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Abstract
Introduction: Our objective was to evaluate the temporal
trend of systemic postnatal steroid (PNS) receipt in infants of
24–28 weeks’ gestational age, identify characteristics asso-
ciated with PNS receipt, and correlate PNS receipt with the
incidence of bronchopulmonary dysplasia (BPD) and BPD/
death from an international cohort included in the iNeo
network.Methods:We conducted a retrospective study using

data from 2010 to 2018 from seven international networks
participating in iNeo (Canada, Finland, Israel, Japan, Spain,
Sweden, and Switzerland). Neonates of 24 and 28 weeks’
gestational age who survived 7 days and who received PNS
were included. We assessed temporal trend of rates of sys-
temic PNS receipt and BPD/death. Results: A total of 47,401
neonates were included. The mean (SD) gestational age was
26.4 (1.3) weeks and birth weight was 915 (238) g. The PNS
receipt ratewas 21% (12–28% across networks) and increased
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over the years (18% in 2010 to 26% in 2018; p < 0.01). The BPD
rate was 39% (28–44% across networks) and remained un-
changed over the years (35.2% in 2010 to 35.0% in 2018).
Lower gestation, male sex, small for gestational age status,
and presence of persistent ductus arteriosus (PDA) were
associated with higher rates of PNS receipt, BPD, and BPD/
death. Conclusion: The use of PNS in extremely preterm
neonates increased, but there was no correlation between
increased use and the BPD rate. Research is needed to de-
termine the optimal timing, dose, and indication for PNS use
in preterm neonates. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

The past few decades have seen significant improve-
ment in the survival of extremely low gestational age
(GA) infants, but morbidities such as bronchopulmonary
dysplasia (BPD) have not decreased. Incidence of BPD
has either remained static or increased in most countries
[1]. Infants born before 29 weeks’ GA are at a higher risk
of developing BPD compared to those born after 29 weeks
[2, 3]. Antenatal steroids and postnatal surfactant re-
placement therapy have improved survival by acceler-
ating fetal lung maturation and preventing or treating
respiratory distress syndrome, but their overall impact in
reducing BPD has been less impressive [4, 5].

The pathogenesis of BPD is believed to be due to an
imbalance between pulmonary inflammation and repair
[6, 7]. To counter inflammatory effects, systemic and
topical postnatal corticosteroids (PNS) are utilized. The
incidence of BPD varied from 10.2% to 24.8% in 10
European regions, and PNS use varied from 3% to 50%
among neonates from 19 regions in 11 European
countries [8, 9]. The guidelines for the use of systemic
postnatal steroids for BPD differs among academic bodies
and networks [10–12]. Most of these bodies and studies
warn against the early use of systemic corticosteroids in
the first week after birth [13–15]. Currently, suggestions
are to use low-dose steroid after the first week of birth
who remain ventilated and have increasing oxygen re-
quirements and worsening lung disease [16, 17]. How-
ever, the use of systemic hydrocortisone on postnatal days
14–28 was not associated with higher survival without
moderate or severe BPD [18]. The NEUROSIS trial re-
ported that early use of inhaled corticosteroids signifi-
cantly decreased BPD, but increasedmortality at 36 weeks
postmenstrual age [19, 20]. With these conflicting re-
ports, the practice of PNS use differs among neonatal

intensive care units (NICU) across the world, as well as
within a single NICU.

The International Network for Evaluation of Outcomes
(iNeo) of neonates is a collaborative effort involving
neonatal networks from 11 high-income countries/re-
gions to identify care practices that improve neonatal
outcomes [21]. We reported that while mortality de-
creased between years 2007 and 2015 in most countries,
BPD increased for neonates born very preterm [22]. The
use of systemic PNS use has swung from extremely
restricted use in 2010 to a slowly increasing trend in the
current era, accompanying more active perinatal care of
infants born at 22–24 weeks of GA [23]. However, this
changing trend in increasing use of PNS has not been
clearly documented and various practices across dif-
ferent countries provide a good platform to evaluate
contemporary practices [24]. Our aim was to evaluate
and compare the temporal trend of systemic PNS use
among infants 24–28 weeks’ GA, identify characteristics
of patients for whom PNS are used, and correlate PNS
use with the incidences of BPD or composite of BPD/
death.

Material and Methods

Design and Setting
In this retrospective cohort study, we included neonates ad-

mitted to the participating NICU in 7 national neonatal networks
included in iNeo. Neonates born between January 1, 2010, and
December 31, 2018 with GA between 240 and 286/7 weeks were
included. Neonates born ≥29 weeks’ GA with major congenital
malformations and those who received palliative care in the de-
livery room were excluded. Neonates who died in the first 7 days
were excluded, as it was less likely that they would be exposed to
PNS for the purpose of preventing or treating evolving BPD.

The iNeo dataset contains anonymized individual data for
neonates admitted to 10 independent network or registries. Data
from 7 of these registries were used for this study, including 33
units from the Canadian Neonatal Network unit (CNN), 28 units
from the Finnish Medical Birth register units (FinMBR), 27 units
from the Israel Neonatal network units (INN), 159 units from the
Neonatal Research Network Japan units (NRNJ), 50 units from the
Spanish Neonatal Network units (SEN1500), 37 units from the
Swedish Neonatal Quality Register units (SNQ), and 10 units from
the Swiss Neonatal Network units (SwissNeoNet). The charac-
teristics of included units have been reported previously [25]. The
study was approved by the Research Ethics Board at Mount Sinai
Hospital and by iNeo Directors. Informed consent was waived due
to retrospective nature of the study.

Data Source and Definitions
Data harmonization and data collection at each participating

unit were described previously [21]. GA was determined based on
information available in each country, typically using either early
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ultrasound or last menstrual period. Birth weight z-scores were
calculated using a country-specific birth weight standard [26].
BPD was defined as a receipt of supplemental oxygen or positive
pressure ventilation (including mechanical ventilation, contin-
uous positive airway pressure, and high-flow nasal cannula) at
36 weeks postmenstrual age or at the time of discharge or transfer
from the NICU if it occurred earlier [7]. Mortality was defined as
death during the NICU stay. A composite parameter of death or
BPD was also investigated due to competing nature of these
outcomes.

