone are scarce.

What is New:
• The risk of suboptimal neurodevelopment was higher among extremely premature infants who received postnatal steroids when compared to 

those who did not.
• Betamethasone and hydrocortisone hemisuccinate treatment was not an independent risk factor for suboptimal neurodevelopment at 

24 months corrected age.
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HFO  High frequency oscillation
IQR  Interquartile range
IUGR   Intrauterine growth restriction
OR  Odds ratio
PNS  Postnatal steroids
ROP  Retinopathy of prematurity
SD  Standard deviation
VIF  Variance inflation factors

Introduction

Postnatal steroids (PNS) are administered to a mean 13% 
(range: 3.1% to 49.4%) of European infants born before 
30 weeks of gestational age (GA) for bronchopulmonary 
dysplasia (BPD) [1]. There are nonetheless huge regional 
variations in the proportion of these infants who are 
treated as well as in the PNS used [1]. The efficacy and 
tolerance data of PNS almost exclusively relate to dexa-
methasone (DXM) [1, 2]. Suboptimal neurodevelopment 
has been associated with its use at low or high doses, and 
in early (less than 7 days of life) or late (more than 7 days) 
postnatal periods [3, 4]. Subsequently, hydrocortisone 
hemisuccinate (HCHS) and betamethasone (BTM) have 
been more widely used [1, 5]. While no neurodevelopmen-
tal risk related to HCHS at 2 years of age has been seen in 
multiple studies, evidence of neurodevelopmental effects 
at school age remain insufficient [6], and there is little  
published data available regarding BTM [3, 7]. Further-
more, glucocorticoids induce impaired alveolar develop-
ment and postnatal growth [8, 9]. As a consequence, use 
of PNS is recommended only to help with extubation after 
the first 3 weeks of life for very premature infants depend-
ent on assisted ventilation, and the recommended products 
in France are HCHS and BTM [5, 10]. However, the post-
discharge consequences of these practices in extremely 
preterm infants (EPIs) are not well known.

We aimed to assess the impact of alternatives to post-
natal DXM on neurodevelopment outcomes at 24 months 
corrected age (CA) in EPIs.

Material and methods

Study design

Retrospective and single-centre cohort study.

Population

From 01/01/2013 to 31/12/2016, all EPIs born before 
29 weeks GA, admitted to the neonatal intensive care unit 

of the Hôpital de la Croix-Rousse (Lyon, France), during at 
least the first 30 days of life, and alive at 24 months CA were 
eligible for inclusion; infants with congenital heart, lung, 
or brain malformation, neuromuscular disease, or genetic 
disorder were excluded.

Postnatal steroid regimen

In our unit, conventional mechanical ventilation is the first-
line method for invasive ventilation. When lung recruitment 
is needed (FiO2 > 60% and/or pCO2 > 8.5 kPa, despite ven- 
tilation with a maximum inspiratory pressure at 18 cmH2O  
and a maximum frequency at 50/min in EPIs), high frequency 
oscillation (HFO) ventilation is used. The transition to conventional  
mechanical ventilation is done as soon as possible. Postnatal 
steroid treatment was initiated in the event of failure to wean off 
assisted ventilation during the late postnatal period (≥ 7 days) 
[5]. DXM is no longer used in our unit due to the associated 
neurological risks. BTM (betamethasone 0.05%, oral solu-
tion in drops, Laboratoire Arrow Génériques, Lyon, France) 
or HCHS (hydrocortisone 100 mg, Serb Laboratories, Paris, 
France) were used according to the severity of the respiratory 
condition [11] (Fig. 1). Duration of high frequency oscillation  
was chosen as parameter reflecting respiratory severity, after a 
study carried out in the department [11].

Collected parameters

The variations in weight, crown-heel length, and head cir-
cumference (HC) were collected, and Z-scores were calcu-
lated [12]. Severe and moderate intrauterine growth restric-
tion (IUGR) were defined by a birth weight Z-score < -2 
standard deviations (SD; severe IUGR) and < -1 SD (mod-
erate IUGR) [12]. Extra-uterine growth restriction (EUGR) 
was considered present when body weight was below the 
 10th percentile (i.e. Z-score < -1.28 SD) at 36 weeks GA 
[13]. We recorded the duration of invasive and non-invasive 
ventilation, as well as other neonatal complications: necro-
tising enterocolitis grade ≥ 2, intraventricular haemorrhage 
grade ≥ 3, periventricular leukomalacia, and severe retinopa-
thy of prematurity (ROP; stage 2 plus, stage 3, or treatment 
with laser or anti-VEGF). Severe neonatal morbidity was 
considered present when at least one of these morbidities 
was present. We collected the duration of antibiotic therapy. 
Two days after the beginning of antibiotic therapy for sus-
pected infection, the diagnosis of infection was confirmed 
collectively, according to clinical course and laboratory 
results, to decide prolonged antibiotic therapy. At 36 weeks 
GA, we classified BPD as mild, moderate, or severe [14].

