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EPIDÉMIOLOGIE 
• EPIPAGE 2 : morbidité néonatale sévère  

• Dyplasie bronchopulmonaire sévère = Oxygénothérapie ≥ 
28 jours + FiO2 ≥ 30% ou support ventilatoire (VNI ou VI) 
à 36 SAC 

AG HIV III-IV LMPV 
kystique 

ECUN 
stade 2-3 

ROP 
stade ≥ 3 

DBP 
sévère 

% % % % % 
< 27 SA 14 2 5 6 22 
27-31 SA 4 2 3 0.3 4 
32-34 SA 0.6 0.8 0.9 0 0.2 

Ancel et al. JAMA Pediatr 2015 



Speer 2006; Kinsella 2006; Jobe 2001	
  

Poumons	
  immatures	
  
Suscep0bilité	
  géné0que	
  

Ven$la$on	
  
mécanique	
  

Infec$on	
  	
  
Postnatale	
  

Infec$on	
  
anté-­‐natale	
  

DBP	
  

Oxygène	
   Autres	
  (CAP…)	
  

↓	
  microvascularisa0on	
  	
  
	
  ↓	
  alvéolarisa0on	
  

Remodelage	
  de	
  la	
  MEC	
  

Support physiopathologique 



Quelles stratégies préventives?  
1.  Non médicamenteuses  

•   limiter baro- et volo-traumatismes 

2.  Médicamenteuses :  
•  Surfactant curatif précoce 
•  Vitamine A : Rôle dans la maturation et la différentiation pulmonaire 

•  ↓ O2 à 36 SAC (Darlow et Graham 2011, Cochrane)  
•  15 000 UI IM /semaine (en 1 ou 3 injections) pendant 4 semaines 
•  RR 0.87, 95% IC  (0.77 - 0.98); NNT 13 
•  è peu utilisé 

•  Essai en cours : Vitamine A pos 5000 UI/kg/j vs placebo (NeoVitaA – 
Allemagne) 

•  Caféine (CAP trial) : DBP (O2 à 36 SAC) : 36 % vs 48% dans le 
groupe placebo, p<0.001 (Schmidt NEJM 2007) 

Corticothérapie post-natale 
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to intra-amniotic endotoxin. By immunostaining, eNOS ex-
pression appeared to be selectively reduced in the small pul-
monary arteries compared with large conducting vessels. Re-
ductions in lung eNOS protein content and decreased respon-
siveness to inhaled nitric oxide have been reported after 3 wk
of chronic mechanical ventilation in preterm lambs (9, 33).
Mice homozygous for the targeted deletion of eNOS have
decreased postnatal survival, impaired alveolarization, and
severe pulmonary hypertension after exposure to mild hypoxia,
suggesting a critical requirement of eNOS for postnatal sur-

vival (6, 13, 14, 37). Taken together, these studies along with
the results of the present study suggest that eNOS deficiency
may contribute to reduced alveolarization and remodeling
changes after exposure to intra-amniotic endotoxin.

VEGF signaling is essential for endothelial cell prolifera-
tion, survival, and angiogenesis (15). A downstream target of
VEGF signaling is nitric oxide and nitric oxide synthase
expression and activity (51). Inhibition of VEGF or the VEGF
receptor signaling causes reduced alveolarization, decreased
pulmonary vascular development, and pulmonary hypertension

Fig. 5. Distal pulmonary arteriolar smooth muscle hypertrophy and adventitial fibrosis. A: arteriolar smooth muscle wall thickness
(%external diameter). B: smooth muscle area relative to total area in controls and endotoxin-exposed animals. Data are means !
SE of 33–47 observations/group in A and mean arteriolar area in individual animals in B, along with the median in each group (n "
3–4/group). *P # 0.05 vs. controls. Representative $-smooth muscle actin-immunostained lung sections used for arteriolar
morphometry showing arteriolar smooth muscle staining (arrow) from control (C), 4 days after IA endotoxin (D), and 7 days after
IA endotoxin (E). Exposure to IA endotoxin caused pulmonary arteriolar smooth muscle hypertrophy at 4 and 7 days.
Representative Trichrome stained lung sections showing arteriolar adventitial collagen blue staining (arrow) and scoring in control
(score " 1; F), 4 days after intra-amniotic endotoxin (score " 2; G), and 7 days (score " 3) after intra-amniotic endotoxin (H).
Exposure to IA endotoxin increased adventitial collagen at 4 and 7 days. Bars represent 50 %m.
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Masson’s trichrome staining for detection of collagen deposi-
tion was performed (Fig. 5, F-H). The adventitial fibrosis (blue
staining) score for control lambs was 0.8 ! 0.1. The adventitial
fibrosis score increased 4 days after intra-amniotic endotoxin to
1.63 ! 0.16 and 7 days after intra-amniotic endotoxin to 2.1 !
0.14 (P " 0.01 for both endotoxin-exposed groups vs. con-
trols).