Statistical Analysis
Annual data for PNS use and the incidence of BPD across all

networks were obtained from iNeo dataset. Baseline characteristics
were reported as frequency (percentage) or mean (standard de-
viation) for continuous and categorical variables, respectively. The
rates of PNS use, BPD, and BPD/death were calculated for each
network stratified by characteristics of patients (GA, sex, small for
GA, receipt of antenatal steroid, and presence/absence of patent
ductus arteriosus). Rates with 95% confidence interval (CI) were
reported. Rates of BPD and BPD/death were calculated for each
network according to receipt of PNS, and the risk ratio with 95%
CI was estimated. Furthermore, duration of respiratory support
was presented for each network according to receipt of PNS, and
median (IQR) was reported. The trend of PNS use and incidence of
BPD were plotted graphically by birth year and assessed by the
Cochrane-Armitage trend test. All analyses were conducted using
SAS 9.4 (SAS Institute Inc., Cary, NC, USA) with a two-sided
significance level of 0.05.

Results

A total of 47, 401 infants were eligible for this study.
The baseline characteristics of neonates were similar
across networks (Table 1). The mean (SD) GA and birth
weight were 26.4 (1.3) weeks and 915 (238) g, respectively.
Antenatal steroids were received by 81%, birth via ce-
sarean section occurred in 70%, surfactant was received
by 74% of neonates, and PDAwas diagnosed or treated in
53% of neonates (Table 1).

Overall, the PNS receipt rate was 21.2% (varying be-
tween 12% and 28% across different networks), which
increased over years (18% in 2010–26% in 2018; p < 0.01).
The rate of receipt of PNS varied from 30% to 76% at
24 weeks and from 3% to 11% at 28 weeks’ gestation
between networks (Table 2). The rate of BPD among
networks was 35.3% (varying between 24% and 41%
across different networks), which remained unchanged
over years (35.2% in 2010 and 35.0% in 2018). The rate of
BPD/death was 38.7% (varying between 28 and 41%
across different networks) (Table 2). The rates of PNS
receipt, BPD, and BPD/deaths are reported by infant
characteristics in Table 3. There was a significantly higher
rate of BPD and BPD/death among those who received
steroid compared to those who did not receive steroids

Table 1. Characteristics of infants included in the study from various networks

Characteristic CNN FinMBR INN NRNJ SNQ SNN SEN1500 Total

Number of infants 12,585 1,222 4,399 15,925 3,303 2,044 7,916 47,394
Antenatal steroids, n (%) 11,115

(90.2)
1,165
(96.1)

3,625
(82.4)

10,047
(64.4)

2,832
(88.8)

1,902
(93.5)

6,557
(90.1)

37,243
(80.9)

GA, weeks mean (SD) 26.4 (1.3) 26.5 (1.4) 26.6 (1.3) 26.3 (1.4) 26.4 (1.4) 26.5 (1.3) 26.6 (1.3) 26.4 (1.3)
Birth weight, g
mean (SD)

950 (242) 947 (247) 936 (215) 865 (228) 935 (249) 901 (224) 937 (242) 915 (238)

Birth weight, Z score (SD) 0.04 (0.92) −0.02
(0.92)

0.02 (0.88) −0.17 (1.00) −0.04
(0.93)

−0.14
(0.84)

0.04 (1.05) −0.05 (0.97)

SGA, n (%) 981 (7.8) 120 (9.8) 353 (8.0) 2,208 (13.9) 336 (10.2) 210 (10.3) 745 (9.4) 4,953 (10.4)
Male n (%) 6,826 (54.3) 637 (52.1) 2,396

(54.5)
8,478 (53.3) 1,785

(54.0)
1,089
(53.3)

4,190
(52.9)

25,401
(53.6)

PDA, n (%) 6,975 (55.7) 467 (38.2) 2,353
(51.5)

8,263 (52.4) 1,583
(47.9)

945 (46.1) 4,213
(54.3)

24,799
(52.7)

Other characteristics
Cesarean birth, n (%) 7,546 (60.1) 792 (65.8) 3,140

(71.4)
12,678
(80.1)

2,247
(68.6)

1,640
(80.3)

5,119
(64.7)

33,162
(70.2)

Apgar <7 at 5 min 4,814 (38.7) 588 (49.1) 651 (15.2) 6,137 (38.9) 1,113
(34.5)

889 (43.6) 1,434
(18.2)

15,626
(33.4)

Surfactant, n (%) 8,765 (69.6) 1,039
(89.0)

3,374
(76.7)

12,644
(80.6)

2,208
(66.9)

1,516
(74.0)

5,378
(68.4)

34,924
(73.7)

GA, gestational age; SD, standard deviation; PDA, Patent Ductus Arteriosus; SGA, small for gestational age; CNN, Canadian
Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal Network, NRNJ, Neonatal Research Network Japan;
SNQ, Swedish Neonatal Quality Register; SNN, Swiss Neonatal Network; SEN1500, Sociedad Espanola de Neonatologia.

International Trend in Postnatal SteroidUse
for Preterm Neonates

Neonatology 2023;120:517–526
DOI: 10.1159/000530128

519

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/120/4/517/3988500/000530128.pdf by U
niversity of Turku Libr. of M

ed. Fac. user on 06 O
ctober 2023

https://doi.org/10.1159/000530128


(Table 4). The rates of PNS receipt, BPD, and BPD/death
were higher in males compared to females; in SGA ne-
onates compared to non-SGA neonates; and in neonates
treated for PDA compared to those not treated for PDA.
There was no difference in rates of PNS receipt, BPD, and
BPD/death among those who received antenatal steroid
and those did not receive them (Table 3).

When evaluated as a longitudinal trend over years, the
overall rate of BPD for all networks did not show a
significant change from 2010 to 2018, but the PNS receipt
rate increased over the years (18% in 2010 to 26% in 2018,
p < 0.01). With respect to the trends within individual

networks, Canada and Spain showed a decreasing trend
of BPD and an increasing trend of PNS use. The trend of
steroid use and BPD both increased in Japan, while Israel,
Finland, Sweden, and Switzerland did not show a sig-
nificant change in the trends of either BPD or PNS over
the study period (Fig. 1). Correspondingly, the durations
of receipt of mechanical ventilation (median 32 days vs. 5
days) and supplemental oxygen (median 81 days vs. 34
days) were higher among neonates who received PNS
compared to those who did not receive PNS confirming
that at-risk neonates received PNS at higher rate
(Table 5).