In order to perform a neurodevelopment assessment, we 
considered the data collected during the systematic follow-
up of preterm infants at 24 months CA. The neurodevelop-
ment evaluation was based on the Amiel-Tison neurological 



679European Journal of Pediatrics (2024) 183:677–687 

1 3

Fig. 1  Postnatal steroid treatment protocol
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examination, revised Brunet-Lézine test, as well as hearing 
and vision tests [15, 16]. The neurological examination was 
performed by a paediatrician dedicated to follow-up who had 
access to the patient’s file and therefore was not masked to 
administration of steroids. The revised Brunet-Lézine test 
was used as it is adapted to the early assessment of psycho-
motor development. It yields a global developmental quo-
tient (DQ) with a mean of 100 and a standard deviation (SD) 
of 15. DQ is calculated from evaluation of 4 main domains: 
posture, language, sociability, and coordination. The test 
was dispensed by a psychologist blinded to the receipt of 
steroids and cognitive deficit was classified as severe for a 
DQ ≤ 70, moderate for a DQ > 70 and < 85, and absent for a 
DQ ≥ 85 [16]. Vision and hearing exams were performed by 
a specialist blinded to the administration of steroids. Hearing 
loss was considered as mild or moderate when it was ≥ 20 
and ≤ 70 dB, and severe when it was ≥ 71 db.

We also calculated the weight, length, and HC Z-scores-
for-age (WHO Anthro software, version 3.2.2) [17]. We 
collected the presence or absence of hospital admission 
for wheezing, bronchiolitis, or pneumopathy within the 
12 months preceding 24 months CA.

Main outcome criteria

We considered that neurodevelopment outcome at 24 months 
CA was suboptimal when there was at least one of the fol-
lowing: abnormal neurological examination, DQ < 85, cer-
ebral palsy, severe hearing loss, unilateral or bilateral blind-
ness, or refractive error.

Secondary outcome criteria

In order to perform an overall assessment, we considered 
suboptimal growth when weight, length, or HC Z-scores 
were lower than -2 SD at 24 months CA and suboptimal 
respiratory outcome when there was hospital admission 
for wheezing, bronchiolitis, or pneumopathy within the 
12 months preceding 24 months CA. Suboptimal overall 
development at 24 months CA was defined as the presence 
of suboptimal neurodevelopment, or suboptimal growth, or 
suboptimal respiratory outcomes.

Statistical analyses

We analysed the outcome at 24 months CA of EPIs who 
received PNS compared to those who did not. Categorical 
variables were expressed as count (percentage) and continu-
ous variables as median [interquartile range, IQR]. For cat-
egorical variables, comparisons between groups were per-
formed using a Chi-squared test or the Fisher exact test, as 
appropriate. For continuous variables, comparisons between 
groups were performed using the t-test in case of normal 

distribution and sample size > 30 in each group, or using 
the non-parametric Mann–Whitney U test otherwise. For 
each continuous variable, normality was tested using the 
Shapiro–Wilk test. A uni- and then multivariable logistic 
regression analysis was carried out in order to identify fac-
tors potentially associated with suboptimal height-weight, 
neurosensory, or respiratory development at 24 months CA. 
Due to the limited number of infants with suboptimal devel-
opment, only variables for which the p-value was < 0.05 in 
univariable analysis or known or suspected of being associ-
ated with the endpoint were included in the multivariable 
analysis. Variables included in the multivariable analysis on 
impaired neurodevelopment at 24 months CA were: adminis-
tration of PNS, sex, duration of assisted ventilation, duration 
of antibiotic therapy, and severe neonatal morbidity. The 
results of this analysis were expressed as odds ratios (OR) 
and 95% confidence interval [95% CI]. Variance inflation 
factors (VIF) were calculated to test multicollinearity among 
the independent variables in the multivariable model. The 
VIF estimates how much the variance of a regression coef-
ficient is inflated due to multicollinearity in the model. VIF 
starts at 1 and has no upper limit. VIF values exceeding 5 or 
10 indicate high multicollinearity between a specific inde-
pendent variable and the others. All tests were two-sided, a 
p-value < 0.05 was considered as statistically significant. All 
analyses were performed using the R software (R Founda-
tion for Statistical Computing, Vienna, Austria).

Ethics

According to French regulations regarding clinical research, 
the study was approved by the institutional ethics committee 
of the Hospices Civils de Lyon (IRB 00013204). The encryp-
tion and storage of data was registered with the Commission 
nationale de l’informatique et des libertés (CNIL) under the 
number 21_5613.

Results

During the study period, 396 EPIs were born in the 
study centre; among them, 192 were included in the pre-
sent study (Fig. 2), their characteristics are presented in 
Table 1. Characteristics of included and non-included 
patients were not significantly different (data not shown). 
There were 108 infants with severe-to-moderate BPD. 
Most infants had moderate BPD (72/108), and infants with 
severe BPD represented 18.8% (36/192) of the popula-
tion. A total of 59/192 (30.7%) patients received PNS. 
The median cumulative dose was 8.3 mg/kg predniso-
lone equivalent, the maximal dose (63 mg/kg prednisone 
equivalent) was administered to a single patient, and the 
maximal duration was 45 days (one patient).
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The Z-scores for body weight, length and head circumfer-
ence were similar in the two groups at birth, 36 weeks GA 
and at 24 months CA (Fig. 3). At 36 weeks GA, the propor-
tion of infants with EUGR for body weight, length and head 
circumference was significantly higher in the treated group. 
There was a deficit in HC growth in the PNS group between 
birth and 36 weeks GA (delta Z-score: PNS, -0.53 SD; no 
PNS, + 0.23 SD; p = 0.003), without any significant differ-
ence in HC growth between 36 weeks GA and 24 months 
CA (Supplementary Table 1).

