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Trends in Survival and Incidence of Bronchopulmonary 
Dysplasia in Extremely Preterm Infants at 23-26 Weeks Gestation

The aim of this study was to investigate the relationship between survival and incidence of 
bronchopulmonary dysplasia (BPD) in extremely premature infants, and identify clinical 
factors responsible for this association. Medical records of 350 infants at 23-26 weeks 
gestation from 2000 to 2005 (period I, n = 137) and 2006 to 2010 (period II, n = 213) were 
retrospectively reviewed. The infants were stratified into 23-24 and 25-26 weeks gestation, 
and the survival, BPD incidence, and clinical characteristics were analyzed. BPD was 
defined as oxygen dependency at 36 weeks postmenstrual age. The overall survival rate 
was significantly improved in period II compared to period I (80.3% vs. 70.0%, 
respectively; P = 0.028), especially in infants at 23-24 weeks gestation (73.9% vs. 47.4%, 
respectively; P = 0.001). The BPD incidence in survivors during period II (55.0%) was 
significantly decreased compared to period I (67.7%; P = 0.042), especially at 25-26 weeks 
gestation (41.7% vs. 62.3%, respectively; P = 0.008). Significantly improved survival at 
23-24 weeks gestation was associated with a higher antenatal steroid use and an improved 
5-minute Apgar score. A significant decrease in BPD incidence at 25-26 weeks gestation 
was associated with early extubation, prolonged use of less invasive continuous positive 
airway pressure, and reduced supplemental oxygen. Improved perinatal and neonatal care 
can simultaneously lead to improved survival and decreased BPD incidence in extremely 
premature infants.
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INTRODUCTION

Bronchopulmonary dysplasia (BPD), a chronic lung disease in 
premature infants that requires prolonged ventilator and oxy-
gen therapy, is a serious complication of preterm birth (1,2). 
BPD remains a major cause of mortality and lifelong morbidity 
in premature infants because only few therapeutic measures 
are available to prevent or ameliorate this common and serious 
disorder (3,4). The most severely affected infants were the most 
premature, particularly infants born at 23-26 weeks gestation. 
Recent advances in neonatal intensive care medicine have re-
sulted in improved survival of infants born as early as 23-24 
weeks gestation and therefore, the actual number of extremely 
premature infants at high risk for developing BPD might be in-
creasing. Consequently, improved survival of extremely pre-
term infants might be closely linked to increasing rates of BPD 
(5,6). However, other researchers have reported stable, or even 
reduced, BPD incidences (7-9). Overall, the role of improved 
survival in the development of BPD remains largely controver-
sial, and further studies are necessary to clarify this.
 Recently, we have noted markedly improved survival rates 

with improvements in perinatal and neonatal intensive care in 
extremely preterm infants, especially those born at 23-24 weeks 
gestation (10-12). Therefore, in the present study, we investigat-
ed whether improved survival was associated with the altered 
incidence of BPD, and if applicable, the clinical factors respon-
sible for this alteration.

MATERIALS AND METHODS

The medical records of 350 preterm infants at 23-26 weeks ges-
tation who were born and admitted to the neonatal intensive 
care unit (NICU) at Samsung Medical Center from January 1, 
2000 to December 31, 2005 (period I, n = 137) and January 1, 
2006 to December, 2010 (period II, n = 213) were retrospective-
ly reviewed. The study periods were divided according to the 
survival rate, and infants were stratified into the 23-24 and 25-
26 weeks gestation subgroups.
 Maternal and neonatal characteristics, mortality and various 
major morbidity rates until discharge were assessed in the 23-
24 and 25-26 weeks gestation subgroups during the study peri-
ods. The survival rate was assessed until discharge from the NI-
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CU. The traditional definition of BPD, oxygen use at postmen-
strual age of 36 weeks (13), was used in this study; this was equiv-
alent to moderate to severe BPD as determined by using the 
National Institutes of Health Workshop severity-based diagnos-
tic criteria (14). In the present study, we evaluated the incidence 
of BPD in association with the survival rates of patients; BPD 
was assessed only in the survivors until NICU discharge. Sub-
group analyses for infants at 23-24 and 25-26 weeks gestation 
were performed throughout the study periods. To identify the 
responsible associated factors for the changes in total mortality 
and BPD incidence in the survivors according to period, uni-
variate and subsequent multivariate analyses were conducted 
with various clinical factors. The following variables were ana-
lyzed for the analysis of clinical factors: period, gestational age 
(GA), birth weight, male, appropriate for gestational age (AGA), 
Apgar score at 5 min, histologic chorioamnionitis, pregnancy-
induced hypertension (PIH), antenatal and postnatal steroid 
therapy, respiratory distress syndrome (RDS), patent ductus ar-
teriosus (PDA) at week 1, intraventricular hemorrhage (IVH) 
grade ≥  3 (15), necrotizing enterocolitis (NEC) stage ≥ 2b (16), 
retinopathy of prematurity (ROP) stage ≥ 3 (17), neonatal sep-
sis, duration of total parenteral nutrition (TPN), intubation, con-
tinuous positive airway pressure (CPAP), and supplemental ox-
ygen therapy (11). GA was determined by the last maternal men-
strual period and modified Ballard test. AGA was defined as a 
birth weight between the 90th and 10th percentiles. RDS was 
defined as requiring surfactant and ventilator treatment or clin-
ical features of RDS within the first 24 hours or birth. Neonatal 
sepsis was defined as a positive blood culture in symptomatic 
infants with antibiotic treatment.