DISCUSSION

These results are the first to demonstrate the effects of
antenatal inflammation alone without mechanical ventilation or
oxygen exposure on the fetal pulmonary vasculature. Expres-
sion of VEGF, eNOS, PECAM-1, Tie-2, and VEGF-R2 was
reduced for up to 7 days after intra-amniotic endotoxin. Vas-
cular remodeling, as demonstrated by smooth muscle hyper-
trophy and increased adventitial collagen deposition in resis-
tance arterioles, occurred 4 and 7 days after intra-amniotic
endotoxin exposure.

The effects of intra-amniotic endotoxin are different from
systemic (intramuscular or intravenous) endotoxin exposure.
Compared with the 20-mg intra-amniotic endotoxin dose used
in this study, systemic injection of far lower doses (#0.05 mg)
increases lung vascular permeability in adult sheep and causes
death in preterm lambs (10, 23). This animal model differs
from infants exposed to chorioamnionitis in the lack of expo-
sure to live replicating bacteria. We have previously reported
minimal systemic inflammation and no placental inflammation
after 20 mg of intra-amniotic endotoxin (25). In this study, no
fetal acidosis or fetal deaths were observed after intra-amniotic
endotoxin. In previous studies, a lower intra-amniotic endo-
toxin dose of 0.1 or 1 mg inconsistently induced lung inflam-
mation and surfactant synthesis (22, 27). Larger doses of 100
mg of intra-amniotic endotoxin caused comparable lung mat-
urational responses without inducing fetal death, decreasing
fetal growth, or causing miscarriage in the ewe (22). The
mixing of the endotoxin with a relatively large volume (#0.5

Fig. 2. Decreased eNOS protein expression
in the lung. A: representative eNOS immu-
noblot using 50 $g of lung homogenate total
protein in each lane is shown in the inset.
eNOS densitometry was internally normal-
ized to %-actin, and the mean normalized
eNOS densitometry value for controls was
assigned a value of 1. The densitometry
values from treated lambs were expressed
relative to controls. IA endotoxin exposure
decreased eNOS protein level 2 and 4 days
after IA exposure. C, control; n & 4 animals
in each group/time point. *P " 0.05 vs.
controls. B-E: eNOS immunostaining per-
formed on paraffin-embedded lung sections
from control (B), 1 day after IA endotoxin
(C), 4 days after IA endotoxin (D), and 7
days after IA endotoxin (E). Insets in B-E
show eNOS immunostaining of large pulmo-
nary artery endothelium. Vascular endothe-
lial staining of eNOS is evident in small
vessels of control lungs (filled arrows). IA
endotoxin exposure decreased eNOS immu-
nostaining in small pulmonary vessel endo-
thelium (open arrows) compared with large
vessels; n & 3 animals/group. Br, bronchiole
or bronchus. Bars represent 50 $m.
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Le dilemme de la corticothérapie 
systémique post-natale 



Le dilemme de la corticothérapie 
systémique post-natale 
• Quelle voie d’administration? 
• Quel corticoïde? 
• Quelle dose?  



Quelle voie d’administration?  
Inhalée vs systémique  
• Corticothérapie inhalée : beaucoup moins d’études, 

variabilité des molécules, doses, modalités 
d’administration 
•  Cochrane 2012 (Onland, Offringa et van Kaam)  : pas d’efficacité 

(<J7 ou >J7) 
•  NEUROSIS (Bassler et al NEJM 2015) : budésonide inhalé vs 

placebo jusqu’à arrêt de l’oxygénothérapie et de soutien 
ventilatoire, ou à 32 SAC (N = 863, 230 SA – 27+6 SA) 

Budésonide 
(n=437) 

Placébo 
(n=419) 

RR IC 95% p 

Décès 
ou DBP 

40% 46.3% 0.86 0.75-1.00 0.05 

DBP 27.8% 38.0% 0.74 0.60-0.91 0.004 
Décès 16.9% 13.6% 1.24 0.91-1.69 0.17 



Si systémique, quel corticoïde? 
• Dexaméthasone😟 : altère la croissance corticale (Murphy, 

Pediatrics 2001), ↑ paralysie cérébrale (Doyle, Ehrenkranz, Halliday, 
Cochrane 2014) 

• Betaméthasone 😟 
•  Impact délétère sur l’hémodynamique cérébrale (Cambonie et al, J 

Pediatr 2008) 

• Hydrocortisone 😄? 
•  Pas d’impact significatif sur le débit sanguin cérébral (Cambonie et 

al, J Pediatr 2008) 
•  Pas d’impact significatif à 8 ans en IRM fonctionnelle et sur la 

WISC (Lodygenski, Pediatrics 2005) 



Quelle dose?  
• Quel support physiologique pour le choix de la dose?  



Wa*erberg	
  et	
  al.,	
  Pediatrics	
  2000	
  

are illustrated in Fig 1, grouped by respiratory out-
come at 36 weeks postconception. Patients who sub-
sequently developed CLD had significantly lower
cortisol values during the second half of the week.
This was also true when data were analyzed for CLD
at 28 days. Geometric means for CLD versus no CLD
at 28 days were as follows: day 2, 195 nmol/L (n !
51) versus 211 nmol/L (n ! 37) (P ! .11); days 3 to 4,
125 nmol/L (n ! 52) versus 168 nmol/L (n ! 39)
(P ! .09); days 5 to 7, 133 nmol/L (n ! 67) versus 169
nmol/L (n ! 43) (P ! .03).