The systematic follow-up of preterm infants was per-
formed at the median [IQR] CA of 24.2 [23.8; 24.8] months. 
The proportion of infants for whom the clinical neurological 
examination was abnormal was higher in the PNS group 
(14/55, 25.5% vs. 17/127, 13.4%; p = 0.047). The proportion 

of infants with a DQ < 85 was higher in the PNS group 
(10/46, 21.7% vs. 8/113, 7.1%; p = 0.008; Table 2). Three 
patients had a DQ < 70, all were in the PNS group. There-
fore, suboptimal neurodevelopment was significantly more 
frequent among treated (20/59, 33.9%) than among untreated 
infants (23/133, 17.3%; p = 0.008; Table 2).

In multivariable logistic regression analysis, the use 
of PNS was not independently associated with subopti-
mal neurodevelopment at 24 months CA (OR = 1.04, 95% 
CI [0.37; 2.95]; p = 0.939). Conversely, severe neonatal 
morbidity (OR = 4.21, 95% CI [1.48–12.0]; p = 0.007) 
was an independent predictor of suboptimal neurodevel-
opment. Although the association did not reach statisti-
cal significance, the duration of antibiotic therapy (per 
additional week) was slightly associated with suboptimal 

Fig. 2  Study flow-chart (DOL, days of life)
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neurodevelopment with a 29% increase in risk for each 
additional week of antibiotic therapy (OR = 1.29, 95% CI 
[0.98–1.70]; p = 0.069; Table 3). Female sex (OR = 0.40, 
95% CI [0.18–0.90]; p = 0.027) appeared as a protective 
factor for suboptimal neurodevelopment. VIF scores for 
administration of PNS, sex, assisted ventilation, duration 

of antibiotic therapy, and severe morbidity were 1.7, 1.0, 
1.9, 1.8, and 1.1, respectively.

Growth and respiratory outcomes were secondary out-
comes. The proportion of patients with HC growth deficit 
was higher in the PNS group (9/57, 15.8%) compared to 
the untreated group (8/131, 6.1%; p = 0.033). There was no 

Table 1  Perinatal characteristics 
and neonatal morbidity of the 
192 extremely premature infants 
treated or not with postnatal 
steroids

Data are expressed as count (percentage) or median [interquartile range]
PNS postnatal steroids, SD standard deviation, HFO high frequency oscillation, CPAP continuous positive 
airway pressure, BPD bronchopulmonary dysplasia, IVH intraventricular haemorrhage, PVL periventricular 
leukomalacia, ROP retinopathy of prematurity, PDA patent ductus arteriosus, BTM betamethasone, HCHS 
hydrocortisone hemisuccinate, PE prednisone equivalent
a Typical placental lesion, maternal fever, increased protein C reactive, presence of fetid amniotic fluid
b Severe IVH or PVL or necrotising enterocolitis or ROP

PNS
N = 59

No PNS
N = 133

p

Pregnancy and delivery
    Chorioamnionitisa 5 (8.5) 13 (9.8) 0.776
   Antenatal steroids 56 (94.9) 124 (93.2) 0.758
   Caesarean section 36 (61.0) 99 (74.4) 0.060
   Inborn 53 (89.8) 112 (84.2) 0.301

Birth
   Gestational age (weeks) 26.0 [25.2–27.4] 27.4 [26.4–28.1]  < 0.001
   Male sex 32 (54.2) 65 (48.9) 0.493
   Weight (g) 730 [665–845] 920 [750–1050]  < 0.001
   Weight Z-score < -1 SD 15 (25.4) 23 (17.3) 0.192
   Weight Z-score < -2 SD 2 (3.4) 3 (2.3) 0.644
   Length (cm) 32 [30–34] 35 [33–37]  < 0.001
   Length Z-score < -2 SD 5 (8.5) 4 (3.0) 0.136
   Head circumference (cm) 23 [22–24] 24 [23–25]  < 0.001
   Head circumference Z-score < -2 SD 3 (5.1) 4 (3.0) 0.678

Respiratory morbidities
   Hyaline membrane disease 59 (100.0) 122 (91.7) 0.019
   Assisted ventilation (days) 14.5 [9.3–21.9] 6.0 [1.3–13.7]  < 0.001
   HFO ventilation (days) 18.7 [10.1–25.0] 0.0 [0.0–2.7]  < 0.001
   Nasal CPAP (days) 26.3 [16.6–35.2] 18.4 [10.2–26.7]  < 0.001
   High-flow nasal cannulas (days) 43.6 [30.8–57.9] 32.2 [24.0–41.7]  < 0.001
   Pneumonia 26 (44.1) 16 (12.0)  < 0.001
   Moderate or severe BPD 53 (89.8) 55 (42.0)  < 0.001

Other morbidities
   Necrotizing enterocolitis ≥ grade 2 2 (3.4) 5 (3.8) 1.000
   IVH grade 3/4 or PVL 6 (10.2) 12 (9.1) 0.068
   ROP ≥ grade 2 + or treated 4 (6.8) 3 (2.3) 0.205
   PDA, medically treated 49 (83.1) 70 (52.6)  < 0.001
   Duration of antibiotics (days) 22 [14.0–34.5] 6 [2.0–4.0]  < 0.001
   Severe neonatal morbidity b 12 (20.3) 20 (15.0) 0.403

Postnatal steroids treatment
   BTM 38/59 (64.4)
   HCHS 19/59 (32.2)
   HCHS and BTM 2/59 (3.4)
   Cumulative dose, mg/kg PE 8.3 [7.6–10.0]
   Cumulative duration, days 6.0 [6.0–9.0]
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Fig. 3  Z-score for gestational age for body weight (a), length (b), and 
head circumference (c) at birth, 36 weeks postconceptional age and at 
24 months corrected age in 192 extremely premature infants treated 

or not with postnatal steroids. PNS postnatal steroids, SD standard 
deviation. There was no significant difference between the 2 groups at 
each time and for each measure
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significant difference in the proportion of infants admitted to 
hospital for a respiratory event during the second year of life 
(12/57, 21.1% vs. 20/130, 15.4%; p = 0.724). The suboptimal 
overall development was significantly more frequent among 
treated (39/59, 66.1%) than among untreated infants (62/133, 
46.6%; p = 0.013; Supplementary Table 2).