Statistical analyses 
Continuous variables were expressed as means ± standard de-
viations; categorical variables were expressed as numbers and 
percentages. Categorical variables were compared using the 
chi-square test or Fisher’s exact test, and continuous variables 
were compared using the Mann-Whitney U test or Student’s t-
test. Logistic regression analysis was performed to control for 

all variables and estimate the independent significant risk fac-
tors associated with death or BPD. A P value of < 0.05 was con-
sidered statistically significant. The adjusted odds ratio and 95% 
confidence interval for each possible risk factor were calculat-
ed. The software package SPSS version 17 (IBM Corp., Armonk, 
NY) was used for all statistical analyses.

Ethics statement
Data collection was approved by the institutional review board 
of Samsung Medical Center. The informed consent requirements 
for this retrospective chart review were waived by the Institu-
tional Review Board (approved number, 2013-12-126).

RESULTS 

Changes in demographic characteristics 
The characteristics of the newborns according to subgroups 
and study periods are shown in Table 1. The GA and birth weight 
of infants were not significantly different in infants at 23-26 weeks 
between periods I and II. The Apgar score at 5 min and antena-
tal steroid use in all infants were significantly higher during pe-
riod II compared to period I, especially in infants at 23-24 weeks 
gestation. Other variables, including male sex, AGA, histologic 
chorioamnionitis, and PIH were comparable in the subgroups 
between study periods.

Changes in management factors during NICU care
The management factors during periods I and II are shown in 
Table 2. The duration of CPAP, TPN, hospital days, and antibiot-
ics days in all infants was significantly higher during period II 
compared to period I. Moreover, the duration of CPAP, supple-
mental oxygen, antibiotics days, postnatal steroid use, and hos-
pital days in infants at 23-24 weeks gestation was significantly 
higher during period II compared to period I. By contrast, a low-
er duration of intubation and supplemental oxygen were observ-
ed in infants at 25-26 weeks gestation in period II compared to 
period I.

Table 1. Comparison of demographic characteristics in enrolled infants according to period*

Characteristics

23-24 weeks gestation (n = 149) 25-26 weeks gestation (n = 201) All infants, 23-26 weeks gestation (n = 350)

Period I 
(n = 57)

Period II 
(n = 92)

P value
Period I 
(n = 80)

Period II 
(n = 121)

P value
Period I 

(n = 137)
Period II 

(n = 213)
P value 

Gestational age, week 23.7 ± 0.4 23.6 ± 0.5 0.058 25.5 ± 0.5 25.4 ± 0.5 0.250 24.8 ± 1.0 24.6 ± 1.0 0.210
Birth weight, g 657.2 ± 109.9 627.4 ± 97.1 0.095 810.9 ± 127.1 805.3 ± 130.9 0.766 746.9 ± 141.8 728.5 ± 146.8 0.245
Male sex, No. (%) 23 (40.4) 48 (52.2) 0.160 45 (56.3) 50 (41.3) 0.038 68 (49.6) 98 (46) 0.507
AGA, No. (%) 49 (86) 85 (92.4) 0.205 75 (93.8) 109 (90.1) 0.360 124 (90.5) 194 (91.1) 0.857
Apgar score at 5 min 5.7 ± 1.7 7.2 ± 1.2 < 0.001 6.5 ± 1.5 7.4 ± 1.3 < 0.001 6.2 ± 1.6 7.3 ± 1.3 < 0.001
Antenatal steroid, No. (%) 36 (63.2) 75 (81.5) 0.012 57 (71.3) 95 (78.5) 0.240 93 (67.9) 170 (79.8) 0.012
HCA, No. (%) 27 (47.4) 44 (47.8) 0.957 31 (38.8) 53 (43.8) 0.477 58 (42.3) 97 (45.5) 0.556
PIH, No. (%) 2 (3.5) 4 (4.3) 0.790 12 (15) 11 (9.1) 0.221 14 (10.2) 15 (7.5) 0.318