Regression analysis showed a significant inverse
relationship between cortisol values and the postcon-
ceptional age at which each infant stopped receiving
supplemental oxygen. This inverse relationship was
significant for values obtained on days 3 to 4 (F !
5.84, P ! .04 for cortisol, P ! .03 for gestational age)
and on days 5 to 7 (F ! 8.38, P ! .014 for cortisol, P !
.002 for gestational age).

Figure 2 illustrates the differences seen in cortisol
concentrations through the week in infants with and
without PDA. On day 2, cortisol concentrations were
similar; however, after that, the values were signifi-
cantly different between the 2 groups. The differ-
ences between these patient groups seemed to be
attributable to a decline in cortisol concentrations in
those infants with PDA during the week. Paired t
tests showed that values did not change significantly
through the week in infants without PDA; however,
in infants with PDA, cortisol values decreased sig-
nificantly after day 2 (P " .001, day 2 vs days 3–4;
P ! .001, day 2 vs days 5–7). In a logistic regression
analysis with gestational age and surfactant admin-
istration, the presence of a PDA was significantly
associated with adverse respiratory outcome, both at
28 days (P " .001) and at 36 weeks postconception
(P " .01).

To assess whether indomethacin therapy may
have affected cortisol concentrations in patients with
PDA, we first compared cortisol values between cen-
ters, because the time of PDA treatment differed
significantly between the centers. The median day of

life (25th to 75th percentile) for indomethacin ther-
apy at Penn State University was 4 days (2–6 days),
whereas at the University of New Mexico it was 2
days (1–3 days). Cortisol concentrations in patients
with PDA were similar at both centers throughout
the week. Secondly, we compared cortisol concentra-
tions from those patients with PDA who had not
received indomethacin with values obtained from
patients during or after indomethacin therapy, and
found that cortisol values were not significantly dif-
ferent between those groups. The geometric means
for treated versus not yet treated infants were 97
nmol/L (n ! 39) versus 118 nmol/L (n ! 9) on days
3 to 4, and 112 nmol/L (n ! 51) versus 88 nmol/L
(n ! 9) on days 5 to 7.

Forty-four intubated infants in PA and 27 in NM
had a total of 133 tracheal lavage and serum cortisol
samples obtained on matching days during the first
week of life. All tracheal fluid values were referenced
to secretory component concentration, to adjust for
dilutional differences.21 Secretory component con-
centrations (n ! 129) were different between centers
(P " .01), but were not significantly related to cortisol
values (P ! .34), gestation (P ! .87), surfactant ad-
ministration (P ! .61), or day of life (P ! .61).

The relationship of cortisol concentration to each
tracheal fluid measure was first evaluated for all
matched values during the week. In this analysis,
cortisol showed a significant inverse relationship
with interleukin-6 (n ! 122, r ! #.1967, P " .03),
total protein (n ! 113, r ! #.2553, P " .02), albumin
(n ! 123, r ! #.2243, P ! .003), and !-1 protease
inhibitor (n ! 72, r ! #.2830, P ! .003). Fewer
samples were available for !-1 protease inhibitor
because of small sample volumes. Because day of life
was a significant factor for both cortisol and several
tracheal fluid measures, and because the majority of
data points at the end of the week were obtained
from infants who developed CLD, data were sepa-
rately analyzed for the first half of the week, using
only 1 value per patient. In this analysis, cortisol
concentrations correlated inversely with interleu-

Fig 1. Serum cortisol concentrations (log cortisol in nmol/L,
mean $ SEM) in survivors who developed chronic lung disease at
36 weeks after conception (CLD, F) versus those who recovered
without CLD (!). Values are significantly different at days 5 to 7
(P ! .04). Gestational age was included as an independent factor
in these analyses.

Fig 2. Serum cortisol concentrations (log cortisol in nmol/L,
mean $ SEM) in patients treated for patent ductus arteriosus (F)
versus those not treated (!). Values are significantly different
between groups on days 3 to 4 (P ! .002) and 5 to 7 (P " .001).
Gestational age was a cofactor in this analysis.
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kin-1! (n ! 61, r ! ".2771, P # .02), interleukin-8
(n ! 63, r ! ".3135, P # .02), total protein (n ! 56,
r ! ".2795, P # .05), and albumin (n ! 61, r !
".1982, P # .05). Figure 3 illustrates the inverse
relationship between cortisol and interleukin-8.

DISCUSSION
In this study, we demonstrated for the first time, to

our knowledge, that lower serum cortisol concentra-
tions in very low birth weight infants correlated with
2 factors previously linked to adverse respiratory
outcome in premature infants: increased lung in-
flammation and the presence of a PDA. We found
that cortisol concentrations decreased during the
course of the first week of life in infants with PDA.
Whereas such a decline could be appropriate for well
infants, or for those whose acute lung disease is
resolving, patients with PDA were smaller, sicker,
and had a higher incidence of adverse respiratory
outcome. Lower cortisol values were also associated
with evidence of increased lung inflammation and
protein leak and with adverse respiratory outcome in
this study population. All these presumably stressful
factors might be expected to result in higher, rather
than lower, serum cortisol concentrations.