The use of PNS was not independently associated 
with suboptimal overall development at 24 months CA 
(OR = 0.81, 95% CI [0.31; 2.15]; p = 0.673). Conversely, 
birth weight Z-score < -1 SD (OR = 4.63, 95% CI [1.81; 
11.9]; p = 0.001) was independently associated with 
suboptimal overall development at 24 months CA. The 
delta Z-score for weight between birth and 36 weeks GA 
was a protective factor (OR = 0.48, 95% CI [0.25; 0.92]; 
p = 0.028; Supplementary Table 3).

Discussion

The risk of suboptimal neurodevelopment at 24 months 
CA was higher among EPIs who received alternatives 
to post-natal DXM, which was expected as these infants 
were sicker, but PNS using short treatments of BTM or 
HSHC was not found to be an independent risk factor 
for suboptimal neurodevelopment. Conversely, male sex, 
severe neonatal morbidity and to a lesser extent, duration 
of antibiotic therapy appeared as independent risk factors 
for suboptimal neurodevelopment.

Table 2  Neurodevelopmental outcome at 24  months corrected age 
(primary study endpoint)

Data are expressed as count/total (percentage)
PNS postnatal steroids, DQ developmental quotient

PNS
N = 59

No PNS
N = 133

p

Neurological outcome
   Abnormal neurological clini-

cal examination
14/55 (25.5) 17/127 (13.4) 0.047

   DQ (Brunet-Lézine) < 85 10/46 (21.7) 8/113 (7.1) 0.008
   Cerebral palsy 8/55 (14.5) 12/127 (9.4) 0.313
   Hearing impairment 2/58 (3.4) 1/131 (0.8) 0.223
   Visual impairment 3/52 (15.1) 5/116 (12.5) 0.681

Suboptimal neurodevelopment 20 (33.9) 23 (17.3) 0.008

Table 3  Uni- and multivariable 
analysis on suboptimal 
neurodevelopment at 24 months 
a

OR odds ratio, CI confidence interval, SD standard deviation, BPD bronchopulmonary dysplasia, HC head 
circumference
a at least one of the following: abnormal neurological examination, DQ < 85, cerebral palsy, severe hearing 
loss, unilateral or bilateral blindness, or refractive error
b In prednisone equivalent
c Difference in Z-score between birth and 36 weeks postmenstrual age

Univariable analysis Multivariable analysis

OR [95% CI] p OR [95% CI] p

Postnatal steroids 2.58 [1.26; 5.29] 0.009 1.04 [0.37–2.95] 0.939
Oligoamnios 1.59 [0.51; 4.95] 0.421 - -
Chorioamnionitis 0.63 [0.17; 2.29] 0.480 - -
Antenatal steroids 1.51 [0.31; 7.29] 0.606 - -
Gestational age (per additional week) 0.90 [0.69; 1.19] 0.462 - -
Sex (female versus male) 0.43 [0.21; 0.89] 0.024 0.40 [0.18–0.90] 0.027
Weight Z-score < -1 SD 1.59 [0.68; 3.70] 0.285 - -
Assisted ventilation (per additional week) 1.04 [1.02; 1.06]  < 0.001 1.14 [0.92–1.41] 0.217
Duration of antibiotics (per additional week) 1.06 [1.04; 1.09]  < 0.001 1.29 [0.98; 1.70] 0.069
Pneumonia 2.78 [1.30; 5.98] 0.009 - -
Severe neonatal morbidity 5.27 [2.17; 12.8]  < 0.001 4.21 [1.48–12.0] 0.007
Moderate or severe BPD 1.49 [0.99; 2.25] 0.055 - -
Postnatal steroid dose b (per additional mg/kg) 1.01 [0.96; 1.05] 0.780 - -
ΔZ-score c for weight (per 1 SD) 0.52 [0.26; 1.00] 0.051 - -
ΔZ-score c for length (per 1 SD) 0.71 [0.42; 1.21] 0.208 - -
ΔZ-score c for HC (per 1 SD) 0.77 [0.53; 1.10] 0.150 - -
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In preterm infants, particularly in EPIs, neonatal infections 
have been reported to be associated with suboptimal later 
neurodevelopment [18–21], which could be explained by the 
inflammation and hemodynamic changes associated with infec-
tions that can damage the white matter [22, 23]. Herein, the 
duration of antibiotic therapy can be considered as a surrogate 
of the exposure to neonatal infections as treatment longer than 
2 days is collectively decided in our unit, according clinical 
course and laboratory results; only infants with confirmed 
infection are therefore exposed to prolonged antibiotic therapy. 
Although the association between antibiotic therapy and neu-
rodevelopment is slightly above significance, the results of the 
present study suggest that preventing infection in EPIs may con-
tribute to the protection of the premature brain and reduction of 
the risk of suboptimal neurodevelopment in EPIs.

