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Incomplete Antenatal Steroid Therapy Can Enhance Outcomes in
Preterm Infants with Emergency Conditions
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ABSTRACT
OBJECTIVE: We aimed to investigate the role of incomplete of antenatal steroid therapy by comparing
with no and complete steroid exposure on mortality and morbidity in preterm infants.
STUDY DESIGN: This is a prospective, an observational study which includes preterm infants of 32
weeks of gestation and/or ≤1500 grams who were referred to Izmir Dr. Behcet Uz Children’s Hospital
NICU during the one year period. Infants were divided into three groups according to the administration
of antenatal steroid as those who received incomplete-dose antenatal steroid, complete dose steroid
therapy and those with no steroid exposure. Intubation at the delivery room, surfactant requirement, the
inotropic requirement in the first 72 hours and morbidities associated with prematurity were determined
as the primary results. Mortality and bronchopulmonary dysplasia at discharge and stage ≥2 retinopathy were analyzed as secondary outcomes.
RESULTS: We found that 54 infants were born with an incomplete dose, 55 infants with complete dose
and 38 infants with no steroid therapy. Surfactant requirement, inotropic requirement, and hemodynamically significant patent ductus arteriosus were lower in the steroid exposure group leading to a statistical difference (p <0.05). Also, it was found that mortality and Bronchopulmonary dysplasia was lower in
the incomplete and complete dose steroid groups, leading to a statistical difference (p <0.05).
CONCLUSION: We speculate that even incomplete dose steroid may reduce mortality by reducing respiratory distress syndrome.
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tory morbidities have resulted in decreased mortality rates of
preterm infants (2,3).

Introduction
Infants born at or before 25 weeks’ gestation have the
highest mortality rate (approximately 50 percent) (1,2).
Advances in neonatal intensive care unit (NICU) and antenatal steroid (AS) therapy to prevent and treat neonatal respira1
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Antenatal administration of corticosteroids (AS) accelerates the development of pneumocytes, leading to structural
changes that improve both lung mechanics and gas exchange
(4). Liggins and Howie for the ﬁrst time in 1972 showed that
glucocorticoid administration in pregnancies improved the
lung maturation and reduced the incidence of respiratory distress syndrome (RDS) (5,6). Many studies have reported the
beneﬁts of steroid administration in the antenatal period, it is
also reported at the last Cochrane review that the AS reduces
the incidence of RDS by 34%, and additionally reduces intraventricular hemorrhage (IVH), necrotizing enterocolitis
(NEC), respiratory support, and mortality (7). These beneﬁts
may be the effect of the respiratory recovery and maturational
changes in numerous tissues due to corticosteroid stimulation
of developmentally regulated genes (8). For this reason, AS is
the standard treatment for all pregnancies at risk of preterm
birth worldwide.
However, this may not always be possible in cases of
emergency in terms of, threatening the life of the baby or
mother and the baby may be born with the incomplete treatment of AS or no AS. There are only a few studies investigat64
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ing the relationship between mortality and morbidity when AS
is not performed completely.

of radiographic evidence of cardiomegaly or pulmonary
edema (12).

In this study; we aimed to investigate the role of incomplete of antenatal steroid therapy by comparing with no and
complete steroid exposure on mortality and morbidity in
preterm infants.

Retinopathy of prematurity (ROP) is classiﬁed according
to The International Classiﬁcation for Retinopathy of
Prematurity (ICROP) (13).

