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ABSTRACT

Background: This study was performed to determine survival and morbidity rates in very 
low birth weight infants (VLBWIs) in the Korean Neonatal Network (KNN), and to compare 
neonatal outcomes with those in other countries.
Methods: Data were collected for 8,269 VLBWIs with gestational age (GA) ≥ 22 weeks who 
were born between January 1, 2013 and December 31, 2016, and admitted to the neonatal 
intensive care units of the KNN.
Results: The survival rate of all VLBWIs and of infants with GA 22–23, 24–25, 26–27, 28–29, 
30–32, and > 32 weeks were 86% (total), 33%, 65%, 84%, 94%, 97%, and 98%, respectively. 
The bronchopulmonary dysplasia (BPD) rates of all VLBWIs and of infants with GA 22–23, 
24–25, 26–27, 28–29, 30–32, and > 32 weeks were 30% (total), 88%, 64%, 47%, 26%, 14%, 
and 5%, respectively. The intraventricular hemorrhage rates (≥ grade III) of all VLBWIs and 
of infants with GA 22–23, 24–25, 26–27, 28–29, 30–32, and > 32 weeks were 10% (total), 45%, 
27%, 12%, 5%, 2%, and 1%, respectively. In an international comparison, the survival rate 
of VLBWIs with GA 24–27 weeks in KNN was lower, and the BPD rate of VLBWIs in the KNN 
was higher than that of the neonatal networks of other countries.
Conclusion: Despite overall improvements in neonatal outcomes, the survival and morbidity 
rates of more immature infants with GA 22–27 weeks need further improvement. Therefore, 
it would be necessary to develop more optimal treatment strategies and perform more active 
quality improvement to further improve neonatal outcomes of VLBWIs in Korea.

Keywords: Infant, Premature; Infant, Very Low Birth Weight; Infant Mortality; 
Bronchopulmonary Dysplasia

INTRODUCTION

Despite advances in neonatal intensive care, very low birth weight infants (VLBWIs) who 
are born weighing < 1,500 g, remain at high risk of mortality and morbidities of serious 
complications.1 Complications related to preterm birth are the leading cause of mortality in 
children younger than 5 years overall, including the neonatal period.2 In addition, preterm 
infants require active health care in the long term as well as in the neonatal period owing 
to various complications.3 These outcomes in VLBWIs are accepted as an index reflecting 
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the quality of newborn care in each country.4,5 Many developed countries have already 
established neonatal networks and are seeking to improve neonatal care by accumulating and 
presenting population-based data on high-risk newborns, such as VLBWIs. In addition, these 
networks are making efforts to find ways to improve the care of newborns in their countries 
through comparisons with other countries.6,7

The survival rate of VLBWIs in Korea has been improving in the past half century,8 reaching 
84.8% according to a recent report.9 However, few studies have reported on population-
based neonatal outcomes, including survival rates along with serious morbidities such as 
bronchopulmonary dysplasia (BPD), intraventricular hemorrhage (IVH), periventricular 
leukomalacia (PVL), and retinopathy of prematurity (ROP). The Korean Neonatal Network 
(KNN), which was established by the Korean Society of Neonatology and Korea Centers for 
Disease Control and Prevention in 2013, has been collecting nationwide population-based 
data for improving the outcomes of VLBWIs in Korea.10

Therefore, this study was performed to determine the survival and morbidity rates of VLBWIs 
in Korea, and to compare the neonatal outcomes with those in other countries.

METHODS

Data collection
Of 8,291 VLBWIs born in or transferred within 28 days after birth to the participating 
neonatal intensive care units (NICUs) of the KNN between January 1, 2013 and December 31, 
2016, this study enrolled 8,269 infants born at gestational age (GA) ≥ 22 weeks. From 2013 to 
2016, a total of 49, 55, 60, and 66 NICUs participated annually and registered 1,396, 2,123, 
2,392, and 2,358 VLBWIs, in the registry of the KNN, respectively. The population in this 
study included about two-thirds of the annual VLBWIs born in Korea except 2013. This study 
was based on data from annual reports of the KNN from 2013 to 2016.11-14

The definitions of collected data were guided by the manual of operations of the KNN. 
GA was determined thorough obstetric examination with ultrasonography early during 
pregnancy or, if early ultrasonography was unavailable, by way of historical review of the last 
menstrual period. BPD was defined as the need for supplemental oxygen support at corrected 
GA of 36 weeks.15 Necrotizing enterocolitis (NEC) was defined as Bell's stage II or higher.16 
IVH (≥ grade III)17 and cystic PVL on cranial ultrasonography were based on the Papile 
grading system.