Contrary to that previously reported with DXM [3, 4], 
the results of the present study do not support an impact of 
alternatives to post-natal DXM on the neurodevelopment at 
24 months CA. DXM treatment has been associated with 
a decrease in cerebral volume related to a decrease in the 
volume of grey matter and cerebellum [24], which persisted 
after adjustment on neonatal comorbidities, including BPD 
[25]. In studies using HCHS, similarly to herein, after the 
 7th day of life and at doses of 10 to 34 mg/kg/course of pred-
nisone equivalent there was no impaired neurodevelopment 
at 24 months CA; in addition, there was neither brain volume 
abnormality at term-equivalent age, or impaired neurodevel-
opment at school age [6, 26]. Recent studies regarding early 
HCHS and neurodevelopment at 2 and 5 years of age reported 
results consistent with the main findings of the present study 
[27–29]. The impact of BTM on neurological development 
is poorly known [5]. The effect of steroids on the developing 
brain can be explained by their pharmacological properties; 
DXM is a synthetic steroid 25 times more potent than HCHS 
and its interaction with glucocorticoid receptors in the brain 
causes adverse neuronal effects on the hippocampus by acti-
vating the apoptotic pathway, while HCHS mainly interacts 
with mineralocorticoid receptors [30]. The 11b-hydroxyster-
oid dehydrogenase type 2 enzyme is widely expressed in the 
foetal or preterm brain and metabolises active HCHS into the 
inactive form, 11-dehydroxysteroid [31]; there is no equiva-
lent enzyme for DXM metabolism in the human brain. In 
addition, DXM is administered with sodium bisulphite for 
its preservation, unlike HCHS and BTM, and this excipient 
is toxic to neuronal cell lines [32].

As prolonged invasive ventilation, administration of 
PNS, and presence of severe neonatal morbidity are possi-
bly linked, we calculated VIF scores to test multicollinearity 
among the independent variables. All VIF scores were close 
to 1, suggesting absence of collinearity in the model.

The absence of association between PNS, as used in the pre-
sent study, and suboptimal development at 24 months CA is likely 
because the current preterm population and therapies are different 

from the eighties and nineties [3, 4]. BTM and HSHC were used 
for shorter durations, at lower doses, and in a setting where opti-
mised nutritional care has been shown to reduce the risk of post-
natal growth failure [33]. Another important point of note is the 
protective factors identified herein, which seem relevant.

The duration of assisted ventilation, being moderately 
weight-restricted at birth, and the postnatal weight deficit 
were independent risk factors of impaired overall develop-
ment (neurodevelopment, growth, and respiratory outcomes) 
at 24 months CA. Each additional week of invasive ventila-
tion was associated with a 24% increased risk of suboptimal 
overall development at 24 months CA although this increased 
risk did not reach statistical significance (p = 0.060). This pos-
sible association could be explained by inflammation, oxida-
tive stress, hemodynamic changes that are related to assisted 
ventilation and prolonged sedation [34, 35]. In previous stud-
ies, it is reported that each additional day of invasive venti-
lation increases the risk of neuro-developmental impairment 
at 24 months CA, and brain metrics at term-equivalent age 
together with postnatal HC growth were both independently 
associated with the duration of mechanical ventilation and not 
with HCHS [36, 37]. The results or the present study suggest 
that the risk–benefit balance between alternatives to post-
natal DXM and prolonged assisted ventilation is in favour of 
PNS treatment aiming at limiting the duration of exposure to 
mechanical ventilation. In addition, being weight-restricted at 
birth was a significant and independent risk factor of subopti-
mal overall development at 24 months herein, which is in agree-
ment with previously published data [38]. IUGR has also been 
associated with a suboptimal respiratory function at school age, 
and suboptimal growth at 6 years [39]. The results presented 
herein therefore suggests that EPIs who are weight-restricted at 
birth require a specific follow-up of their further development. 
We also identified weight gain between birth and 36 weeks GA 
as a protective factor of suboptimal overall development, as pre-
viously reported [39]. Herein, postnatal weight gain was close 
to foetal weight gain during the third trimester in both groups, 
which suggested the absence of major effect of PNS on growth 
in this population. However, when considering differences in 
Z-scores between birth and 36 weeks GA, there was a deficit 
in both groups, which was slight for body weight and moderate 
(about 1 SD) for length. For HC, only infants treated with PNS 
presented a postnatal deficit, while untreated infants had a gain 
in HC Z-score between birth and 36 weeks. This suggests that 
it is probably still possible to improve the nutritional care in 
EPIs, and advocates for a close monitoring of postnatal growth.

A major limitation of the study is the single-centre, retro-
spective design. Although the results only reflect the experience 
of an individual centre, the study population was representative 
of EPIs, as neonatal morbidities were close to that reported 
in large national cohorts [40]; the findings are therefore likely 
to be applicable to the population of EPIs admitted to other 
units. However, the retrospective nature explains the why some 
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patients were not included because of insufficient data. How-
ever, there was no significant difference between those included 
and those not included in the study. Furthermore, the single-
centre design prevented us from including a greater number 
of infants, and the limited number of infants with the outcome 
of interest (suboptimal neurodevelopment) made it difficult 
to include a greater number of variables in the multivariable 
analysis and limited the power to detect risk factors.

In conclusion, the use of BTM or HCHS, alternatives to 
post-natal DXM, was not associated herein with suboptimal 
neurodevelopment at 24 months CA in EPIs infants. These 
rather reassuring results, together with the few published 
data on this topic, will allow to design prospective ran-
domised studies aimed at comparing DXM and alternative 
products (BTM, HCHS) in neonatology units.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00431- 023- 05319-z.