Table 2. Rates of steroid use, BPD, and BPD/death by GA in the iNeo network

GA Outcome CNN FinMBR INN NRNJ SNQ SNN SEN 1500 Total, n (%), 95% CI

24 weeks,
n (%)
Total = 5,399

Steroid
use

650 (46.2) 109
(76.2)

181 (49.3) 1,173
(52.9)

189 (46.1) 60 (30.3) 263 (39.9) 2,625 (48.6) (47.3,
50.0)

BPD 883 (72.7) 74 (58.3) 153 (59.5) 1,369
(65.1)

228 (62.8) 89 (53.6) 244 (54.8) 3,040 (65.0) (63.7,
66.4)

BPD/death 1,074
(76.4)

90 (62.9) 264 (71.9) 1,493
(67.3)

278 (67.8) 119
(61.0)

460 (69.7) 3,778 (70.0) (68.8,
71.2)

25 weeks,
n (%)
Total = 7,488

Steroid
use

764 (36.1) 84 (49.7) 227 (37.2) 1,047
(40.0)

157 (29.9) 69 (23.6) 329 (28.5) 2,677 (35.8) (34.7,
36.8)

BPD 1,119
(58.0)

63 (39.9) 203 (40.3) 1,393
(55.1)

266 (53.9) 108
(40.2)

386 (40.4) 3,538 (51.7) (50.5,
52.9)

BPD/death 1,309
(61.8)

74 (43.8) 312 (51.2) 1,488
(56.8)

297 (56.6) 132
(44.6)

584 (50.7) 4,193 (56.0) (54.9,
57.1)

26 weeks,
n (%)
Total = 9,471

Steroid
use

572 (22.6) 60 (27.5) 244 (27.6) 924 (28.9) 113 (16.8) 52 (11.7) 294 (19.3) 2,259 (23.8) (23.0,
24.7)

BPD 1,154
(47.9)

61 (28.6) 253 (31.2) 1,372
(43.9)

254 (39.4) 108
(26.0)

450 (32.8) 3,652 (40.6) (39.6,
41.7)

BPD/death 1,288
(50.8)

66 (30.3) 328 (37.1) 1,454
(45.5)

284 (42.2) 132
(29.9)

600 (39.5) 4,152 (43.8) (42.8,
44.8)

27 weeks,
n (%)
Total =
11,405

Steroid
use

360 (12.1) 57 (18.0) 201 (17.5) 577 (15.7) 72 (9.8) 36 (7.1) 260 (12.7) 1,563 (13.7) (13.1,
14.3)

BPD 950 (32.8) 75 (24.1) 230 (20.9) 1,118
(30.7)

212 (29.7) 85 (17.3) 418 (21.7) 3,088 (27.9) (27.0,
28.7)

BPD/death 1,029
(34.6)

81 (25.6) 283 (24.6) 1,163
(31.6)

232 (31.6) 98 (19.4) 539 (26.4) 3,425 (30.0) (29.2,
30.9)

28 weeks,
n (%)
Total =
13,631

Steroid
use

205 (5.8) 28 (7.5) 148 (10.7) 323 (7.7) 28 (2.9) 29 (4.7) 149 (5.9) 910 (6.7) (6.3, 7.1)

BPD 808 (23.1) 56 (15.1) 175 (12.9) 877 (21.0) 182 (19.3) 84 (13.7) 373 (15.1) 2,555 (19.0) (18.4,
19.7)

BPD/death 858 (24.2) 61 (16.3) 210 (15.1) 911 (21.7) 202 (21) 94 (15.1) 450 (17.7) 2,786 (20.4) (19.8,
21.1)

All gestation,
n (%)
Total =
47,394

Steroid
use

2,551
(20.3)

338
(27.7)

1,001
(22.8)

4,044
(25.4)

559 (16.9) 246
(12.0)

1,295
(16.4)

10,034
(21.2)

(20.8,
21.5)

BPD 4,914
(41.1)

329
(27.9)

1,014
(25.2)

6,129
(39.3)

1,142
(36.2)

474
(24.3)

1,871
(26.1)

15,873
(35.3)

(34.8,
35.7)

BPD/death 5,558
(44.2)

372
(30.4)

1,397
(31.8)

6,509
(40.9)

1,293
(39.2)

572
(28.1)

2,633
(33.3)

18,334
(38.7)

(38.3,
39.1)

GA, gestational age; BPD, bronchopulmonary dysplasia; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth
Register; INN, Israel Neonatal Network; NRNJ, Neonatal Research Network Japan; SNQ, Swedish Neonatal Quality Register; SNN,
Swiss Neonatal Network; SEN1500, Sociedad Espanola de Neonatologia.
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Table 3. Rates of steroid use, BPD, and BPD/death according to patient characteristics

Characteristic Outcome CNN FinMBR INN NRNJ SNQ SNN SEN
1500

Total, n (%) 95% CI

Male, n (%)
Total = 25,401

Steroid
use

1,459
(21.4)

199
(31.2)

597
(24.9)

2,262
(26.7)

362
(20.3)

143
(13.1)

713 (17) 5,735
(22.6)

(22.1,
23.1)

BPD 2,790
(43.2)

184
(29.9)

586
(26.8)

3,407
(41.1)

675 (40) 288
(27.7)

1,069
(28.5)

8,999
(37.5)

(36.8,
38.1)

BPD/
death

3,165
(46.4)

207
(32.5)

799
(33.3)

3,616
(42.7)

778
(43.6)

343
(31.5)

1,512
(36.1)

10,420
(41)

(40.4,
41.6)

Female, n (%)
Total = 21,970

Steroid
use

1,088
(18.9)

139
(23.8)

404
(20.2)

1,781
(23.9)

197 (13) 102
(10.7)

582
(15.6)

4,293
(19.5)

(19.0,
20.1)

BPD 2,120
(38.7)

145
(25.7)

428
(23.3)

2,721
(37.3)

467
(31.8)

185
(20.3)

801
(23.5)

6,867
(32.8)

(32.1,
33.4)

BPD/
death

2,388
(41.6)

165
(28.2)

598
(29.9)

2,892
(38.9)

515
(33.9)

227
(23.8)

1,120
(30.1)