*Plus-minus values are means ± standard deviations. AGA, appropriate for gestational age; HCA, histologic chorioamnionitis; PIH, pregnancy induced hypertension.
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Changes in survival rate, BPD incidence, and other 
morbidity rates 
The mortality, BPD incidence, and other morbidity rates among 
infants during period I and II are shown in Table 3. The survival 
rate at discharge in infants at 23-26 weeks gestation was signifi-
cantly improved during period II (80.3%, 171/213) compared to 
that during period I (70.0%, 96/137). In subgroup analyses, a 
significantly increased survival rate was observed during period 
II (73.9%, 68/92) compared to that in period I (47.4%, 27/57) in 
the 23-24 weeks gestation subgroup. However, there was no sig-
nificant difference in the survival rate of infants in the 25-26 
weeks gestation subgroup between periods I (86.3%, 69/80) 
and II (85.1%, 103/121).
 In contrast, the incidence of BPD in survivors was improved 
during period II (55.0%, 94/171) compared to that in period I 
(67.7%, 65/96). The 25-26 weeks gestation subgroup had a sig-
nificantly reduced incidence of BPD in period II (41.7%, 43/103) 
compared to period I (62.3%, 43/69). However, there were no 
significant differences in the incidence of BPD in infants in the 
23-24 weeks gestation subgroup. Increased survival at discharge 
in premature infants at 23-24 weeks gestation was not associat-
ed with increased incidence of BPD in infants at 23-24 weeks 
gestation (Fig. 1).

 The incidence of neonatal sepsis in infants at 25-26 weeks 
gestation was significantly lower during period II (15.7%) com-

Fig. 1. Survival rate and incidence of bronchopulmonary dysplasia in extremely pre-
term infant survivors according to time period. The overall survival rate was improved 
in period II compared to that in period I, especially in infants at 23-24 weeks gesta-
tion. The BPD incidence in survivors was decreased during period II compared to that 
in period I, especially in infants at 25-26 weeks gestation. Improved perinatal and 
neonatal care can simultaneously lead to improved survival and decreased incidence 
of bronchopulmonary dysplasia. *P < 0.05.
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Table 2. Comparison of neonatal intensive care management factors in enrolled infants according to period*

Management factors

23-24 weeks gestation (n = 149) 25-26 weeks gestation (n = 201) All infants, 23-26 weeks gestation (n = 350)

Period I 
(n = 57)

Period II 
(n = 92)

P value
Period I 
(n = 80)

Period II 
(n = 121)

P value
Period I 

(n = 137)
Period II 

(n = 213)
P value

Hospital days 73.5 ± 67.5 115.0 ± 66.9 < 0.001 96.2 ± 48.0 90.8 ± 40.7 0.397 86.7 ± 57.8 101.3 ± 54.8 0.018
Intubation, day 31.6 ± 29.1 40.0 ± 30.5 0.096 28.3 ± 36.0 17.8 ± 17.8 0.017 29.7 ± 33.2 27.4 ± 26.5 0.478
   HFOV, day 12.6 ± 16.8 18.1 ± 18.7 0.073 7.6 ± 11.6 6.5 ± 9.4 0.448 9.7 ± 14.2 11.5 ± 15.2 0.268
   CMV, day 18.9 ± 21.1 21.9 ± 17.7 0.344 20.7 ± 62.4 11.3 ± 11.6 0.024 19.9 ± 30.2 15.9 ± 15.4 0.148
CPAP, day 14.1 ± 22.3 26.2 ± 24.8 0.003 18.5 ± 14.1 24.5 ± 18.3 0.014 16.6 ± 18.0 25.2 ± 21.3 < 0.001
Supplemental O2, day 11.3 ± 15.2 20.3 ± 17.9 0.002 20.7 ± 14.6 16.2 ± 16.2 0.048 16.8 ± 15.5 18.0 ± 17.0 0.506
TPN, day 25.1 ± 22.6 51.9 ± 44.7 < 0.001 24.3 ± 16.1 37.0 ± 27.2 < 0.001 24.7 ± 19.0 43.6 ± 36.6 < 0.001
Postnatal steroid, day 8.5 ± 14.7 16.9 ± 22.6 0.014 7.1 ± 11.8 6.4 ± 9.2 0.617 7.7 ± 13.1 10.9 ± 17.2 0.061
Antibiotics, day 20.1 ± 19.8 33.5 ± 27.3 0.001 20.3 ± 17.1 18.6 ± 16.2 0.485 20.2 ± 18.2 25.0 ± 22.9 0.038