Acknowledgements The authors would like to thank Philip Robinson 
and Hélène Boyer (Language editing service, Hospices Civils de Lyon) 
for help in manuscript preparation, as well as Marion Masclef-Imbert 
(Hospices Civils de Lyon) and Clement Guillot (reseau Eclaur) for 
help in data collection.

Authors' contributions NM, BPD, JCP, PP, EB and IG made substantial  
contributions to the study conception and design. Data collection were 
performed by NM, BPD, and EB, Analysis and interpretation of data 
were performed by NM, JCP, PP, EB and IG. The first draft of the 
manuscript was written by NM and JCP and all authors commented 
on previous versions of the manuscript. NM, BPD, JCP, PP, EB and IG 
approved the final manuscript. NM, BPD, JCP, PP, EB and IG agree 
to be accountable for all aspects of the work in ensuring that questions 
related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved.

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Data availability Data are available upon reasonable request to the cor-
responding author.

Declarations 

Ethics approval This study was performed in line with the principles 
of the Declaration of Helsinki. Approval was granted by the Ethics 
Committee of Hospices Civils de Lyon (IRB 00013204).

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Nuytten A, Behal H, Duhamel A et  al (2017) Evidence- 
Based Neonatal Unit Practices and Determinants of Postnatal  
Corticosteroid-Use in Preterm Births below 30 Weeks GA 
in Europe. A Population-Based Cohort Study PLoS One 
12:e0170234. https:// doi. org/ 10. 1371/ journ al. pone. 01702 34

 2. Halliday HL (2017) Update on Postnatal Steroids. Neonatology 
111:415–422. https:// doi. org/ 10. 1159/ 00045 8460

 3. Doyle LW, Cheong JL, Hay S et al (2021) Late (≥ 7 days) sys-
temic postnatal corticosteroids for prevention of bronchopulmonary  
dysplasia in preterm infants. Cochrane Database Syst Rev 
11:CD001145. https:// doi. org/ 10. 1002/ 14651 858. CD001 145. pub5

 4. Puia-Dumitrescu M, Wood TR, Comstock BA et al (2022) Dex-
amethasone, Prednisolone, and Methylprednisolone Use and 
2-Year Neurodevelopmental Outcomes in Extremely Preterm 
Infants. JAMA Netw Open 5:e221947. https:// doi. org/ 10. 1001/ 
jaman etwor kopen. 2022. 1947

 5. Jarreau P-H, Fayon M, Baud O et al (2010) The use of postna-
tal corticosteroid therapy in premature infants to prevent or treat 
bronchopulmonary dysplasia: current situation and recommen-
dations. Arch Pediatr 17:1480–1487. https:// doi. org/ 10. 1016/j. 
arcped. 2010. 07. 013

 6. Rademaker KJ, Uiterwaal CSPM, Groenendaal F et al (2007) 
Neonatal hydrocortisone treatment: neurodevelopmental out-
come and MRI at school age in preterm-born children. J Pediatr 
150:351–357. https:// doi. org/ 10. 1016/j. jpeds. 2006. 10. 051

 7. Cambonie G, Mesnage R, Milési C et al (2008) Betamethasone 
impairs cerebral blood flow velocities in very premature infants 
with severe chronic lung disease. J Pediatr 152:270–275. https:// 
doi. org/ 10. 1016/j. jpeds. 2007. 07. 007

 8. Fayon M, Jouvencel P, Carles D et al (2002) Differential effect of 
dexamethasone and hydrocortisone on alveolar growth in rat pups. 
Pediatr Pulmonol 33:443–448. https:// doi. org/ 10. 1002/ ppul. 10108

 9. Tijsseling D, Ter Wolbeek M, Derks JB et al (2018) Neonatal 
corticosteroid therapy affects growth patterns in early infancy. 
PLoS ONE 13:e0192162. https:// doi. org/ 10. 1371/ journ al. pone. 
01921 62

 10. Cummings JJ, Pramanik AK (2022) Postnatal Corticosteroids to 
Prevent or Treat Chronic Lung Disease Following Preterm Birth. 
Pediatrics 149:e2022057530. https:// doi. org/ 10. 1542/ peds. 109.2. 330

 11. Ben Said M, Hays S, Loys C-M et al (2013) Postnatal steroids in 
extremely low birth weight infants: betamethasone or hydrocorti-
sone? Acta Paediatr 102:689–694. https:// doi. org/ 10. 1111/ apa. 12255

 12. Fenton TR, Kim JH (2013) A systematic review and meta-analysis 
to revise the Fenton growth chart for preterm infants. BMC Pediatr 
13:59. https:// doi. org/ 10. 1186/ 1471- 2431- 13- 59

 13. Grisaru-Granovsky S, Reichman B, Lerner-Geva L et al (2012) 
Mortality and morbidity in preterm small-for-gestational-age 
infants: a population-based study. Am J Obstet Gynecol 206:150.
e1–7. https:// doi. org/ 10. 1016/j. ajog. 2011. 08. 025

 14. Jobe AH (2011) The new bronchopulmonary dysplasia. Curr Opin 
Pediatr 23:167–172. https:// doi. org/ 10. 1097/ MOP. 0b013 e3283 423e6b

 15. Gosselin J, Gahagan S, Amiel-Tison C (2005) The Amiel-Tison 
Neurological Assessment at Term: conceptual and methodological 
continuity in the course of follow-up. Ment Retard Dev Disabil 
Res Rev 11:34–51. https:// doi. org/ 10. 1002/ mrdd. 20049

 16. Josse D (1997) Brunet-Lézine Révisé: Echelle de Développement 
Psychomoteur de la Première Enfance. Paris, France: Etablisse-
ments d’applications Psychotechniques