Material and Method
The NICU at Behcet Uz Children’s Hospital is a referral
center for treating rare and complex medical conditions in
neonates. This prospective and observational study was conducted at the Neonatology Clinic of Behcet Uz Children’s
Hospital (level IV NICU, in Izmir, Turkey), between January
2017 and January 2018. Ethical approval from the Behçet Uz
Child Hospital Ethics Committee (2016/81) was obtained and
conformed to the tenets of the Declaration of Helsinki. The
aims of the study were explained, with an interpreter whenever necessary and written informed consent was obtained.
Preterm infants with a gestational age of ≤32 weeks and/or
birth weight ≤ 1500 g were included in the trial. The exclusion
criteria for the study were major congenital anomalies and
congenital infections.
A single dose of antenatal steroid treatment until 24 hours
before birth was considered “incomplete treatment of antenatal steroid therapy”. The infants were divided into two groups,
those who had incomplete treatment of AS and those who did
not receive any AS.
Respiratory distress syndrome was diagnosed according to
the clinical parameters determined by the neonatologist
(9).
Respiratory rate >60/min,
Respiratory distress in evidence of dyspnea, cyanosis, intercostal, and subcostal retraction,
Appearing within 4-6 hours after delivery,
Oxygen requirement (any percentage) to prevent cyanosis
Chest X-ray changes (ground glass appearance and air
bronchograms).
IVH is diagnosed by cranial ultrasound on day three of life
and graded according to the Papile classiﬁcation (10). NEC is
diagnosed according to the Bell stage (11).
Clinically signiﬁcant patent ductus arteriosus (PDA) was
diagnosed when there was color Doppler echocardiographic
evidence of left to right ductal shunt associated with at least 2
of the following clinical signs: heart murmur, persistent tachycardia (HR >160/min), hyperactive precordial pulsation,
bounding pulses, differential pulse pressure ( >30mmHg) or
hyperactive precordial pulsation, hypotension, and presence

Infants were examined periodically after discharge in the
Preterm Birth Clinic at Behcet Uz Children’s Hospital and formal neurodevelopmental testing was conducted at an adjusted
age of 12 to 24 months. Data obtained from Preterm Birth
Clinic records included the Bayley Scales of Infant
Development II, which included the Mental Developmental
Index (MDI) and the Psychomotor Developmental Index
(PDI), performed by Developmental of Behavioral
Pediatrician.
Study intervention
The infants were stabilized on NCPAP (Neopuff; Fisher
and Paykel, Auckland, New Zealand) in the delivery room
and during transport to the NICU. All of the infants were
started on prophylactic caffeine at NICU admission.
Noninvasive ventilation was started within 30 min of birth
immediately. Noninvasive ventilation was delivered by a
neonatal ventilator (SLE 5000, Germany) via short, binasal
prongs (Fisher and Paykel Healthcare Ltd., UK). FiO2 was
titrated at 0.21-0.50 to maintain an oxygen saturation level of
90%-95%, as measured via pulse oximeter. The infants
treated with surfactant according to Turkish Neonatal Society
RDS guideline which is based to European RDS guideline
(14). Under non-invasive ventilation, the surfactant (poractant alfa 200mg/kg) was administered as rescue therapy if the
infant required ≥0.40 FiO2 to maintain the target saturation
level of 90% -95%. Blood gas measurements were performed
by the clinical team as needed (14).
The primary outcomes were intubation within 72 hours,
surfactant requirement, usage of inotropic agent within 120
hours, presence of hemodynamically signiﬁcant PDA, ROP
(stage ≥2 deﬁned as per international classiﬁcation), NEC
(stage ≥2 based on Bell’s criteria) and severe IVH (grade III
and IV IVH) in both groups. Duration of invasive/noninvasive
ventilation, oxygen dependency, mortality at discharge and
bronchopulmonary dysplasia (oxygen dependency at 36
weeks postmenstrual age, BPD) were our secondary outcomes. We also recorded maternal and neonatal demographics
and SNAPPE II.
Statistical analysis
Statistical analyses were performed using the SPSS software package for Windows (SPSS, Inc., Chicago, IL).
Quantitative variables were expressed as mean ± standard deviation (SD) and median (minimum/maximum) and categorical variance was expressed as n (%) in the charts. Variables
were examined at 95% conﬁdence level and the p-value was
considered to be less than 0.05. A descriptive analysis of the
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demographic and clinical characteristics of the infants was
conducted. Student’s t-test for parametric data or MannWhitney U test for non-parametric data were used for comparison of variables between the groups. One-way ANOVA
was used for multiple comparisons. Chi-square test was used
to compare ratios between the two groups.