*Plus-minus values are means ± standard deviations. HFOV, high frequency oscillatory ventilation; CMV, conventional mechanical ventilation; CPAP, continuous positive airway 
pressure; TPN, total parenteral nutrition.

Table 3. Comparison of mortality and incidence of bronchopulmonary dysplasia and other morbidities in enrolled infants according to period 

Other morbidities 

23-24 weeks gestation (n = 149) 25-26 weeks gestation (n = 201) All infants, 23-26 weeks gestation (n = 350)

Period I 
(n = 57)

Period II 
(n = 92)

P value
Period I 
(n = 80)

Period II 
(n = 121)

P value
Period I 

(n = 137)
Period II 

(n = 213)
P value

Neonatal sepsis, n (%) 18 (31.6) 29 (31.5) 0.994 26 (32.9) 19 (15.7) 0.004 44 (32.4) 48 (22.5) 0.042
RDS, No. (%) 57 (100) 89 (96.7) 0.168 75 (93.8) 111 (91.7) 0.595 132 (96.4) 200 (93.9) 0.310
PDA, No. (%) 52 (91.2) 88 (95.5) 0.294 73 (92.4) 99 (83.2) 0.060 125 (91.9) 187 (87.8) 0.301
IVH grade ≥ 3, No. (%) 18 (31.6) 35 (38.0) 0.423 8 (10) 16 (13.2) 0.490 26 (19) 51 (23.9) 0.274
NEC stage ≥ 2b, No. (%) 5 (8.8) 10 (10.9) 0.679 3 (3.8) 7 (5.8) 0.516 8 (5.8) 17 (8.0) 0.527
ROP stage ≥ 3, No. (%) 19 (33.3) 41 (44.6) 0.153 33 (41.5) 30 (24.8) 0.024 52 (38) 71(33.3) 0.491
Mortality, No. (%) 30 (52.6) 24 (26.1) 0.001 11 (13.7) 18 (14.9) 0.824 41 (30.0) 42 (19.7) 0.028
BPD in survivors, No. (%)* 22/27 (81.5) 51/68 (75.0) 0.596 43/69 (62.3) 43/103 (41.7) 0.008 65/96 (67.7) 94/171 (55.0) 0.042

*Survivors were evaluated until discharge from the neonatal intensive care unit. RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; IVH, intraventricular hemor-
rhage; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; BPD, bronchopulmonary dysplasia. 
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pared to period I (32.9%; P = 0.004). The incidences of RDS, PDA, 
IVH grade ≥ 3, NEC stage ≥ 2b, and ROP stage ≥ 3 were not 
significantly different in the subgroups between study periods.

Associated factors for mortality and BPD
The univariate analysis of possible associated factors for mor-
tality and BPD in survivors is shown in Table 4. For adjustment 
of confounding factors, multivariate analysis was conducted for 
mortality and BPD with factors that were confirmed significant 
in the univariate analysis.
 The adjusted odds ratio and 95% confidence intervals for these 
factors analyzed by multivariate linear regression are shown in 
Table 5. A larger birth weight (per 100-g increment), higher Ap-
gar score at 5 min, and maternal use of antenatal steroid before 
delivery were negatively associated with mortality in infants at 
23-26 weeks gestation. A longer duration (per week) of intuba-

tion and supplemental oxygen were significantly associated 
with the development of BPD in survivors. In contrast, prolonged 
use of less invasive CPAP (per week) was protective against the 
development of BPD in survivors.