These lower cortisol values cannot be attributed to
gestational age, because premature infants do not
have lower basal cortisol concentrations than term
infants.13–15,23 Lower serum protein concentrations do
not account for the lower cortisol values seen. Al-
though premature infants generally have lower albu-
min concentrations, cortisol is bound primarily to
cortisol binding globulin. Cortisol binding globulin
values in premature infants are lower than the adult
normal range,15,23,24 but have no relationship to cor-
tisol concentrations24 and do not result in lower free
plasma cortisol levels.23 Certainly, other factors we
are not aware of may have contributed to lower
cortisol concentrations; however, any adverse event
should increase rather than decrease cortisol secre-
tion, as a response to stress.

Single plasma cortisol concentrations may be of
limited usefulness in evaluating adrenal function;
however, statistical comparisons of values between

groups can provide useful information about popu-
lation differences. Further, single values may be
more useful in preterm infants than in other popu-
lations. First, infants do not exhibit the diurnal vari-
ation in cortisol concentrations seen in older individ-
uals.15,25 In addition, a recent study found decreased
variability throughout time in cortisol concentrations
in small premature infants, and suggested that a
single cortisol value is representative of plasma cor-
tisol concentration throughout a prolonged period of
time in these infants.26

None of these infants were exposed to prenatal
glucocorticoids, which can suppress postnatal corti-
sol values.19 Because this study was conducted before
general use of prenatal glucocorticoids at either in-
stitution, these data provide a now unique opportu-
nity to study the relationship of adrenal function to
biochemical and clinical outcome measures. Future
studies in this area can compare these data with
values found in infants exposed to prenatal glucocor-
ticoids.

Previous studies of the cause of CLD have gener-
ally focused on external agents of lung injury, such
as oxygen or barotrauma.1 However, infants with
apparently similar exposures to such injurious
agents may have quite different respiratory out-
comes; thus, it seemed reasonable to consider that
differences in outcome may result from differences
in the individual infants’ responses to lung injury.
We and many other investigators have previously
described early postnatal increases in measures of
lung inflammation in infants who go on to develop
BPD.1,27 Recently, increased markers of inflammation
have even been found prenatally in infants who de-
velop BPD.28 Additionally, pulmonary edema and
increased pulmonary epithelial permeability have
been described in these infants.1,29 In this study, we
found that lower cortisol concentrations correlated
with higher tracheal fluid concentrations of interleu-
kin-1!, -6, and -8, as well as with tracheal fluid
proteins. These findings are consistent with the cen-
tral role that glucocorticoids play in dampening the
inflammatory response to injury, as well as inhibit-
ing microvascular permeability and inflammatory
edema.5–8

We are not aware of previous studies evaluating
the relationship of endogenous cortisol concentra-
tions to the presence of PDA. However, animal stud-
ies have documented that glucocorticoid administra-
tion decreases the sensitivity of ductal tissue to the
dilating influence of prostaglandin E2.9,10 Because
cortisol suppresses the activity of phospholipase
A2,5,6 it may also decrease prostaglandin production.
Several clinical studies have found a decreased inci-
dence of PDA in newborns after exposure to prenatal
steroids.11 Additionally, a recent randomized study
of dexamethasone therapy beginning on the first day
of life found a decreased incidence of PDA in the
dexamethasone-treated infants, compared with con-
trols.12 These studies are consistent with the theoret-
ical basis for our observation; that is, that increased
endogenous cortisol production in the premature in-
fant may promote ductal constriction, resulting in a
decreased incidence of PDA.

Fig 3. Serum cortisol concentrations (log cortisol in nmol/L,
mean $ SEM) are shown plotted against tracheal fluid concentra-
tions of interleukin-8. One value is included per patient, from the
first lavage performed during the first 4 days of life (n ! 63, r !
".3135, P # .02).
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Regression analysis showed a significant inverse
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ceptional age at which each infant stopped receiving
supplemental oxygen. This inverse relationship was
significant for values obtained on days 3 to 4 (F !
5.84, P ! .04 for cortisol, P ! .03 for gestational age)
and on days 5 to 7 (F ! 8.38, P ! .014 for cortisol, P !
.002 for gestational age).
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similar; however, after that, the values were signifi-
cantly different between the 2 groups. The differ-
ences between these patient groups seemed to be
attributable to a decline in cortisol concentrations in
those infants with PDA during the week. Paired t
tests showed that values did not change significantly
through the week in infants without PDA; however,
in infants with PDA, cortisol values decreased sig-
nificantly after day 2 (P " .001, day 2 vs days 3–4;
P ! .001, day 2 vs days 5–7). In a logistic regression
analysis with gestational age and surfactant admin-
istration, the presence of a PDA was significantly
associated with adverse respiratory outcome, both at
28 days (P " .001) and at 36 weeks postconception
(P " .01).