Results
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(hsPDA) were statistically different between groups (p <
0.05). The incidence of severe IVH was statistically lower in
incomplete and complete steroid therapy groups (p = 0.01).
No differences were observed in stage ≥ 2 NEC and stage ≥ 2
ROP between the groups. No pneumothorax was observed in
any of the patients during the study period. The comparison of
primary outcomes was given in table II.

During the study period, 276 preterm infants whose gestational age of ≤32 weeks and/or birth weight ≤1500 g were admitted to NICU of which 147 infants were considered eligible
for the study. One hundred and forty-seven infants have studied: 54 infants were incomplete dose AS group, 55 infants
with complete dose and 38 infants with no steroid exposure.
The study population consisted of infants who were 29.3±2.3
(mean ± SD) weeks’ gestation (range 23-32 weeks) and
1283.2±206 (mean±SD) grams (range 630-1.500 g).

According to the secondary results, the duration of non-invasive ventilation was similar between the groups and the duration of the total duration of oxygen support was lower in the
group with the incomplete treatment of antenatal steroids (p=
0.20, p=0.018, respectively). Mortality and bronchopulmonary dysplasia (BPD) rates were lower in the incomplete
AS group, leading to statistical difference (p=0.01, p=0.03).
The comparison of secondary outcomes was given in table III.
Duration of mechanical ventilation and the total duration of
oxygen support were shown in ﬁgure 1.

No signiﬁcant differences were observed between the
three groups in terms of demographic characteristics and respiratory status at NICU admission. The demographic characteristics of the groups are given in table I.

As shown in table III, there was no signiﬁcant difference
between either MDI or PDI scores between groups.

According to primary outcomes; surfactant and inotropic
requirements, and hemodynamically signiﬁcant PDA

In the subgroup analysis of incomplete dose AS and complete course AS therapy, there was no difference in primary
and secondary outcomes. It was shown in table IV.

Table I: Baseline characteristics of the infants
Parameters

Incomplete dose AS
(n = 54)

No steroid therapy
(n = 38)

Full course AS
(n = 55)

p
value

Gestational week (week)*
Male gender (%)
C&S (%)
Birth weight (g)*
Preeclampsia (%)
Gestational DM (%)

29.5 ± 2.2
30 (55)
39 (72)
1297.2 ± 290
15 (27)
2 (3)

28.9 ± 2.3
17 (44)
28 (73)
1263.4 ± 284
10 (26)
2 (5)

29.2 ± 2.7
31 (56)
40 (72)
1190.5 ± 395
21 (38)
3 (5)

0.54
0.16
0.56
0.23
0.20
0.92

*as presented mean ± SD

Table II: Major neonatal morbidities and need for therapies
Parameters

Incomplete dose AS
(n = 54)

No steroid therapy
(n = 38)

Full course AS
(n = 55)

p
value

Intubation in 72 h (%)
Administration of surfactant (%)
hsPDA (%)
Inotropic treatment (%)
Stage ≥3 IVH (%)
Stage ≥2 NEC (%)
Invasive mechanical ventilation (day)*
Total duration of oxygen support (day)*
Duration of hospital stay (day)**

17 (31)
23 (42)
12 (22)
6 (11)
3 (5)
1 (1.8)
3 (0-41)
7 (1-116)
39.6 ± 18.7

22 (57)
26 (68)
16 (42)
13 (34)
4 (10)
2 (5)
0 (0-46)
14 (2-105)
50.3 ± 23.7

20 (36)
22 (40)
9 (16)
8 (14)
0 (0)
3 (5)
0 (0-25)
12 (0-86)
30.0 ± 21.2

0.06
0.01
0.007
0.02
0.01
0.44
0.16
0.14
0.22

hsPDA: Hemodynamically significant patent ductus arteriosus, IVH: Intraventricular hemorrhage, NEC: Necrotizing enterocolitis, *As presented median (min / max), **as presented mean ± SD
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Figure 1: Duration of O2 dependency and invasive ventilation