 17. WHO Child Growth Standards based on length/height, weight 
and age (2006) Acta Paediatr Suppl 450:76–85. https:// doi. org/ 
10. 1111/j. 1651- 2227. 2006. tb023 78.x

 18. Stoll BJ, Hansen NI, Adams-Chapman I et al (2004) Neurodevelop-
mental and growth impairment among extremely low-birth-weight 

https://doi.org/10.1007/s00431-023-05319-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1371/journal.pone.0170234
https://doi.org/10.1159/000458460
https://doi.org/10.1002/14651858.CD001145.pub5
https://doi.org/10.1001/jamanetworkopen.2022.1947
https://doi.org/10.1001/jamanetworkopen.2022.1947
https://doi.org/10.1016/j.arcped.2010.07.013
https://doi.org/10.1016/j.arcped.2010.07.013
https://doi.org/10.1016/j.jpeds.2006.10.051
https://doi.org/10.1016/j.jpeds.2007.07.007
https://doi.org/10.1016/j.jpeds.2007.07.007
https://doi.org/10.1002/ppul.10108
https://doi.org/10.1371/journal.pone.0192162
https://doi.org/10.1371/journal.pone.0192162
https://doi.org/10.1542/peds.109.2.330
https://doi.org/10.1111/apa.12255
https://doi.org/10.1186/1471-2431-13-59
https://doi.org/10.1016/j.ajog.2011.08.025
https://doi.org/10.1097/MOP.0b013e3283423e6b
https://doi.org/10.1002/mrdd.20049
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x
https://doi.org/10.1111/j.1651-2227.2006.tb02378.x


687European Journal of Pediatrics (2024) 183:677–687 

1 3

infants with neonatal infection. JAMA 292:2357–2365. https:// doi. 
org/ 10. 1001/ jama. 292. 19. 2357

 19. Schlapbach LJ, Aebischer M, Adams M et al (2011) Impact of sep-
sis on neurodevelopmental outcome in a Swiss National Cohort 
of extremely premature infants. Pediatrics 128:e348-357. https:// 
doi. org/ 10. 1542/ peds. 2010- 3338

 20. Bright HR, Babata K, Allred EN et al (2017) Neurocognitive Out-
comes at 10 Years of Age in Extremely Preterm Newborns with 
Late-Onset Bacteremia. J Pediatr 187:43-49.e1. https:// doi. org/ 
10. 1016/j. jpeds. 2017. 04. 045

 21. Cai S, Thompson DK, Anderson PJ, Yang JY-M (2019) Short- and 
Long-Term Neurodevelopmental Outcomes of Very Preterm Infants 
with Neonatal Sepsis: A Systematic Review and Meta-Analysis. Chil-
dren (Basel) 6. https:// doi. org/ 10. 3390/ child ren61 20131

 22. Ellison VJ, Mocatta TJ, Winterbourn CC et al (2005) The relation-
ship of CSF and plasma cytokine levels to cerebral white matter 
injury in the premature newborn. Pediatr Res 57:282–286. https:// 
doi. org/ 10. 1203/ 01. PDR. 00001 48286. 53572. 95

 23. Sewell E, Roberts J, Mukhopadhyay S (2021) Association of 
Infection in Neonates and Long-Term Neurodevelopmental Out-
come. Clin Perinatol 48:251–261. https:// doi. org/ 10. 1016/j. clp. 
2021. 03. 001

 24. Parikh NA, Lasky RE, Kennedy KA et al (2007) Postnatal dexa-
methasone therapy and cerebral tissue volumes in extremely low 
birth weight infants. Pediatrics 119:265–272. https:// doi. org/ 10. 
1542/ peds. 2006- 1354

 25. Qin G, Lo JW, Marlow N et al (2017) Postnatal dexamethasone, 
respiratory and neurodevelopmental outcomes at two years in 
babies born extremely preterm. PLoS ONE 12:e0181176. https:// 
doi. org/ 10. 1371/ journ al. pone. 01811 76

 26. Watterberg KL, Walsh MC, Li L et al (2022) Hydrocortisone to 
Improve Survival without Bronchopulmonary Dysplasia. N Engl 
J Med 386:1121–1131. https:// doi. org/ 10. 1056/ NEJMo a2114 897

 27. Baud O, Trousson C, Biran V et al (2017) Association Between 
Early Low-Dose Hydrocortisone Therapy in Extremely Preterm 
Neonates and Neurodevelopmental Outcomes at 2 Years of Age. 
JAMA 317:1329. https:// doi. org/ 10. 1001/ jama. 2017. 2692

 28. Baud O, Trousson C, Biran V et al (2019) Two-year neurode-
velopmental outcomes of extremely preterm infants treated with 
early hydrocortisone: treatment effect according to gestational age 
at birth. Arch Dis Child Fetal Neonatal Ed 104:F30–F35. https:// 
doi. org/ 10. 1136/ archd ischi ld- 2017- 313756

 29. Trousson C, Toumazi A, Bourmaud A et al (2023) Neurocogni-
tive outcomes at age 5 years after prophylactic hydrocortisone in 
infants born extremely preterm. Dev Med Child Neurol 65:926–
932. https:// doi. org/ 10. 1111/ dmcn. 15470

 30. Almeida OF, Condé GL, Crochemore C et al (2000) Subtle shifts 
in the ratio between pro- and antiapoptotic molecules after acti-
vation of corticosteroid receptors decide neuronal fate. FASEB J 
14:779–790. https:// doi. org/ 10. 1096/ fasebj. 14.5. 779