The neonatal outcomes data of other countries were collected and modified with published 
studies.6,7,18,19 The data of other countries were collected by the national neonatal research 
networks of countries that participated in the International Network for Evaluating 
Outcomes (iNeo) of Neonate and the National Institute of Child Health and Human 
Development (NICHD) Neonatal Research Network.

Data analysis
Subgroup analysis for survival and morbidity rates in the KNN was performed according to 
GA; 22–23, 24–25, 26–27, 28–29, 30–32, and > 32 weeks. International comparison of survival 
rates was conducted with VLBWIs born at GA 24–29 weeks, whereas the comparison with 
morbidity rates was conducted with VLBWIs born at GA 24–31 weeks.
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Demographic data and neonatal outcomes were presented as percent (range of probability; 
95% confidence interval). The statistical significance for unadjusted comparisons was 
analyzed with the χ2 or Fisher's exact test. All statistical analyses were performed using R 
software (R Foundation for Statistical Computing, Vienna, Austria).20

RESULTS

Demographic characteristics
Of all the VLBWIs in this study, 35% were born from multiple births and 34% of mothers were 
older than 35 years. Antenatal steroid was given to 76% of mothers and 77% of the infants 
were born via cesarean section. Maternal diabetes and hypertension were present in 8% and 
21%, respectively, during the pregnancy.

Fewer mothers of VLBWIs with GA 22–23 weeks and GA > 32 weeks received antenatal steroid 
than mothers of other VLBWI subgroups. Fewer VLBWIs with GA 22–23 weeks were born via 
cesarean section than VLBWIs of other subgroups, and more VLBWIs with GA 30–32 weeks 
and > 32 weeks were born via cesarean section than VLBWIs of other subgroups. Maternal 
diabetes and hypertension showed a tendency to increase with increasing GA of the VLBWIs. 
Demographic data of VLBWIs enrolled in this study are shown in Table 1.

Neonatal outcomes
The survival rate of all VLBWIs in this study was 86%, and the survival rates were much lower in 
more immature VLBWIs (GA 22–23, 24–25, 26–27 weeks) than in infants with GA ≥ 28 weeks.

Of all the VLBWIs in this study, 78% and 30% were diagnosed as having respiratory distress 
syndrome (RDS) and moderate to severe BPD, respectively. The RDS rates decreased abruptly 
in VLBWIs with GA 30–32 weeks and GA > 32 weeks. The BPD rates were much higher in 
VLBWIs with GA 22–23, 24–25, and 26–27 weeks than VLBWIs with GA ≥ 28 weeks.

Of the total VLBWIs in this study, 7% were diagnosed as having NEC and 8% needed therapy 
for ROP before discharge from the NICU. The rate of NEC in VLBWIs with GA 22–23 weeks 
was 20% which decreased as the subgroup GA increased. The rate of therapy for ROP in 
VLBWIs with GA 24–25 weeks was the highest at 25% which also decreased as the subgroup 
GA increased.
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Table 1. Demographic data of VLBWIs of KNN (2013–2016)
Variables GA, wk

22–23 (n = 372) 24–25 (n = 1,156) 26–27 (n = 1,644) 28–29 (n = 2,191) 30–32 (n = 2,078) > 32 (n = 828) Total (n = 8,269)
Sex, male 52 (47–58) 52 (49–55) 53 (50–55) 51 (49–53) 47 (45–50) 47 (44–50) 50 (49–51)
Multiple birth 39 (34–44) 34 (31–36) 29 (27–31) 34 (32–36) 41 (39–43) 38 (35–42) 35 (34–36)
Maternal age, yr

< 20 0 (0–2) 1 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1) 0 (0–1)
> 35 30 (26–35) 32 (30–35) 36 (34–38) 32 (31–35) 34 (32–36) 35 (32–39) 34 (33–35)