Discussion
In this trial, we compared the effect of incomplete AS therapy with no and complete steroid exposure on short and long
term outcomes in preterm infants. We found that AS exposure
either incomplete or complete AS therapy reduced the surfactant administration, incidence of severe IVH and inotropic
treatment. Also, incomplete AS therapy and complete AS therapy were compared in subgroup analysis and we found no difference in short and long term outcomes.
Antenatal steroid administration is the most effective
method for reducing neonatal mortality and morbidity (5,6).
AS administration can be applied in two ways. First, 12 mg

betamethasone (two doses in total) is administered at 24-hour
intervals or 6 mg dexamethasone (4 doses in total) is administered at 12-hour intervals during the treatment (6,7). The most
effective period of the treatment is considered as the time between 24th hour and 7th day after the onset of the steroid treatment. Cochrane meta-analysis (7) published in 2017 and included 30 studies and 8158 infants, it was shown that the antenatal steroid treatment prominently reduced the neonatal
mortality and morbidity. This important effect of AS is rather
important particularly in infants under 30 weeks (7).
There is limited data that the incomplete treatment of antenatal betamethasone and dexamethasone administrations reduces morbidity. The effects of AS on infants were investigated by Lau et al. and it was shown that the effect of AS was
signiﬁcantly reduced after the 7th day (15). However, babies
born without no administration of AS treatment were not included in the analysis. In an animal model with low-dose betamethasone on preterm lambs, the effects of single-dose intramuscular betamethasone therapy were shown to be similar
to those of double-dose in terms of signiﬁcant improvement in
dynamic and static lung compliance, gas exchange and ventilation effectiveness (16). It was shown that a single-dose of
betamethasone-acetate has an effect on the fetal lung growth
with that of the double-dose and the lung function improves 8-

Table III: Neonatal secondary outcomes in the study
Parameters

Incomplete dose treatment
(n = 54)

No steroid therapy
(n = 38)

Full course AS
(n = 55)

p
value

Mortality at discharge (%)
BPD at discharge (%)
Stage ≥ 2 ROP (%)

0 (0)
7 (12)
7 (12)

4 (10)
12 (31)
8 (21)

0(0)
8 (14.5)
15 (27)

0.004
0.05
0.36

Parameters

Incomplete dose treatment
(n = 30)

No steroid therapy
(n = 30)

Full course AS
(n = 53)

p
value

MDI Score*
PDI Score*

98.1 ± 24.1
92.5 ± 23.5

96.7 ± 14.0
93.2 ± 17.0

97.7 ± 11.4
93.7 ± 18.5

0.97
0.99

*BPD: Bronchopulmonary dysplasia; ROP: Retinopathy of prematurity; MDI: Mental Developmental Index; PDI: Psychomotor Developmental Index

Table IV: Subgroup analysis of incomplete dose AS and complete course AS therapy
Parameters

Incomplete dose AS
(n = 54)

Full course AS
(n = 55)

p
value

Administration of surfactant (%)
BPD at discharge (%)
Stage ≥ 2 ROP (%)
Stage ≥ 2 NEC (%)
Intubation in 72 h (%)
Inotropic treatment (%)
hsPDA (%)
Mortality (%)
Stage ≥ 3 IVH (%)

23 (42)
7 (12)
7 (12)
1 (1.8)
17 (31)
6 (11)
12 (22)
0 (0)
3 (5)

22 (40)
8 (14.5)
15 (27)
3 (5)
20 (36)
8 (14)
9 (16)
0 (0)
0 (0)