DISCUSSION

In the present study, the survival rate in extremely preterm in-
fants at 23-26 weeks gestation was significantly improved dur-
ing period II compared to that in period I, which was mostly at-
tributable to improved survival in infants born at 23-24 weeks 
gestation. This improved survival of extremely preterm infants 
was not associated with increased incidence of BPD at 23-24 
weeks gestation. Furthermore, the incidence of BPD in survivor 
infants at 25-26 weeks gestation was significantly decreased 
during period II compared to period I. Possible factors respon-

Table 4. Univariate analysis of associated factors for mortality and bronchopulmonary dysplasia in survivors

Variables

Mortality (n = 350)

P value

BPD (n = 267)

P value23-26 weeks gestation 
OR (95% CI)

23-26 weeks gestation 
OR (95% CI)

Period, I/II 0.575 (0.350-0.946) 0.029 0.596 (0.353-1.006) 0.053 
Gestational age, week 0.596 (0.462-0.768) < 0.001 0.572 (0.436-0.751) < 0.001
Birth weight, 100 g 0.560 (0.461-0.679) < 0.001 0.600 (0.488-0.738) < 0.001
Apgar score, 5 min 0.694 (0.605-0.796) < 0.001 0.784 (0.650-0.946) 0.011 
Male, y/n 0.917 (0.560-1.503) 0.731 1.918 (1.165-3.159) 0.010 
AGA, y/n 0.267 (0.127-0.561) < 0.001 0.479 (0.150-1.527) 0.213 
Antenatal steroid, y/n 0.384 (0.226-0.654) < 0.001 0.852 (0.460-1.578) 0.610 
RDS, y/n 1.587 (0.448-5.623) 0.474 3.196 (1.061-9.631) 0.039 
PDA, y/n 0.593 (0.276-1.272) 0.179 2.736 (1.151-6.504) 0.023 
Postnatal steroid, week 1.023 (0.892-1.174) 0.741 2.981 (2.179-4.078) < 0.001
Intubation, week 1.044 (0.996-1.096) 0.074 1.846 (1.582-2.154) < 0.001
CPAP, week 0.647 (0.565-0.741) < 0.001 1.106 (0.914-1.129) 0.769 
Supplemental oxygen, week 0.894 (0.856-0.934) < 0.001 2.257 (1.832-2.781) < 0.001
TPN, week 0.582 (00.486-0.699) < 0.001 1.064 (0.950-1.192) 0.281 
IVH grade ≥ 3, y/n 3.615 (2.094-6.239) < 0.001 2.520 (1.184-5.364) 0.016 
NEC stage ≥ 2b, y/n 2.301 (0.992-5.339) 0.052 0.752 (0.264-2.139) 0.593 
Neonatal sepsis, y/n 1.526 (0.890-2.615) 0.124 1.869 (1.023-3.414) 0.042 

OR, odds ratio; CI, confidence interval; BPD, bronchopulmonary dysplasia; y/n, yes/no; AGA, appropriate for gestational age; RDS, respiratory distress syndrome; PDA, patent 
ductus arteriosus; CPAP, continuous positive airway pressure; TPN, total parenteral nutrition; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis.

Table 5. Multivariate analysis of associated factors for mortality and bronchopulmonary dysplasia in survivors

Mortality (n = 350)
23-26 weeks gestation 
Adjusted OR (95% CI)

P value BPD (n = 267)
23-26 weeks gestation
Adjusted OR (95% CI)

P value

Period, I/II 0.693 (0.383-1.256) 0.227 Birth weight, 100 g 1.230 (0.831-1.822) 0.300 
Gestational age, week 0.856 (0.605-1.212) 0.381 Apgar score, 5 min 1.125 (0.819-1.546) 0.468 
Birth weight, 100 g 0.604 (0.450-0.811) 0.001 Male, y/n 0.981 (0.403-2.387) 0.967 
Apgar score, 5 min 0.773 (0.659-0.906) 0.001 RDS, y/n 0.522 (0.068-4.035) 0.522 
AGA, y/n 0.870 (0.300-2.525) 0.798 PDA, y/n 0.395 (0.075-2.068) 0.271 
Antenatal steroid, y/n 0.435 (0.238-0.796) 0.007 Intubation, week 1.390 (1.081-1.789) 0.010 

CPAP, week 0.685 (0.532-0.882) 0.003 
Supplemental oxygen, week 2.502 (1.917-3.264) < 0.001
IVH ≥ grade 3, y/n 2.597 (0.720-9.363) 0.145 
Neonatal sepsis, y/n 0.754 (0.266-2.143) 0.597 