Antenatal steroid 63 (58–68) 79 (76–81) 82 (80–84) 81 (79–83) 80 (79–82) 45 (42–49) 76 (75–77)
Cesarean section 49 (43–54) 71 (68–74) 74 (71–76) 77 (75–79) 85 (83–86) 88 (86–90) 77 (76–78)
Maternal diabetes 2 (1–4) 5 (4–6) 9 (8–10) 10 (9–12) 10 (9–11) 8 (6–10) 8 (8–9)
Maternal hypertension 3 (2–6) 8 (7–10) 13 (12–15) 17 (15–18) 33 (31–35) 38 (34–41) 21 (20–21)
Data are presented as percentage (range of probability: 95% confidence interval). There is a significant difference among groups if the probability ranges do not 
overlap with each other.
VLBWIs = very low birth weight infants, KNN = Korean Neonatal Network, GA = gestational age.
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Sepsis occurred in 21% of all VLBWIs in this study during the stay in the NICU; specifically, 
the rates of sepsis in VLBWIs with GA 22–23, 24–25, and 26–27 weeks were much higher than 
those of VLBWIs with GA ≥ 28 weeks.

IVH (≥ grade III) was diagnosed in 10% of all VLBWIs in this study, and the rates of IVH (≥ 
grade III) were much higher in VLBWIs with GA 22–23 and 24–25 weeks than in VLBWIs with 
GA ≥ 26 weeks. The neonatal outcomes of VLBWIs enrolled in this study are shown in Table 2.

Annual trends of neonatal outcomes in the KNN from 2013 to 2016
The annual survival rates for 2013, 2014, 2015, and 2016 were 90% (88%–92%), 85% (84%–
87%), 86% (85%–88%) and 85% (83%–87%), respectively. The annual BPD rates for 2013, 
2014, 2015 and 2016 were 35% (32%–38%), 29% (26%–31%), 28% (26%–30%) and 29% 
(27%–31%), respectively. The annual trends of neonatal outcomes in the KNN from 2013 to 
2016 are shown in Fig. 1.
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Table 2. Neonatal outcomes of VLBWIs of KNN (2013–2016)
Variables GA, wk

22–23 (n = 372) 24–25 (n = 1,156) 26–27 (n = 1,644) 28–29 (n = 2,191) 30–32 (n = 2,078) > 32 (n = 828) Total (n = 8,269)
Survival rate 33 (28–38) 65 (62–67) 84 (82–85) 94 (93–95) 97 (96–98) 98 (97–99) 86 (85–87)
RDS 98 (95–99) 98 (97–99) 96 (95–97) 89 (88–91) 60 (58–62) 21 (18–23) 78 (77–79)
BPD 88 (80–93) 64 (61–68) 47 (44–49) 26 (24–28) 14 (13–16) 5 (4–7) 30 (29–31)
ROP Tx. 20 (16–25) 25 (23–28) 11 (9–12) 3 (2–4) 1 (0–1) 0 (0–1) 8 (7–8)
NEC ≥ IIa 20 (16–25) 15 (13–17) 9 (8–11) 4 (3–5) 3 (2–3) 2 (1–4) 7 (6–7)
Sepsis 38 (33–43) 36 (33–39) 31 (29–33) 18 (16–19) 11 (9–12) 6 (4–8) 21 (20–22)
Drug for PDA 39 (34–45) 52 (49–55) 48 (45–50) 34 (32–36) 21 (19–23) 9 (7–11) 34 (33–35)
Ligation of PDA 18 (14–23) 25 (23–28) 18 (16–20) 7 (6–9) 3 (3–4) 2 (1–3) 11 (10–12)
IVH (≥ grade III) 45 (39–51) 27 (25–30) 12 (11–14) 5 (4–6) 2 (1–3) 1 (0–2) 10 (9–10)
PVL 15 (11–20) 12 (10–15) 11 (9–12) 8 (7–9) 5 (4–6) 2 (1–3) 8 (7–9)
Data are presented as percentage (range of probability: 95% confidence interval). There is a significant difference among groups if the probability ranges do not 
overlap with each other.
VLBWIs = very low birth weight infants, KNN = Korean Neonatal Network, GA = gestational age, RDS = respiratory distress syndrome, BPD = bronchopulmonary 
dysplasia, moderate to severe, ROP Tx. = therapy for retinopathy of prematurity before discharge from the neonatal intensive care unit, NEC = necrotizing 
enterocolitis, PDA = patent ductus arteriosus, IVH (≥ grade III) = grade III or more intraventricular hemorrhage, PVL = periventricular leukomalacia, cystic.