7,905 (36) (35.4,
36.6)

SGA, n (%)
Total = 4,953

Steroid
use

304 (31) 49 (40.8) 152
(43.1)

772 (35) 88 (26.2) 45
(21.4)

198
(26.6)

1,608
(32.5)

(31.2,
33.8)

BPD 571
(64.2)

61 (53) 178 (61) 1,243
(59.2)

170
(56.1)

88
(46.6)

278
(46.9)

2,589
(57.8)

(56.3,
59.2)

BPD/
death

663
(67.6)

67 (55.8) 239
(67.7)

1,371
(62.1)

204
(60.7)

110
(52.4)

433
(58.1)

3,087
(62.3)

(61.0,
63.7)

Non-SGA, n (%)
Total = 42,441

Steroid
use

2,247
(19.4)

289
(26.2)

849 (21) 3,272
(23.9)

471
(15.9)

201 (11) 1,097
(15.3)

8,426
(19.9)

(19.5,
20.2)

BPD 4,343
(39.3)

268
(25.1)

836
(22.4)

4,886
(36.2)

972 (34) 386
(21.9)

1,593
(24.2)

13,284
(32.8)

(32.3,
33.2)

BPD/
death

4,895
(42.2)

305
(27.7)

1,158
(28.6)

5,138
(37.5)

1,089
(36.7)

462
(25.2)

2,200
(30.7)

15,247
(35.9)

(35.5,
36.4)

Any antenatal steroid,
n (%)
Total = 37,243

Steroid
use

2,298
(20.7)

323
(27.7)

839
(23.1)

2,738
(27.3)

489
(17.3)

229 (12) 1,049
(16)

7,965
(21.4)

(21.0,
21.8)

BPD 4,379
(41.4)

320
(28.4)

842
(25.2)

4,139
(41.9)

1,000
(37)

453
(24.9)

1,543
(25.9)

12,676
(35.8)

(35.3,
36.3)

BPD/
death

4,919
(44.3)

358
(30.7)

1,135
(31.3)

4,331
(43.1)

1,134
(40)

540
(28.4)

2,157
(32.9)

14,574
(39.1)

(38.6,
39.6)

No antenatal steroid,
n (%)
Total = 8,803

Steroid
use

216
(17.8)

12 (25.5) 162
(20.9)

1,269
(22.8)

63 (17.5) 17
(12.8)

126
(17.5)

1,865
(21.2)

(20.3,
22.0)

BPD 446
(39.6)

7 (16.3) 172
(25.1)

1,902
(35.1)

111
(31.9)

20
(16.4)

176
(27.6)

2,834
(33.8)

(32.8,
34.8)

BPD/
death

535
(44.1)

12 (25.5) 262
(33.9)

2,061
(37.1)

124
(34.5)

31
(23.3)

257
(35.7)

3,282
(37.3)

(36.3,
38.3)

PDA, n (%)
Total = 24,799

Steroid
use

1,888
(27.1)

153
(32.8)

737
(31.3)

2,390
(28.9)

423
(26.7)

157
(16.6)

939
(22.3)

6,687 (27) (26.4,
27.5)

BPD 3,536
(54.1)

168
(37.3)

708
(33.9)

3,442
(42.6)

729
(48.7)

310
(35.1)

1,290
(35)

10,183
(43.9)

(43.2,
44.5)

BPD/
death

3,979
(57)

185
(39.6)

979
(41.6)

3,644
(44.1)

821
(51.9)

373
(39.5)

1,825
(43.3)

11,806
(47.6)

(47.0,
48.2)

No PDA, n (%)
Total = 22,231

Steroid
use

657
(11.8)

185
(24.5)

264
(12.9)

1,639
(21.8)

136 (7.9) 89 (8.1) 327 (9.2) 3,297
(14.8)

(14.4,
15.3)

BPD 1,366
(25.5)

161 (22) 306
(15.8)

2,658
(36)

413
(24.8)

164
(15.4)

541
(16.2)

5,609
(26.1)

(25.5,
26.7)

BPD/
death

1,562
(28.2)

187
(24.8)

418
(20.4)

2,803
(37.3)

472
(27.4)

199
(18.1)

749
(21.1)

6,390
(28.7)

(28.2,
29.3)

BPD, bronchopulmonary dysplasia; SGA, small for gestational age; PDA, patent ductus arteriosus; CNN, Canadian Neonatal
Network; FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal Network; NRNJ, Neonatal Research Network Japan; SNQ,
Swedish Neonatal Quality Register; SNN, Swiss Neonatal Network; SEN1500, Sociedad Espanola de Neonatologia.
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Discussion

In this large international cohort from 7 countries, we
identified variations in outcomes of BPD or BPD/death
among preterm neonates of <29 weeks’ GA between
countries. Approximately 1 in 5 neonates of 240–286

received PNS, and 1 in 3 neonates was diagnosed with
BPD. The overall BPD rate for the majority of networks
did not show a change between years 2010 and 2018;
however, the receipt of PNS increased during the study
period. Neonates of lower GA; male neonates compared
to female neonates; SGA compared to non-SGA, those
diagnosed with PDA compared to those not diagnosed as
having PDA received PNS at a higher rate and had higher
rates of BPD and BPD/death.

The strengths of our study include the large, multi-
national cohort of high-risk neonates for whom data were
collected using a standardized reporting system within
each country. However, our study has limitations. First,
we excluded neonates of <24 weeks’ GA who may be at
very high risk of both exposure to PNS and BPD. Ne-
onates of 22–23 weeks’ GA may drive the change in
practice over time as resuscitation at 22–23 weeks’GAhas

become more common. However, in order to keep the
cohort homogeneous and not affected by variations in
resuscitation practices and active care of neonates at
lower GA, we excluded those neonates. It is possible that
practices of 22 and 23 weeks’ GA neonates may have
influenced practice of 24–29 weeks’ GA neonates with
regard to PNS; however, we do not have data to prove this
speculation. Second, we did not include inhaled steroids
as the data were not available for most of the networks.
Third, we do not have data on indication or threshold
each unit or practitioner used or reasons for initiation of
PNS. Such thresholds are likely to be highly variable
between units and even within units between practi-
tioners. Fourth, we do not have data on the type of
steroid, dose of steroid, duration of steroid, and severity of
lung disease that prompted initiation of steroid. Again,
variations are expected in all these aspects, and this report
may just scratch the surface of PNS practice around the
world. Based on durations of respiratory support among
groups that received steroid versus those that did not
receive steroids, it can be suspected that severity of lung
disease was higher among exposed groups. Finally, we
also do not have data on severity of BPD. It is also