OR, odds ratio; CI, confidence interval; BPD, bronchopulmonary dysplasia; y/n, yes/no; AGA, appropriate for gestational age; RDS, respiratory distress syndrome; PDA, patent 
ductus arteriosus; CPAP, continuous positive airway pressure; IVH, intraventricular hemorrhage.
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sible for these changes include higher antenatal steroid use and 
improved 5-min Apgar scores, which were associated with im-
proved survival in infants at 23-24 weeks gestation. In addition, 
earlier extubation, less oxygen supplementation, and increased 
less invasive nasal CPAP use were associated with reduced BPD 
incidence, especially in infants at 25-26 gestation.
 The association between the increased survival of preterm 
infants and BPD remains a controversy. A lower GA at delivery, 
especially ≤ 26 weeks gestation, which results in extreme struc-
tural and biochemical lung immaturity, is the most powerful 
risk factor for the development of BPD (18-20). Increased sur-
vival of extremely premature infants might increase the actual 
number of premature infants at risk for BPD (5,21-23). Howev-
er, increased survival of extremely preterm infants at 23-24 weeks 
gestation was associated with reduced incidence of BPD in in-
fants at 25-26 weeks gestation at our NICU setting. Botet et al. 
(1) reported that there was no increase in the survival of extreme-
ly low birth weight infants; however, the survival of infants with-
out BPD increased from 58.5% in 1997-2000 to 75% in 2006-2009. 
According to these findings, better perinatal and neonatal in-
tensive care for improving survival of extremely preterm infants 
also simultaneously reduces the incidence of BPD in these in-
fants (24,25). Currently, few effective treatments are available 
for treating BPD. However, marked variation in the BPD inci-
dence rates among medical centers and some reported success 
in reducing the BPD incidence rate within individual hospitals 
through quality improvement efforts suggest that identification 
and implementation of specific neonatal intensive care practic-
es could modify the incidence of BPD (26-29). In the present 
study, early CPAP after having early extubation and reducing 
supplemental oxygen use were independent effective strategies 
identified for reducing the incidence of BPD. Intubation and 
ventilation could induce volutrauma and barotrauma, and the 
use of less invasive CPAP could allow continuous alveolar growth, 
which might consequently reduce lung damage (30). Other pos-
sible risk or preventive factors for BPD, including birth weight, 
nosocomial sepsis, PDA, postnatal steroid use, and nutrition 
(31,32) were not significantly associated with the development 
of BPD in the present study. Collectively, these findings suggest 
that although the ‘magic bullet’ for preventing and/or treating 
BPD might not exist, the implementation of combined clinical 
practices, including reduced oxygen exposure, early extubation 
and less invasive CPAP, might be an effective strategy for reduc-
ing BPD among extremely preterm infants (33). 
 This study had several limitations, including its retrospective 
nature and the relatively small sample size of infants born at 23-
24 weeks gestation during period I. In addition, although “peri-
od” was included as an independent factor for multivariate anal-
ysis for the effect, unknown confounders might not be controlled 
in this retrospective study. Another limitation was that the re-
sults were obtained from a single institution and therefore, our 

findings might not be generalizable to another NICU. However, 
a strength of this study was the relatively large sample size of in-
fants at 23-26 weeks gestation (n = 350) with similar baseline 
characteristics who were born at a single institution. Further-
more, possible factors responsible for these outcome changes 
were confirmed using both period comparison and risk factor 
analysis in the present study. In period II, increased antenatal 
steroid use and higher 5-min Apgar scores, which were con-
firmed as associated factors for improved survival were dem-
onstrated in infants at 23-24 weeks gestation; these infants had 
significantly improved survival rates compared to those in peri-
od I. Earlier extubation and less oxygen supplement with increa-
sed nasal CPAP use, which were associated factors confirmed 
to be responsible for protecting against BPD, were also demon-
strated in period II in the 25-26 weeks gestation subgroup; the 
BPD incidence was significantly lower compared to period I in 
these infants.
 In conclusion, infants born at 23-26 weeks gestation had im-
proved survival rates, which was mostly attributable to improved 
survival of infants born at 23-24 weeks gestation. Simultaneous-
ly, the incidence of BPD in survivors was reduced in infants born 
at 23-26 weeks gestation, which was mostly attributable to de-
creased BPD incidence in infants born at 25-26 weeks gestation. 
In this study, improved survival of extremely preterm infants 
born at 23-24 weeks gestation may be associated with reduced 
incidence of significant BPD in survivor infants born at 25-26 
weeks gestation. These findings are in agreement with those of 
other studies in which the quality of life was improved in extre-
mely preterm infants. The development of perinatal and neo-
natal care improved the survival of immature preterm infants 
and simultaneously decreased morbidities in mature preterm 
infants (34,35). Collectively, aggressive perinatal and improved 
neonatal care can simultaneously lead to improved survival and 
decreased BPD incidence in extremely premature infants.
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