To assess whether indomethacin therapy may
have affected cortisol concentrations in patients with
PDA, we first compared cortisol values between cen-
ters, because the time of PDA treatment differed
significantly between the centers. The median day of

life (25th to 75th percentile) for indomethacin ther-
apy at Penn State University was 4 days (2–6 days),
whereas at the University of New Mexico it was 2
days (1–3 days). Cortisol concentrations in patients
with PDA were similar at both centers throughout
the week. Secondly, we compared cortisol concentra-
tions from those patients with PDA who had not
received indomethacin with values obtained from
patients during or after indomethacin therapy, and
found that cortisol values were not significantly dif-
ferent between those groups. The geometric means
for treated versus not yet treated infants were 97
nmol/L (n ! 39) versus 118 nmol/L (n ! 9) on days
3 to 4, and 112 nmol/L (n ! 51) versus 88 nmol/L
(n ! 9) on days 5 to 7.

Forty-four intubated infants in PA and 27 in NM
had a total of 133 tracheal lavage and serum cortisol
samples obtained on matching days during the first
week of life. All tracheal fluid values were referenced
to secretory component concentration, to adjust for
dilutional differences.21 Secretory component con-
centrations (n ! 129) were different between centers
(P " .01), but were not significantly related to cortisol
values (P ! .34), gestation (P ! .87), surfactant ad-
ministration (P ! .61), or day of life (P ! .61).

The relationship of cortisol concentration to each
tracheal fluid measure was first evaluated for all
matched values during the week. In this analysis,
cortisol showed a significant inverse relationship
with interleukin-6 (n ! 122, r ! #.1967, P " .03),
total protein (n ! 113, r ! #.2553, P " .02), albumin
(n ! 123, r ! #.2243, P ! .003), and !-1 protease
inhibitor (n ! 72, r ! #.2830, P ! .003). Fewer
samples were available for !-1 protease inhibitor
because of small sample volumes. Because day of life
was a significant factor for both cortisol and several
tracheal fluid measures, and because the majority of
data points at the end of the week were obtained
from infants who developed CLD, data were sepa-
rately analyzed for the first half of the week, using
only 1 value per patient. In this analysis, cortisol
concentrations correlated inversely with interleu-

Fig 1. Serum cortisol concentrations (log cortisol in nmol/L,
mean $ SEM) in survivors who developed chronic lung disease at
36 weeks after conception (CLD, F) versus those who recovered
without CLD (!). Values are significantly different at days 5 to 7
(P ! .04). Gestational age was included as an independent factor
in these analyses.

Fig 2. Serum cortisol concentrations (log cortisol in nmol/L,
mean $ SEM) in patients treated for patent ductus arteriosus (F)
versus those not treated (!). Values are significantly different
between groups on days 3 to 4 (P ! .002) and 5 to 7 (P " .001).
Gestational age was a cofactor in this analysis.
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Concentrations sériques en cortisol et DBP 

Une insuffisance surrénalienne 
« relative » favoriserait-elle la 
survenue d’une DBP?  



Impact d’une prophylaxie de l’insuffisance 
surrénalienne chez le prématurissime ?	
  

•  Lien entre insuffisance surrénale précoce et DBP 
•  Faible concentration en cortisol en cas de CAP 
•  Corrélation inverse entre cortisol et inflammation pulmonaire 
•  Lien entre cortisol et nutrition entérale 
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Etude pilote : Watterberg, Pediatrics 1999 
Hydrocortisone, 1 mg/kg/j 9 jours puis 0.5 mg/kg/j 3jours 
N=40, PN<1000g 

 

Hydrocortisone et alimentation entérale 
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  al.,	
  Pediatrics	
  1999	
  



Impact d’une prophylaxie de l’insuffisance 
surrénalienne chez le prématurissime ?	
  

•  Lien entre insuffisance surrénale précoce et DBP 
•  Faible concentration en cortisol en cas de CAP 
•  Corrélation inverse entre cortisol et inflammation pulmonaire 
•  Lien entre cortisol et nutrition entérale 

FDR de 
DBP 

Intérêt de très faibles doses d’hydrocortisones dans les premiers jours 
de vie, comparables à la production endogène de cortisol ≈7.5mg/m2/j 
(0.75mg/kg/j) 
 
Rq: 0.5 mg/kg/d of DXM ≈ 15 - 30x production endogène de cortisol   



Etude	
  PROPHET	
  

HSHC (n=180) Placebo (n=180) 

PN (g) 731 +/- 126 734 +/- 126 
AG (SA) 25.2 +/- 1.5 25.3 +/- 1.7 
% corticothérapie 
anténatale 

77 81 

% outborn 16 8* 
% survie sans DBP 35 34 

Arrêt	
  prématuré	
  à	
  n=360	
  

1e étude randomisée contrôlée utilisant l’hydrocortisone chez les 
prématurissimes 

Wa*erberg	
  et	
  al.,	
  Pediatrics	
  2004	
  



Etude	
  PROPHET	
  

HSHC (n=180) Placebo (n=180) 