Table 4. Rate of BPD and BPD/death according to receipt of postnatal steroid

Characteristic CNN FinMBR INN NRNJ SEN 1500 SNN SNQ Total

BPD
Received steroid, n/N (%) 1,680/

2,451
(68.5)

189/
311 (60.8)

622/
946 (65.8)

2,885/
3,999
(72.1)

777/
1,196
(65.0)

158/
228 (69.3)

368/
517 (71.2)

6,679/
9,648
(69.2)

Not received steroid, n/N (%) 3,228/
9,484
(34.0)

140/
870 (16.1)

392/
3,077
(12.7)

3,244/
11,584
(28.0)

1,094/
5,969
(18.3)

323/
1,741
(18.6)

774/
2,642
(29.3)

9,195/
35,367
(26.0)

Ratio (95% CI) of BPD among
those who received steroid
versus not received steroid

2.0
(1.9–2.1)

3.8
(3.2–4.5)

5.2
(4.7–5.7)

2.5
(2.5–2.7)

3.5
(3.3–3.8)

3.7
(3.3–4.3)

2.4
(2.2–2.6)

2.7
(2.6–2.7)

BPD/death
Received steroid, n/N (%) 1,780/

2,458
(69.9)

217/
338 (64.2)

680/
1,001
(67.9)

2,932/
4,044
(72.5)

880/
1,295
(68.0)

177/
247 (71.7)

411/
559 (73.5)

7,077/
10,032
(70.5)

Not received steroid, n/N (%) 3,771/
10,024
(37.6)

155/
884 (17.5)

717/
3,398
(21.1)

3,577/
11,881
(30.1)

1,753/
6,622
(26.5)

402/
1,816
(22.1)

882/
2,744
(32.1)

11,257/
37,369
(30.1)

Ratio (95% CI) of BPD/death
among those who received
steroid versus not received
steroid

1.9
(1.9–2.0)

3.7
(3.1–4.7)

3.2
(3.0–3.5)

2.4
(2.3–2.5)

2.6
(2.4–2.7)

3.2
(2.9–3.6)

2.5
(2.3–2.6)

2.3
(2.3–2.4)

BPD, bronchopulmonary dysplasia; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel
Neonatal Network; NRNJ, Neonatal Research Network Japan, SNQ, Swedish Neonatal Quality Register; SNN, Swiss Neonatal
Network; SEN1500, Sociedad Espanola de Neonatologia.
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Fig. 1. Trend of postnatal steroid use in various networks over study years. CNN, Canadian Neonatal Network;
FinMBR, Finnish Medical Birth Register; INN, Israel Neonatal Network; NRNJ, Neonatal Research Network
Japan; SNQ, Swedish Neonatal Quality Register; SNN, Swiss Neonatal Network; SEN1500, Sociedad Espanola de
Neonatologia.
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speculated that PNS may have reduced severity of BPD
and not actual BPD rate; however, this needs to be
evaluated further in other setting.

The use of PNS in neonates with evolving BPD is
considered based on their anti-inflammatory properties.
Different regimens have been tested, including early
prophylactic use (before 1 week of age) [27], use during
postnatal weeks 2–4, and later use after the first month of
postnatal age. A network meta-analysis concluded that a
moderately early initiated (8–14 days after birth) PNS
regimen of a cumulative dose of 2–4 mg/kg of systemic
dexamethasone may be the most beneficial PNS regimen
for preventing BPD or mortality at 36 weeks post-
menstrual age [15]. The European guidelines recom-
mended using a small dose of dexamethasone for infants
at the highest risk of BPD, such as those who remain
ventilator dependent after 1–2 weeks [11]. The American
Academy of Pediatrics and the Canadian Pediatric So-
ciety position recommend an initial low dose of
0.15–0.2 mg/kg/day, tapered over a period of 7–10 days,
and do not recommend the use of hydrocortisone beyond
the first week of age for the same group of patients [10].
Thus, most recommendations during our study period
warned and advised caution in the use of PNS. The
decline in the PNS use after these statements/guidelines
could have resulted in an increase in rate of BPD;
however, this has not been the case when we see com-
bined data form all networks. However, for the majority
of networks, BPD rates either reduced or remained un-
changed. Since our data excluded neonates below 24
weeks’ gestation, we cannot explain the increase in PNS
use as a result of the survival of extremely low GA ne-
onates, as the rate of steroid use is reported to be higher
in these neonates [28]. The majority of neonates received

steroids between weeks 2 and 6 of postnatal age. It is
known that the setup for inflammatory cascade may
have been initiated in first few hours after birth and thus,
for PNS to be effective they may need to be utilized very
early in the disease stage. This will need to be evaluated
in future studies. Moreover, recent information on
administration of budesonide along with surfactant
showing beneficial effects was not known during the
study years and, thus, it was not utilized by any units.

Similar to our results, Cheong et al. [29] reported in a
regional study of extremely low birth weight and ex-
tremely preterm neonates from Victoria, Australia that
the use of PNS reduced in 2005 compared to 1991–92 and
1997; however, the rates of BPD increased during the
same period. There was no correlation between increased
steroid use and BPD as an outcome over the study period.
However, this has not been always been the case as re-
ported in Europe [9]. Israel had the lowest rate of steroid
receipt among those who did not develop BPD, whereas
Canada had the highest. Finland had the lowest rate of
steroid receipt among those who developed BPD, while
Japan had the highest. Steroids are frequently used to
wean babies off respirators to avoid damaging the lungs.
However, although this intervention seems to be suc-
cessful for this purpose, the ongoing damage that leads to
BPD, initiated as soon as the smallest babies start
breathing, is not modified. Thus, a higher rate among
those who finally did not end up getting diagnosed with
BPD may be acceptable; however, one would not be able
to prove that, had those neonates not received steroid,
they could have ended up with a diagnosis of BPD or not.
On the other hand, countries with higher rates of steroid
receipt among those diagnosed with BPD can be ques-
tioned as well. The likely effects of BPD and PNS