0.46
1.0
0.09
0.20
0.46
0.77
0.47
NS
0.11

BPD: Bronchopulmonary dysplasia; ROP: Retinopathy of prematurity; NEC: Necrotizing enterocolitis; hsPDA: Hemodynamically significant patent
ductus arteriosus; IVH: Intraventricular hemorrhage
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15 hours after the steroid administration (16). Therefore, the
efﬁcacy of steroid therapy administered just before birth suggests that the effect will increase even if just a drop with a single-dose administration as it extends over time. Salhab et al.
(17) indicated that each AS dose is effective in reducing the
neonatal morbidity. In the present study, preterm infants with
similar SNAPPE II. and conditions were compared with infants who with no and complete course of AS. In infants who
were administered an incomplete treatment, PDA rates, inotropic treatment, and administration of surfactant were lower.
Additionally, BPD and mortality rates at discharge were lower
in infants who were administered at least one dose of steroid.
This speculates that even short-term exposure to intrauterine
betamethasone may improve pulmonary functions.

study had a very low number of cases. The present study includes only infants who were born under the 32nd gestational
week with very low birth weight and showed that the BPD and
the rate of mortality were lower with steroid exposure.

In the present study, the surfactant requirement was found
to be lower in infants receiving an incomplete treatment of AS
and the rate of mortality decreased depending on the improvement of pulmonary results. This difference may be related to
the increasing nCPAP usage; the steroid treatment will be
more beneﬁcial in term of pulmonary outcomes.
Immature myocardium in preterm infants has reduced contractile element, altered calcium release and decreased betaadrenoreceptor and reduced sympathetic innervation (18). The
AS administration is particularly effective in the development
of oxygen sensitivity in the ductus arteriosus tissue (19).
However, preterm infants who are not exposed to AS are also
considered to be at risk in terms of PDA because of inadequate
data (20). In the present study, the inotropic treatment and the
frequency of PDA requiring treatment were signiﬁcantly low
in incomplete AS therapy group. It is thought that this could
be arising from the improvement of oxygen sensitivity in the
ductus arteriosus tissue with the incomplete AS therapy.
Observational studies indicate that the signiﬁcant inﬂuence
on the pulmonary outcomes is closely related to the gestational
week (21). In the NICHD Neonatal Research Network outcomes, a total of 10,541 infants who were born between the
22nd-25th gestational weeks were evaluated, and it was seen
that the rate of neonatal mortality was lower with the use of
AS, however, among the surviving infants, infants who received a complete cure of AS had higher BPD rates than those
who did not (22). In another multicenter study, a total of 2549
babies <29 weeks of age were included in the study and, the
BPD rate was found to be higher in infants who received a
complete AS therapy than those who did not receive it (23). On
the other hand, in another study where 11.607 infants were examined, no signiﬁcant correlation was found between the use
of AS and the BPD ratios (24). These differences between the
studies can be attributed to the fact that the studies have different BPD deﬁnitions and more infants survived with the administration of AS in infants at earlier gestational weeks. Wong et
al., (23) showed that there was no change in the mortality ratios with the incomplete treatment AS treatment, however, the

The most important aspect of this study is the fact that it
reveals the difference between the preterm infants who received an incomplete treatment AS and those who did not.
According to our results, incomplete AS therapy was superior
to no steroid exposure. This study clearly shows that even an
incomplete-dose could reduce the rate of morbidity and mortality. We found that infants admitted to NICU with similar
conditions and SNAPP-E scores by the same staff in a singlecenter had lower rates of neonatal morbidity and mortality
with the administration of incomplete treatment of AS.
There are several limitations of our study. First, it was a
single-center study and a small study group. Second, we do
not have long term outcomes.
In conclusion, the complete course of AS therapy should
be administered in suspicion of preterm birth. The complete
course of AS is the gold standard but if it is not possible, incomplete AS treatment may be life-saving especially in developing countries, due to antenatal follow-up is not regular.
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