BPD

* *

* * *

* *

IVH PVL ROP Tx.Survival

%

0

100

20

60

80

40

2013 2014 2015 2016

Fig. 1. Annual trends of neonatal outcomes of VLBWIs of KNN (2013–2016). 
VLBWIs = very low birth weight infants, KNN = Korean Neonatal Network, BPD = bronchopulmonary dysplasia, 
moderate to severe, IVH (≥ grade III) = grade III or more intraventricular hemorrhage, PVL = periventricular 
leukomalacia, cystic, ROP Tx. = therapy for retinopathy of prematurity. 
*P value < 0.05 evaluated with χ2 Fisher's exact test, compared with outcomes in 2013.
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International comparison of neonatal outcomes
The survival rates of VLBWIs born at GA 24–29 weeks are shown by country in Table 3. The 
overall survival rate of VLBWIs in the KNN was 84% (83%–85%). In contrast, the survival rates 
in the Neonatal Research Network of Japan (NRNJ), the Australia and New Zealand Neonatal 
Network, and the Canadian Neonatal Network (CNN) were higher than those in other 
neonatal networks including the KNN; the rates in the SwissNeoNet and United Kingdom 
Neonatal Collaborative were comparable to those in the KNN. The differences in survival 
rates between the KNN and the networks in countries with better survival rates became more 
prominent in the comparison based on less mature infants with GA 24–26 weeks.

The demographic data and morbidity rates of VLBWIs by country are shown in Table 4. Most of 
the characteristics of the VLBWIs in the KNN, including multiple births, male, antenatal steroid 
use and cesarean section, showed similar trends with those of VLBWIs in other networks. With 
regard to morbidities, the BPD rate in the KNN was higher than that in other networks.

The rates of BPD, ROP, NEC, sepsis, IVH or PVL in VLBWIs with GA ≤ 32 weeks in the KNN, 
CNN, and NRNJ are shown in Fig. 2. The rates of morbidities of infants in the KNN were 
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Table 3. International comparison of survival rates of VLBWIs (24–29 weeks' gestation)
GA, wk KNNa ANZNNb CNNb NICHDc INNb NRNJb SEN1500b SwissNeoNetb UKNCd

24 56 (51–60)  
[478]

65 (62–67) 
[1,229]

62 (59–65) 
[1,191]

62 (60–65) 
[1,241]

35 (31–39)  
[482]

84 (82–85) 
[2,082]

36 (33–39)  
[866]

58 (50–65)  
[186]

64 (62–66) 
[2,053]

25 71 (67–74)  
[678]

80 (78–82) 
[1,655]

79 (77–81) 
[1,829]

77 (75–80) 
[1,391]

57 (54–61)  
[664]

89 (88–90) 
[2,413]

60 (57–62) 
[1,200]

67 (62–72)  
[319]

77 (75–78) 
[2,366]

26 79 (76–82)  
[774]

88 (86–89) 
[2,117]

87 (85–88) 
[2,043]

85 (83–86) 
[1,513]

78 (75–81)  
[847]

93 (92–94) 
[2,850]

73 (71–75) 
[1,568]

84 (80–87)  
[458]

85 (84–86) 
[3,091]

27 88 (86–90) 
[870]

92 (91–93) 
[2,346]

92 (90–93) 
[2,412]

90 (89–92) 
[1,733]

85 (83–88)  
[947]

94 (94–95) 
[3,301]

82 (80–84) 
[1,842]

91 (88–93)  
[478]

90 (89–91) 
[3,657]

28 93 (91–95) 
[1,072]

95 (94–96) 
[2,939]

95 (94–95) 
[2,703]

94 (93–95) 
[1,886]

92 (90–93) 
[1,156]

96 (96–97) 
[3,850]

89 (87–90) 
[2,210]

95 (93–96)  
[581]

93 (92–94) 
[4,383]

29 95 (94–96) 
[1,119]

97 (97–98) 
[2,953]

97 (96–98) 
[2,710]

- 94 (93–96) 
[1,345]