Table 5. Duration of respiratory support among those who received steroids versus those who did not receive steroid

Respiratory support Group CNN FinMBR INN NRNJ SEN1500 SNN SNQ Total

Duration of mechanical ventilation,
median (IQR)

Received
steroid

31
(15, 46)

19
(11, 34)

25
(10, 44)

41
(27, 57)

25 (13, 39) 18
(10, 27)

21
(13, 32)

32
(18, 49)

Not received
steroid

3 (0, 14) 4 (1, 10) 3 (0, 10) 16 (4, 36) 4 (0, 13) 2 (0, 6) 2 (0, 8) 5 (1, 20)

Duration of oxygen
supplementation, median (IQR)

Received
steroid

78
(43, 111)

NA 72
(50, 101)

88
(61, 125)

74
(43, 102)

71
(52, 85)

84
(56, 108)

81
(53, 114)

Not received
steroid

22
(4, 51)

NA 24
(8, 45)

50
(25, 72)

25 (6, 50) 31
(7, 53)

40
(15, 63)

34
(9, 60)

NA, not available; IQR, interquartile range; CNN, Canadian Neonatal Network; FinMBR, Finnish Medical Birth Register; INN, Israel
Neonatal Network; NRNJ, Neonatal Research Network Japan; SNQ, Swedish Neonatal Quality Register; SNN, Swiss Neonatal
Network; SEN1500, Sociedad Espanola de Neonatologia.
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exposure on neurodevelopmental outcomes are of a
magnitude of odds ratio between 1.5 and 2.5 for both,
and thus exposing neonates to a double hit may put them
at higher risk of neurodevelopmental adversity. Asso-
ciation between exposure to PNS and autistic spectrum
disorder has also been reported [30]. Our result indicates
a rather random distribution of PNS receipt probabilities
between countries, which supports the idea that the use
of PNS remains a largely “nonevidence informed”
strategy for the prevention or treatment of BPD. Further
research is needed to determine the optimal dosing,
regimen, and indication for PNS use. A similar trend of
PNS use has also been reported within units partici-
pating in Vermont Oxford Network and there is a call to
evaluate efficacy and safety of PNS use in extremely
preterm neonates [31].

Conclusions

We conclude that there were variations in the rate of
PNS receipt, BPD, and BPD/death among networks
studied, and that the use of systemic PNS in extremely
premature infants has increased, but there is no corre-
lation between increased use and BPD as an outcome. It is
clear that PNS use remains a nonevidence-based therapy
with respect to the timing, dose, and duration of use. A
neurodevelopmental follow-up of this cohort is impor-
tant to determine whether this increased PNS use as
beneficial or adverse effects on brain development.

Acknowledgments

We thank the staff at the coordinating center, Mother-Infant
Care Research Center, at Mount Sinai Hospital, Toronto, Canada
for facilitating this study. We thank all the abstractors in neonatal
units in participating networks for their diligence in data
collection.

Statement of Ethics

Data collection and data transfer from individual networks
were approved by the Research Ethics Boards of the participating
networks in the respective countries and by the iNeo steering
committee. Specific ethics approval for this project was obtained
from the Mount Sinai Hospital Research Ethics Board and the
iNeo Steering Committee. This study protocol was reviewed and
approved by Research Ethics Board (approval number 21-0248-C).
Informed consent from individual patients was waived due to
retrospective nature of this database study.

Conflict of Interest Statement

The authors have no conflicts of interest to declare.

Funding Sources

The International Network for Evaluating Outcomes of Neo-
nates (iNeo) has been supported by the Canadian Institutes of
Health Research [APR-126340 and PBN 150642 to P.S.S.]. The
Australian and New Zealand Neonatal Network is predominantly
funded by membership contributions from the participating
centers. The Canadian Neonatal Network is supported by a team
grant from the Canadian Institutes of Health Research [CTP
87518] and by the participating centers. The Finnish Medical Birth
Register is governmentally funded and kept by the National In-
stitute for Health and Welfare (THL). The Israel Neonatal Net-
work very low birth weight infant database is partially funded by
the Israel Center for Disease Control and the Ministry of Health.
The Neonatal Research Network of Japan is partly funded by a
Health Labour Sciences Research Grant from the Ministry of
Health, Labour and Welfare of Japan. The Spanish Neonatal
Network is supported by funds from the Spanish Neonatal Society
(SENeo). The Swedish Neonatal Quality Register is funded by the
Swedish Government (Ministry of Health and Social Affairs), the
Swedish Association of Local Communities and Regions (SALAR),
and the participating units. The Swiss Neonatal Network is par-
tially funded by the participating units in the form of membership
fees. This research was also supported by Instituto de Investigación
Sanitaria Carlos III (Ministry of Science, Innovation and Uni-
versities, Kingdom of Spain) [FIS17/0131 to M.V.]; and RETICS
funded by the PN 2018–2021 (Spain), ISCIII-Sub-Directorate
General for Research Assessment and Promotion, and the Eu-
ropean Regional Development Fund (ERDF) [RD16/0022]; and by
grants from a regional agreement on clinical research (ALF) be-
tween Region Stockholm and Karolinska Institutet [2020-0443 to
M.N.]. The funding body played no role in the design or conduct of
the study; the collection, management, analysis, or interpretation
of the data; the preparation, review, or approval of the manuscript;
or the decision to submit the manuscript for publication.

Author Contributions

Drs. Prakesh Shah and Shalin Parikh were involved in the
conception and design of the study, acquisition of data, analysis
and interpretation of data, drafting the article, and revising it
critically for important intellectual content. All other authors
(Brian Reichman, Satoshi Kusuda, Mark Adams, Liisa Lehtonen,
Maximo Vento, Mikael Norman, Laura San Feliciano, Tetsuya
Isayama, Stellan Hakansson, Kjell Helenius, Dirk Bassler, and
Junmin Yang) were involved in the conception and design of the
study, interpretation of results, and revising article critically for
important intellectual content. All authors approved the final
manuscript as submitted and 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 appropriately investigated and
resolved.