% LMPV 7 8 
% HIV III-IV 19 16 
% ROP III-IV 27 31 
% perforation GI 
spontanée 

9* 2 

Arrêt	
  de	
  l’étude	
  à	
  n=360	
  

0%

2%

4%

6%

8%

10%

12%

HSHC +
indo

HSHC Indo None Total

* p=0.01 

Wa*erberg	
  et	
  al.,	
  Pediatrics	
  2004	
  



Etude	
  PROPHET	
  
Dans	
  le	
  sous	
  groupe	
  chorioamnio0te	
  

HSHC  Placebo  

% Survie sans DBP 38 24* 

Wa*erberg	
  et	
  al.,	
  Pediatrics	
  2004	
  



Autres	
  études	
  u0lisant	
  l’HSHC	
  «	
  à	
  dose	
  
surrénalienne	
  »	
  en	
  préven0on	
  de	
  la	
  DBP	
  

•  Peltoniemi et al. (J Pediatr 2005) 
•  AG ≤ 30 SA, PN 500-1250g 
•  Début HSHC < H36 et pendant 10 jours, de 2.0 to 0.75 mg/kg/j. 
•  DBP (28% vs 42%, HSHC vs placebo, P = 0.28), et CAP (36% vs 73%, 

HSHC vs placebo, p = 0.01)  
•  Arrêt à n=51 en raison d’une incidence accrue de perforation GI (4 vs 0)  

•  Bonsante et al. (Neonatology 2007) 
•  PN 500-1250g, en ventilation invasive (n=50) 
•  HSHC 0.5 mg/kg/12 h for 9 days, then 0.5 mg/kg/24 h for 3 days 
•  Survie sans O2 : 64% vs. 32%, HSHC vs placebo, p<0.05 
•  Mortalité : 16% vs 40%, HSHC vs placebo, p=0.05 



Synthèse 
• DBP reste une problématique chez le prématurissime :  
•  Incidence : 22% chez le < 27SA (EPIPAGE 2) 
• Utilisation fréquente, « off-label », de différents 

corticoïdes, potentiellement délétères 
•  Intérêt de l’HSHC « à dose surrénalienne » 

•  Dans la prévention de la DBP? 
•  Sur la fermeture du CA? 
•  Sur la mortalité?  
•  Risque accru de perforation digestive?  

•  Rôle de la co-administration d’AINS? Indométhacine  



PREMILOC 
Baud et al, Lancet 2016 



	
  

Hypothèses & Méthodes 

Essai randomisé, double-aveugle, contre placebo, 
multicentrique 

Stratification selon l’AG 
(strate 1 = 24-25 SA; strate 2 = 26-27 SA) 

 
Mortalité néonatale :  25% → 20%  

DBP à 36SAC:  25% → 18% (Walsh) 
 

Design séquentiel avec test triangulaire  
estimation du NSN =786 

 
    (N=521) 

 



Centres	
  par0cipant	
  :	
  21	
  centres	
  de	
  niveau	
  3	
  



Critères d’inclusion/exclusion 
q  Inclusion 

q  AG entre 24+0 et 27+6 SA 
q  Consentement parental signé 

q  Exclusion 
q  Malformation congénitale majeure et anomalie chromosomique    
q  Outborn  
q  RPM<22SA  
q  Nb de foetus > 3 
q  RCIU< 3e Pe selon les courbes françaises customisées 
q  Anti-inflammatoire < H24 



	
  
0.5	
  mg/kg/12h	
  iv	
  pendant	
  7	
  j	
  
0.5	
  mg/kg/24h	
  iv	
  pendant	
  3	
  j	
  	
  
Total:	
  17	
  injec0ons	
  pour	
  une	
  dose	
  cumula0ve	
  de	
  8.5mg/kg	
  
	
  
Début	
  du	
  traitement	
  <H24	
  
	
  
	
  
	
  

Birth	
  	
  	
  h24 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  J7 	
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  36	
  SAC	
  

Objec0f	
  principal	
  
=	
  survie	
  sans	
  DBP	
  

Design de l’étude pour une sécurité optimale : 
-  Doses d’hydrocortisone les plus basses  
-  FDR d’EI à court terme éliminés (RCIU, AINS<H24)  
-  Analyses intermédiaires pour un meilleur monitorage 

Traitement et design 



426	
  n’ont	
  pas	
  été	
  randomisé	
  :	
  
	
  	
  	
  	
  	
  266	
  :	
  accord	
  parental	
  impossible	
  à	
  
recueillir	
  dans	
  les	
  délais	
  	
  
	
  	
  	
  	
  	
  160	
  refus	
  parental	
  

256	
  pour	
  hydrocor0sone	
  

255	
  inclus	
  dans	
  l’analyse	
  

1	
  retrait	
  de	
  
consentement	
  

1	
  retrait	
  de	
  
consentement	
  	
  

266	
  inclus	
  dans	
  l’analyse	
  

123	
  exclus	
  pour	
  au	
  moins	
  1	
  mo0f	
  :	
  
	
  	
  	
  	
  	
  46	
  avaient	
  un	
  pronos0c	
  à	
  court	
  terme	
  délétère	
  
	
  	
  	
  	
  	
  37	
  avaient	
  reçu	
  de	
  l’ibu	
  et/ou	
  de	
  l’HC	
  <	
  H24	
  
	
  	
  	
  	
  	
  20	
  inclus	
  trop	
  tardivement	
  ou	
  dans	
  une	
  autre	
  étude	
  	
  
	
  	
  	
  	
  	