97 (96–97) 
[3,925]

92 (91–93) 
[2,540]

98 (96–99) 
[653]

96 (95–97) 
[4,425]

24–29 84 (83–85) 
[4,991]

89 (88–90) 
[13,239]

88 (87–89) 
[12,888]

83 (83–84) 
[7,764]

80 (79–81) 
[5,441]

93 (93–94) 
[17,192]

78 (77–79) 
[10,226]

87 (86–88) 
[2,675]

87 (86–87) 
[19,975]

Data are presented as survival rate (range of probability: 95% confidence interval) [numbers of group]. There is a significant difference among groups if the 
probability ranges do not overlap with each other.
VLBWIs = very low birth weight infants, GA = gestational age, KNN = Korean Neonatal Network, ANZNN = Australia and New Zealand Neonatal Network, CNN 
= Canadian Neonatal Network, NICHD = National Institute of Child Health and Human Development, INN = the Israel Neonatal Network, NRNJ = Neonatal 
Research Network of Japan, SEN1500 = Spanish Neonatal Network, UKNC = United Kingdom Neonatal Collaborative.
a2013–2016; b2007–2013; c2008–2012; d2008–2013.

Table 4. International comparison of demographics and morbidities of VLBWIs (24–31 weeks' gestation)
Variables KNNa  

(n = 6,620)
ANZNNb  

(n = 9,643)
CNNb  

(n = 8,666)
INNb  

(n = 4,481)
NRNJb  

(n = 12,608)
SEN1500b  

(n = 8,063)
SwissNeoNetb  

(n = 2,034)
UKNCc  

(n = 10,325)
Multiple birth 35 (33–36) 31 (30–32) 31 (30–32) 42 (41–44) 24 (23–25) 33 (32–34) 34 (32–36) 28 (27–29)
Sex, male 51 (50–52) 51 (50–52) 52 (51–53) 52 (51–54) 52 (51–53) 52 (51–53) 52 (49–54) 51 (50–52)
Antenatal steroid 81 (80–82) 90 (89–90) 84 (84–85) 75 (74–77) 49 (49–50) 84 (84–85) 89 (88–90) 82 (81–83)
Cesarean section 77 (76–78) 64 (63–65) 62 (61–63) 73 (72–75) 77 (76–77) 67 (66–68) 84 (83–86) 47 (46–48)
BPD 33 (32–34) 24 (23–25) 25 (24–26) 14 (13–15) 19 (18–20) 15 (14–16) 13 (11–15) 32 (31–33)
IVH (≥ grade III) 10 (9–11) 6 (6–7) 10 (9–11) 12 (11–13) 4 (4–5) 10 (9–11) 8 (7–9) 6 (6–6)
PVL 7 (6–9) 3 (2–3) 6 (5–7) 5 (4–6) 4 (4–4) 6 (6–7) 2 (2–3) 2 (2–2)
ROP Tx. 8 (8–9) 3 (3–3) 4 (4–4) 3 (3–4) 16 (16–17) 4 (4–5) 2 (1–3) 2 (2–3)
Data are presented as survival rate (range of probability: 95% confidence interval). There is a significant difference among groups if the probability ranges do not 
overlap with each other.
VLBWIs = very low birth weight infants, BPD = bronchopulmonary dysplasia, moderate to severe, IVH (≥ grade III) = grade III or more intraventricular hemorrhage, 
PVL = periventricular leukomalacia, cystic, ROP Tx. = therapy for retinopathy of prematurity before discharge from the neonatal intensive care unit, KNN = Korean 
Neonatal Network, ANZNN = Australia and New Zealand Neonatal Network, CNN = Canadian Neonatal Network, INN = the Israel Neonatal Network, NRNJ = 
Neonatal Research Network of Japan, SEN1500 = Spanish Neonatal Network, UKNC = United Kingdom Neonatal Collaborative.
a2013–2016; b2007–2010; c2008–2010.
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Fig. 2. International comparison of moderate to severe BPD, severe ROP (≥ stage III), NEC (≥ stage IIa), sepsis, and 
IVH (≥ grade III) or cystic PVL in VLBWIs with 22–32 weeks' gestation. 
BPD = bronchopulmonary dysplasia, ROP = retinopathy of prematurity, NEC = necrotizing enterocolitis, IVH = 
intraventricular hemorrhage, PVL = periventricular leukomalacia, VLBWIs = very low birth weight infants, KNN = 
Korean Neonatal Network, CNN = Canandian Neonatal Network, NRNJ = Neonatal Research Network of Japan. 
*P value < 0.05 evaluated with χ2 Fisher's exact test, compared with outcomes of the KNN; †sepsis at ≥ 3 days of 
life; ‡sepsis at ≥ 7 days of life; a2013–2016; b2006–2008.
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higher than those in the CNN and NRNJ, and these differences were more pronounced in 
the comparison based on less mature infants with GA < 25 weeks and 25–26 weeks and in the 
comparison of BPD and ROP rates.