International Trend in Postnatal SteroidUse
for Preterm Neonates

Neonatology 2023;120:517–526
DOI: 10.1159/000530128

525

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/120/4/517/3988500/000530128.pdf by U
niversity of Turku Libr. of M

ed. Fac. user on 06 O
ctober 2023

https://doi.org/10.1159/000530128


Data Availability Statement

Prakesh S. Shah, Mount Sinai Hospital, Toronto, ON, Canada,
has full access to the data. He takes responsibility for the integrity

of the data and the accuracy of the data analysis. The data analyses
were conducted by Junmin Yang. Data are confidential and not
available for public access. Further inquiries can be directed to the
corresponding author.

References

1 Stoll BJ, Hansen NI, Bell EF, Walsh MC,
Carlo WA, Shankaran S, et al. Trends in care
practices, morbidity, and mortality of ex-
tremely preterm neonates, 1993-2012. JAMA.
2015 Sep 8;314(10):1039–51.

2 Jobe AH, Bancalari E. Bronchopulmonary
dysplasia. Am J Respir Crit Care Med. 2001
Jun;163(7):1723–9.

3 Shah PS, Sankaran K, Aziz K, Allen AC,
Seshia M, Ohlsson A, et al. Outcomes of
preterm infants <29 weeks gestation over 10-
year period in Canada: a cause for concern?
J Perinatol. 2012 Feb;32(2):132–8.

4 Seger N, Soll R. Animal derived surfactant
extract for treatment of respiratory distress
syndrome. Cochrane Database Syst Rev. 2009
Apr 15(2):CD007836.

5 Roberts D, Brown J, Medley N, Dalziel SR.
Antenatal corticosteroids for accelerating
fetal lung maturation for women at risk of
preterm birth. Cochrane Database Syst Rev.
2017 Mar 21;3(3):CD004454.

6 Kalikkot Thekkeveedu R, Guaman MC,
Shivanna B. Bronchopulmonary dysplasia: a
review of pathogenesis and pathophysiology.
Respir Med. 2017 Nov;132:170–7.

7 Higgins RD, Jobe AH, Koso-Thomas M, Ban-
calari E, Viscardi RM, Hartert TV, et al. Bron-
chopulmonary dysplasia: executive summary of
a workshop. J Pediatr. 2018 Jun;197:300–8.

8 Gortner L, Misselwitz B, Milligan D, Zeitlin J,
Kollee L, Boerch K, et al. Rates of broncho-
pulmonary dysplasia in very preterm neo-
nates in Europe: results from the MOSAIC
cohort. Neonatology. 2011;99(2):112–7.

9 Nuytten A, Behal H, Duhamel A, Jarreau PH,
Torchin H, Milligan D, et al. Postnatal cor-
ticosteroids policy for very preterm infants
and bronchopulmonary dysplasia. Neona-
tology. 2020;117(3):308–15.

10 Watterberg KL; American Academy of Pe-
diatrics Committee on Fetus and Newborn.
Policy statement-postnatal corticosteroids to
prevent or treat bronchopulmonary dyspla-
sia. Pediatrics. 2010 Oct;126(4):800–8.

11 Sweet DG, Carnielli V, Greisen G, Hallman
M, Ozek E, Te Pas A, et al. European con-
sensus guidelines on the management of
respiratory distress syndrome: 2019 update.
Neonatology. 2019;115(4):432–50.

12 Lemyre B, Dunn M, Thebaud B. Postnatal
corticosteroids to prevent or treat broncho-
pulmonary dysplasia in preterm infants. Pae-
diatr Child Health. 2020 Aug;25(5):322–31.

13 Jefferies AL. Postnatal corticosteroids to treat or
prevent chronic lung disease in preterm infants.
Paediatr Child Health. 2012 Dec;17(10):573–4.

14 Doyle LW, Cheong JL, Ehrenkranz RA,
Halliday HL. Early (<8 days) systemic post-
natal corticosteroids for prevention of
bronchopulmonary dysplasia in preterm in-
fants. Cochrane Database Syst Rev. 2017 Oct
24;10(10):CD001146.

15 Ramaswamy VV, Bandyopadhyay T, Nanda
D, Bandiya P, Ahmed J, Garg A, et al. As-
sessment of postnatal corticosteroids for the
prevention of bronchopulmonary dysplasia
in preterm neonates: a systematic review and
network meta-analysis. JAMA Pediatr. 2021
Jun 1;175(6):e206826.

16 Doyle LW, Halliday HL, Ehrenkranz RA,
Davis PG, Sinclair JC. An update on the
impact of postnatal systemic corticosteroids
on mortality and cerebral palsy in preterm
infants: effect modification by risk of bron-
chopulmonary dysplasia. J Pediatr. 2014 Dec;
165(6):1258–60.

17 Harmon HM, Jensen EA, Tan S, Chaudhary
AS, Slaughter JL, Bell EF, et al. Timing of
postnatal steroids for bronchopulmonary
dysplasia: association with pulmonary and
neurodevelopmental outcomes. J Perinatol.
2020 Apr;40(4):616–27.

18 Watterberg KL, Walsh MC, Li L, Chawla S,
D’Angio CT, Goldberg RN, et al. Hydro-
cortisone to improve survival without bron-
chopulmonary dysplasia. N Engl J Med. 2022
Mar 24;386(12):1121–31.

19 Bassler D, Plavka R, Shinwell ES, Hallman M,
Jarreau PH, Carnielli V, et al. Early inhaled
budesonide for the prevention of broncho-
pulmonary dysplasia. N Engl J Med. 2015 Oct
15;373(16):1497–506.

20 Bassler D, Shinwell ES, Hallman M, Jarreau
PH, Plavka R, Carnielli V, et al. Long-Term
effects of inhaled budesonide for broncho-
pulmonary dysplasia. N Engl J Med. 2018 Jan
11;378(2):148–57.

21 Shah PS, Lee SK, Lui K, Sjors G, Mori R,
Reichman B, et al. The International Network
for Evaluating Outcomes of very low birth
weight, very preterm neonates (iNeo): a
protocol for collaborative comparisons of
international health services for quality im-
provement in neonatal care. BMC Pediatr.
2014 Apr 23;14(1):110.

22 Lui K, Lee SK, Kusuda S, AdamsM, VentoM,
Reichman B, et al. Trends in outcomes for
neonates born very preterm and very low
birth weight in 11 high-income countries.
J Pediatr. 2019 Dec;215:32–40 e14.