  20	
  exclus	
  pour	
  des	
  pb	
  techniques	
  ou	
  autres	
  

N=	
  1072	
  

949	
  incluables	
  

523	
  randomisés	
  

	
  	
  	
  	
  	
  	
  	
  267	
  pour	
  placebo	
  



Caractéristiques anténatales 

HSHC	
  	
  
(n=255)	
  
	
  

Placebo	
  	
  
(n=266)	
  

Age	
  de	
  la	
  mère	
  (ans,	
  moy	
  [Q1-­‐Q3)]	
   29.9	
  (26.5-­‐34.5)	
   29.6	
  (26.5-­‐34.7)	
  

Ethnie	
  caucasienne	
   113	
  (48%)	
   119	
  (47%)	
  

Grossesse	
  mul0ple	
   82	
  (32%)	
   90	
  (34%)	
  

Tocolyse	
   159	
  (63%)	
   182	
  (69%)	
  

An0biothérapie	
  anténatale	
   173	
  (68%)	
   185	
  (70%)	
  

Cor0cothérapie	
  anténatale	
  /	
  Cure	
  
complète	
  

238	
  (93%)	
  /	
  192	
  (81%)	
   246	
  (93%)	
  /	
  197	
  
(80%)	
  

Chorioamnionite	
  clinique	
   114	
  (50%)	
   127	
  (54%)	
  

Rupture	
  des	
  membranes	
  >	
  24h	
   76	
  (30%)	
   83	
  (31%)	
  

Hypertension	
  gravidique	
   34	
  (13%)	
   23	
  (9%)	
  



Caractéristiques périnatales 
HSHC	
  	
  
(n=255)	
  
	
  

Placebo	
  	
  
(n=266)	
  

Voie	
  basse	
   131	
  (52%)	
   143	
  (55%)	
  

Césarienne	
  
Césarienne	
  élec0ve	
  

121	
  (48%)	
  
79	
  (31%)	
  

119	
  (45%)	
  
70	
  (27%)	
  

APGAR	
  à	
  5	
  min	
  [moy	
  (Q1-­‐Q3)]	
   8	
  (6-­‐10)	
   8	
  (7-­‐10)	
  

PN	
  [g,	
  moy(	
  Q1-­‐Q3)]	
   830	
  (750-­‐970)	
   840	
  (735-­‐970)	
  

AG	
  [SA,	
  moy(Q1-­‐Q3)]	
   26.4	
  (25.6-­‐27.1)	
   26.5	
  (25.7-­‐27.1)	
  

Sexe	
  masculin	
   131	
  (51%)	
   149	
  (56%)	
  

24-­‐25	
  SA	
  
26-­‐27	
  SA	
  

83	
  (33%)	
  
172	
  (67%)	
  

90	
  (34%)	
  
176	
  (66%)	
  

Score	
  CRIB	
  avant	
  mt	
  [moy(Q1-­‐Q3)]	
   4	
  (1-­‐6)	
   4	
  (1-­‐7)	
  



Survie	
  sans	
  
DBP 

Hydrocor$sone 
N=255 

Placebo 
N=266 

OR	
  [95%	
  CI] P	
  value 

Succès 153	
  (60.0) 136	
  (51.1) 1.48	
  [1.02	
  ;	
  2.16] 0.04 
	
  
NNT	
  [CI	
  95%] 

	
  
11	
  [6	
  ;	
  100] 

Objectif principal : survie sans DBP 



HSHC 
N=255 

Placebo 
N=266 

OR [95% CI] p 

Causes de l’échec   

Mortalité < 36 SAC 
n(%) 

 
47 (18.4) 

 
60 (22.6) 

 
0.83 [0.57; 1.21] 

 
0.33 

DBP à 36 SAC n(%) 55 (21.6) 70 (26.3) 0.82 [0.58 ; 1.16] 0.25 

Objectif principal : survie sans DBP 



HSHC 
N=255 

Placebo 
N=266 

OR [95% CI] p 

Analyse en sous 
groupe 

Strate 1 (AG 24-25 SA) 28/83 (33.7) 21/90 (23.3) 1.67 [0.86 ; 3.26] 0.13 

Strate2 (AG 26-27 SA) 125/172 
(72.7) 

115/176 
(65.3) 

1.41 [0.89 ; 2.23] 0.14 

Objectif principal : survie sans DBP 



Hydrocortisone 
N=255 Placebo 

N=266 OR [95% CI] P 
Analyse Post 
hoc 
 
Sexe masculin  

67/131 (51.1)  
74/149 (49.7)  

1.05 [0.64 ; 1.74]  
0.84 

 
Sexe féminin  

86/124 (69.4)  
62/117 (53.0)  

2.25 [1.25 ; 4.04]  
0.007 

 
Chorioamniotite 
Pas de 
chorioamniotite 

 
74/114 (64.9) 
67/113 (59.3) 

 
67/127 (52.8) 
56/111 (50.5) 

 
1.89 [1.00 ; 3.56] 
1.39 [0.81 ; 2.40] 