DISCUSSION

The present study is the first to evaluate the survival rates along with rates of major 
morbidities of VLBWIs using a population-based study in Korea. Our data showed that the 
survival rate of VLBWIs in the KNN enrolled from January 1, 2013 to December 31, 2016, was 
86% and that the rates of RDS, BPD, IVH and PVL were 78%, 30%, 10%, and 8% respectively. 
These data according to GA would help to provide useful information to both physicians and 
parents and could facilitate studies to improve neonatal outcomes in Korea.

The survival rate of VLBWIs in Korea, which had reached about 40% from 1960 to the mid-
1980s, showed dramatic improvement owing to the rapid development of neonatal intensive 
care medicine, increasing to 85% in 2005–2009. The statistical differences among the 
survival rates of VLBWIs according to GA from surveillance data in the 2000s were analyzed 
and the survival rates were significantly lower in infants with GA < 30 weeks in 2002, GA < 
29 weeks in 2007, and GA < 27 weeks in 2013–2014, indicating that the survival rate of less 
mature VLBWIs has improved over time.9 In the present study, the survival rates of VLBWIs 
with GA 22–23, 24–25, and 26–27 weeks were also much lower than those of infants with 
GA ≥ 28–29 weeks. These prominent differences in the survival rate according to GA were 
also found in a comparison with other developed countries. In the present study, the overall 
survival rates of VLBWIs with GA between 24 and 29 weeks of GA in the KNN was 84%; this 
rate was comparable to that in most other countries; however, the overall survival rates of less 
mature infants with GA between 24 and 26 weeks in the KNN were much lower than those 
in many other countries. The annual survival rates in 2014 and 2016 were significantly lower 
than those in 2013 in this study. However, these results may be attributed to the quantitative 
increase of NICUs participating in the data registry of the KNN during the study period and 
the deaths of some infants before enrollment in the data registry of 2013, rather than to the 
deterioration of neonatal intensive care for these high-risk infants.

Perinatal and neonatal care has focused on improving neonatal outcomes by reducing major 
morbidities, in addition to increasing survival rate in extremely preterm infants. Antenatal 
steroid use is known to be one of the most effective perinatal care for improving neonatal 
outcomes of preterm infants.21,22 Mori et al.23 found that antenatal steroid exposure was 
associated with a significant decrease in mortality of preterm infant born at GA 22 or 23 
weeks. Although the frequency of antenatal steroid use for overall VLBWIs in the KNN was 
comparable to that of networks in other countries, the frequency of antenatal steroid use in 
infants with GA 22–23 weeks was still much lower than that in infants with GA ≥ 24 weeks 
in this study. In addition, only 49% of infants with GA 22–23 weeks were born via cesarean 
section, and this rate is much lower than the cesarean section rate of all the VLBWIs in the 
present study. There has been a wide variation of opinions among obstetricians regarding 
routine use of electronic fetal monitoring or consideration of cesarean section for infants 
with GA < 24 weeks.24 Although the risks and benefits should be taken into account when 
deciding whether to use antenatal steroid and cesarean section for extremely preterm infants 
at the limit of viability, these may be necessary to improve neonatal survival and reduce major 
morbidity rates.
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BPD, a representative chronic lung disease in newborn infants, results in higher mortality 
and longer hospitalization. Infants with BPD have increased risks of cardiovascular 
impairment, pulmonary sequelae, growth failure, and neurodevelopmental delay.25-27 
The BPD rate in VLBWIs with GA 23–31 weeks increased from 17.8% in 2007–2008 to 33% 
in 2013–2014 in Korea.28 The studies in other countries also showed that the increase in 
the survival rate of infants with more immature GA and lower birth weight, which are risk 
factors for BPD, leads to an unavoidable increase in the rate of BPD.18,19,29,30 In the present 
study, the annual BPD rate for 2013 was 35% (32%–38%), but significantly decreased to 29% 
(26%–31%), 28% (26%–30%) and 29% (27%–31%) in 2014, 2015, and 2016, respectively. 
These conflicting results may also be attributed to the exclusion of infants who died before 
enrollment in the data registry for 2013. In addition, the variation of incidence of BPD among 
countries may be caused by the difference in definition of BPD with regard to whether or not 
to include use of heated humidified high-flow nasal cannula for respiratory support.