23 Costeloe KL, Hennessy EM, Haider S, Stacey
F, Marlow N, Draper ES. Short term out-
comes after extreme preterm birth in En-
gland: comparison of two birth cohorts in
1995 and 2006 (the EPICure studies). BMJ.
2012 Dec 4;345:e7976.

24 Shah PS, Lui K, Sjors G, Mirea L, Reichman B,
Adams M, et al. Neonatal outcomes of very
low birth weight and very preterm neonates:
an international comparison. J Pediatr. 2016
Oct;177:144–52.e6.

25 Shah PS, Isayama T, Helenius KK, San
Feliciano L, Beltempo M, Bassler D, et al.
International network for evaluating out-
comes of neonates: outputs and future di-
rections. Pediatr Med. 2022;5:40.

26 Martin LJ, Sjors G, Reichman B, Darlow BA,
Morisaki N, Modi N, et al. Country-specific
vs. Common birthweight-for-gestational age
references to identify small for gestational age
infants born at 24-28 weeks: an international
study. Paediatr Perinat Epidemiol. 2016 Sep;
30(5):450–61.

27 Baud O, Maury L, Lebail F, Ramful D, El
Moussawi F, Nicaise C, et al. Effect of early
low-dose hydrocortisone on survival without
bronchopulmonary dysplasia in extremely
preterm infants (PREMILOC): a double-blind,
placebo-controlled, multicentre, randomised
trial. Lancet. 2016 Apr 30;387(10030):1827–36.

28 Norman M, Jonsson B, Wallstrom L, Sindelar
R. Respiratory support of infants born at 22-
24 weeks of gestational age. Semin Fetal
Neonatal Med. 2022 Apr;27(2):101328.

29 Cheong JL, Anderson P, Roberts G, Duff J,
Doyle LW; Victorian Infant Collaborative Study
Group. Postnatal corticosteroids and neuro-
developmental outcomes in extremely low
birthweight or extremely preterm infants: 15-
year experience in Victoria, Australia. Arch Dis
Child Fetal Neonatal Ed. 2013 Jan;98(1):F32–6.

30 Davidovitch M, Kuint J, Lerner-Geva L, Zas-
lavsky-Paltiel I, Rotem RS, Chodick G, et al.
Postnatal steroid therapy is associated with
autism spectrum disorder in children and
adolescents of very low birth weight infants.
Pediatr Res. 2020 May;87(6):1045–51.

31 Hay S, Zupancic J In: Edwards E, editor.
Commentary: is it time to revisit trials on
postnatal corticosteroids? Vermont Oxford
Network; 2022. Available from: https://
public.vtoxford.org/nicu-by-the-numbers/
steroids-for-chronic-lung-disease-increase-
decrease-then-increase-again/.

526 Neonatology 2023;120:517–526
DOI: 10.1159/000530128

Parikh et al.

D
ow

nloaded from
 http://karger.com

/neo/article-pdf/120/4/517/3988500/000530128.pdf by U
niversity of Turku Libr. of M

ed. Fac. user on 06 O
ctober 2023

https://www.karger.com/Article/FullText/530128?ref=1#ref1
https://www.karger.com/Article/FullText/530128?ref=2#ref2
https://www.karger.com/Article/FullText/530128?ref=3#ref3
https://www.karger.com/Article/FullText/530128?ref=4#ref4
https://www.karger.com/Article/FullText/530128?ref=5#ref5
https://www.karger.com/Article/FullText/530128?ref=6#ref6
https://www.karger.com/Article/FullText/530128?ref=7#ref7
https://www.karger.com/Article/FullText/530128?ref=8#ref8
https://www.karger.com/Article/FullText/530128?ref=9#ref9
https://www.karger.com/Article/FullText/530128?ref=9#ref9
https://www.karger.com/Article/FullText/530128?ref=10#ref10
https://www.karger.com/Article/FullText/530128?ref=11#ref11
https://www.karger.com/Article/FullText/530128?ref=12#ref12
https://www.karger.com/Article/FullText/530128?ref=12#ref12
https://www.karger.com/Article/FullText/530128?ref=13#ref13
https://www.karger.com/Article/FullText/530128?ref=14#ref14
https://www.karger.com/Article/FullText/530128?ref=15#ref15
https://www.karger.com/Article/FullText/530128?ref=16#ref16
https://www.karger.com/Article/FullText/530128?ref=17#ref17
https://www.karger.com/Article/FullText/530128?ref=18#ref18
https://www.karger.com/Article/FullText/530128?ref=19#ref19
https://www.karger.com/Article/FullText/530128?ref=20#ref20
https://www.karger.com/Article/FullText/530128?ref=21#ref21
https://www.karger.com/Article/FullText/530128?ref=22#ref22
https://www.karger.com/Article/FullText/530128?ref=23#ref23
https://www.karger.com/Article/FullText/530128?ref=24#ref24
https://www.karger.com/Article/FullText/530128?ref=25#ref25
https://www.karger.com/Article/FullText/530128?ref=26#ref26
https://www.karger.com/Article/FullText/530128?ref=27#ref27
https://www.karger.com/Article/FullText/530128?ref=28#ref28
https://www.karger.com/Article/FullText/530128?ref=28#ref28
https://www.karger.com/Article/FullText/530128?ref=29#ref29
https://www.karger.com/Article/FullText/530128?ref=29#ref29
https://www.karger.com/Article/FullText/530128?ref=30#ref30
https://www.karger.com/Article/FullText/530128?ref=31#ref31
https://www.karger.com/Article/FullText/530128?ref=31#ref31
https://public.vtoxford.org/nicu-by-the-numbers/steroids-for-chronic-lung-disease-increase-decrease-then-increase-again/
https://public.vtoxford.org/nicu-by-the-numbers/steroids-for-chronic-lung-disease-increase-decrease-then-increase-again/
https://public.vtoxford.org/nicu-by-the-numbers/steroids-for-chronic-lung-disease-increase-decrease-then-increase-again/
https://public.vtoxford.org/nicu-by-the-numbers/steroids-for-chronic-lung-disease-increase-decrease-then-increase-again/
https://doi.org/10.1159/000530128

	Trends, Characteristic, and Outcomes of Preterm Infants Who Received Postnatal Corticosteroid: A Cohort Study from 7 High-I ...
	Introduction
	Material and Methods
	Design and Setting
	Data Source and Definitions
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