 
0.05 
0.23 

Objectif principal : survie sans DBP 



Objectifs secondaires  
Variable Hydrocortisone 

N=255 
Placebo 
N=266 

OR [95% CI] P 

Patients extubés à J10 152 (59.6) 116 (43.6) 2.07 [1.42 ; 3.02] <0.001 
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Objectifs secondaires  
Variable Hydrocortisone 

N=255 
Placebo 
N=266 

OR [95% CI] P 

Patients extubés à J10 152 (59.6) 116 (43.6) 2.07 [1.42 ; 3.02] <0.001 
Sevré de tout support 
ventilatoire à 36 SAC 

170 (66.7) 160 (60.2) 1.15 [0.92 ; 1.45] 0.22 

Sevré de toute 
oxygénothérapie à 36 SAC 

139 (54.5) 119 (44.7) 1.31 [1.02 ; 1.68] 0.04 

Ligature du CA 37 (14.5) 55 (20.7) 0.63 [0.42 ; 0.97] 0.03 



Effets indésirables sévères 
EI	
  sévère Hydrocor$sone 

N=255 Placebo 
N=266 OR	
  [95%	
  IC] p 

Pneumothorax 5	
  (2.0%) 7	
  (2.6%) 0.75	
  [0.23	
  ;	
  2.39] 0.62 
Hémorragie	
  pulmonaire 19	
  (7.5%) 17	
  (6.4%) 1.19	
  [0.60;	
  2.34] 0.62 
HTAP 35	
  (13.7%) 38	
  (14.3%) 0.96	
  [0.58	
  ;	
  1.57] 0.87 
Insulinothérapie 113	
  (44.3%) 115	
  (43.2%) 1.04	
  [0.73	
  ;	
  1.49] 0.81 
ECUN 18	
  (7.1%) 12	
  (4.5%) 1.51	
  [0.72	
  ;	
  3.16] 0.28 
Perfora$on	
  GI 13	
  (5.1%) 11	
  (4.1%) 1.27	
  [0.57	
  ;	
  2.80] 0.56 
Sepsis	
  nosocomial	
  sévère 80	
  (31.4%) 66	
  (24.8%) 1.30	
  [0.94	
  ;	
  1.81] 0.12 
HIV	
  sévère	
  (grade	
  3	
  –	
  4) 38	
  (14.9%) 38	
  (14.3%) 1.07	
  [0.65	
  ;	
  1.77] 0.79 
LMPV	
  kys$que 4	
  (1.6%) 10	
  (3.8%) 0.41	
  [0.13	
  ;	
  1.31] 0.13 
ROP	
  sévère 4	
  (1.6%) 2	
  (0.8%) -­‐ -­‐ 
Décès	
  en	
  cours	
  d’hospitalisa$on 48	
  (18.8%) 67	
  (25.2%) 0.67	
  [0.43	
  ;	
  1.05] 0.08 



Hydrocortisone – n(%) Placebo – n(%) 

Traitement 24-25 SA 
(N=83) 

26-27 SA 
(N=172) 

Groupe 
entier 

(N=255) 

24-25 SA 
(N=90) 

26-27 SA 
(N=176) 

Groupe entier 
(N=266) 

Citrate de 
caféine 

60 (72.3) 158 
(91.9) 

218 (85.5) 61 (67.8) 162 (92.0) 223 (83.8) 

Dopamine 28 (33.7) 40 (23.3) 68 (26.7) 31 (34.4) 57 (32.4) 88 (33.1) 

Surfactant 
exogène 

70 (84.3) 134 
(77.9) 

204 (80.0) 76 (84.4) 143 (81.3) 219 (82.3) 

Ibuprofène 45 (54.2) 74 (43.0) 119 (46.7) 55 (61.1) 92 (52.3) 147 (55.3) 

NO inhalé 2 (2.4) 9 (5.2) 11 (4.3) 4 (4.4) 7 (4.0) 11 (4.1) 

Hydrocortisone 
Systemique  

24 (28.9) 33 (19.2) 57 (22.4) 30 (33.3) 27 (15.3) 57 (21.4) 

Betamethasone 
systémique  

9 (10.8) 13 (7.6) 22 (8.6) 12 (13.3) 21 (11.9) 33 (12.4) 

Corticoïdes 
inhalés 

21 (25.3) 36 (20.9) 57 (22.4) 26 (28.9) 41 (23.3) 67 (25.2) 

Autres traitements 



Conclusion	
  
• De faibles doses d’HSHC, <H24  

•  ↑ la survie sans DBP chez les prématurissimes 
•  ↓ la mortalité chez les 26 – 27 SA 
•  Effet probable de l’HSHC sur la fermeture précoce du CA 
•  Efficacité supérieure chez les filles 



Prochaines	
  étapes	
  …	
  
•  Suivi à 2 ans (en cours et estimé autour de 90%) 
•  Meta-analyse incluant les données des autres essais 

randomisant contrôlés  
•  Etudes ancillaires : données placentaires, cortisolémie pré-

traitement, concentrations de minéralo-corticoïdes, fonction 
thyroïdienne, IRM à terme 

•  Identifier une population ciblée qui pourrait bénéficier au mieux 
de l’hydrocortisone 

	
  
Chorioamniotite +++ 
Prudence si utilisation concomitante d’anti-inflammatoires < H24 !!  