The development of severe IVH or cystic PVL is of great importance in that it is likely to 
induce long-term neurodevelopmental impairment. In the study by the NICHD, the IVH 
rate was decreased in VLBWIs with GA 26–28 weeks from 1993 to 2012 but not in infants 
with GA 22–25 weeks.18 The cystic PVL rate was also decreased in VLBWIs GA 26–28 weeks 
during the last 20 years in that study.18 In the present study, IVH and PVL rates in infants 
with GA ≤ 27 weeks were also much higher than those in infants with GA > 27 weeks. Cho 
et al.31 reported that intensive resuscitation with cardiac compression and/or epinephrine 
administration at birth resulted in greater early mortality at less than 7 days, increased IVH, 
and increased PVL, and suggested that quality improvement in delivery room management 
would result in reduced morbidity and early death in vulnerable VLBWIs. In the present 
study, the annual PVL rate for 2015 and 2016 was significantly lower than that for 2013. 
However, the baseline characteristics such as GA, birth weight, use of antenatal steroids, 
need for intensive resuscitation at birth, and the PVL rate according to GA were not different 
from 2013 to 2016 (data not shown). This difference may also result from the composition of 
infants enrolled in 2013.

The NRNJ, which has the best VLBWI survival rate among the neonatal networks of other 
countries, showed a remarkable difference from others, especially in the survival rate of less 
mature infants with GA ≤ 26 weeks and the lower rates of IVH, PVL, NEC, and late-onset 
sepsis.32,33 The excellent neonatal outcomes of VLBWIs in Japan have been attributed to 
social consensus on the limit of viability and to care guidelines and active support for the 
treatment of more immature infants.34,35 Smith et al.36 reported that NICUs with higher rates 
of antenatal steroid use in extremely low birth weight infants (ELBWIs) at GA 22 to 24 weeks 
showed reduced rates of death, death or ROP, death or late-onset sepsis, death or NEC, and 
death or neurodevelopmental impairment in ELBWIs at GA 25–27 weeks. This suggested 
that physicians' willingness to provide care to extremely low GA infants, as measured by the 
frequency of antenatal steroid use, could be associated with improved outcomes for more 
mature infants. Kim et al.37 reported that improved survival in extremely premature infants 
with GA 23–24 weeks was associated with a higher rate of antenatal steroid use, an improved 
5-minute Apgar score and a decrease in BPD rate in infants at GA 25–26 weeks. This finding 
was associated with early weaning from intubation, prolonged use of less-invasive continuous 
positive airway pressure, and reduced supplemental oxygen. The results of these studies 
demonstrate that an active approach to perinatal and neonatal care can improve outcomes in 
extremely preterm infants.
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The strength of the present study lies in analyzing prospectively collected data from a large 
population and clearly showing nationwide survival and major morbidity rates in Korean 
VLBWIs according to GA. However, we could not analyze details such as risk factors for 
mortality and morbidity because the present study was based on data from the KNN annual 
reports. Moreover, regarding international network comparisons, there may be an actual 
difference for comparison because the data collected from the cohorts in other networks 
were not for the same years, rather were older than those of the KNN. Further studies are 
needed to clarify these differences.

Despite improvements in neonatal outcomes of VLBWIs during the last 20 years, survival and 
morbidity rates of more immature infants with GA 22–27 weeks need further improvement 
in Korea. Therefore, it would be necessary to develop more optimal treatment strategies and 
perform more active quality improvement to further improve neonatal outcomes of VLBWIs 
in Korea.
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