 31. Holmes MC, Sangra M, French KL et al (2006) 11beta-Hydroxysteroid  
dehydrogenase type 2 protects the neonatal cerebellum from  
deleterious effects of glucocorticoids. Neuroscience 137:865–873. 
https:// doi. org/ 10. 1016/j. neuro scien ce. 2005. 09. 037

 32. Baud O, Laudenbach V, Evrard P, Gressens P (2001) Neurotoxic 
effects of fluorinated glucocorticoid preparations on the develop-
ing mouse brain: role of preservatives. Pediatr Res 50:706–711. 
https:// doi. org/ 10. 1203/ 00006 450- 20011 2000- 00013

 33. Perrin T, Pradat P, Larcade J et al (2023) Postnatal growth and body 
composition in extremely low birth weight infants fed with indi-
vidually adjusted fortified human milk: a cohort study. Eur J Pediatr 
182:1143–1154. https:// doi. org/ 10. 1007/ s00431- 022- 04775-3

 34. Barton SK, Tolcos M, Miller SL et al (2016) Ventilation-Induced 
Brain Injury in Preterm Neonates: A Review of Potential Therapies. 
Neonatology 110:155–162. https:// doi. org/ 10. 1159/ 00044 4918

 35. Kocek M, Wilcox R, Crank C, Patra K (2016) Evaluation of the 
relationship between opioid exposure in extremely low birth 
weight infants in the neonatal intensive care unit and neurodevel-
opmental outcome at 2 years. Early Hum Dev 92:29–32. https:// 
doi. org/ 10. 1016/j. earlh umdev. 2015. 11. 001

 36. Vliegenthart RJS, van Kaam AH, Aarnoudse-Moens CSH et al 
(2019) Duration of mechanical ventilation and neurodevelopment 
in preterm infants. Arch Dis Child Fetal Neonatal Ed 104:F631–
F635. https:// doi. org/ 10. 1136/ archd ischi ld- 2018- 315993

 37. Rousseau C, Guichard M, Saliba E et  al (2021) Duration of 
mechanical ventilation is more critical for brain growth than post-
natal hydrocortisone in extremely preterm infants. Eur J Pediatr 
180:3307–3315. https:// doi. org/ 10. 1007/ s00431- 021- 04113-z

 38. Korzeniewski SJ, Allred EN, Joseph RM et al (2017) Neurodevelop-
ment at Age 10 Years of Children Born <28 Weeks With Fetal Growth 
Restriction. Pediatrics 140. https:// doi. org/ 10. 1542/ peds. 2017- 0697

 39. Ehrenkranz RA, Dusick AM, Vohr BR et al (2006) Growth in the 
neonatal intensive care unit influences neurodevelopmental and 
growth outcomes of extremely low birth weight infants. Pediatrics 
117:1253–1261. https:// doi. org/ 10. 1542/ peds. 2005- 1368

 40. Ancel P-Y, Goffinet F, Kuhn P et al (2015) Survival and morbidity of 
preterm children born at 22 through 34 weeks’ gestation in France in 
2011: results of the EPIPAGE-2 cohort study. JAMA Pediatr 169:230–
238. https:// doi. org/ 10. 1001/ jamap ediat rics. 2014. 3351

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1001/jama.292.19.2357
https://doi.org/10.1001/jama.292.19.2357
https://doi.org/10.1542/peds.2010-3338
https://doi.org/10.1542/peds.2010-3338
https://doi.org/10.1016/j.jpeds.2017.04.045
https://doi.org/10.1016/j.jpeds.2017.04.045
https://doi.org/10.3390/children6120131
https://doi.org/10.1203/01.PDR.0000148286.53572.95
https://doi.org/10.1203/01.PDR.0000148286.53572.95
https://doi.org/10.1016/j.clp.2021.03.001
https://doi.org/10.1016/j.clp.2021.03.001
https://doi.org/10.1542/peds.2006-1354
https://doi.org/10.1542/peds.2006-1354
https://doi.org/10.1371/journal.pone.0181176
https://doi.org/10.1371/journal.pone.0181176
https://doi.org/10.1056/NEJMoa2114897
https://doi.org/10.1001/jama.2017.2692
https://doi.org/10.1136/archdischild-2017-313756
https://doi.org/10.1136/archdischild-2017-313756
https://doi.org/10.1111/dmcn.15470
https://doi.org/10.1096/fasebj.14.5.779
https://doi.org/10.1016/j.neuroscience.2005.09.037
https://doi.org/10.1203/00006450-200112000-00013
https://doi.org/10.1007/s00431-022-04775-3
https://doi.org/10.1159/000444918
https://doi.org/10.1016/j.earlhumdev.2015.11.001
https://doi.org/10.1016/j.earlhumdev.2015.11.001
https://doi.org/10.1136/archdischild-2018-315993
https://doi.org/10.1007/s00431-021-04113-z
https://doi.org/10.1542/peds.2017-0697
https://doi.org/10.1542/peds.2005-1368
https://doi.org/10.1001/jamapediatrics.2014.3351

	Neurodevelopment at 24 months corrected age in extremely preterm infants treated with dexamethasone alternatives during the late postnatal period: a cohort study
	Abstract
	Introduction
	Material and methods
	Study design
	Population
	Postnatal steroid regimen
	Collected parameters
	Main outcome criteria
	Secondary outcome criteria
	Statistical analyses
	Ethics

	Results
	Discussion
	Acknowledgements 
	References


