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Recently the Korean Neonatal Network (KNN) was established in order to enhance
treatment outcomes further through the registration of very-low-birth-weight infants
(VLBWI) data. The present study was conducted on 2,606 VLBWI, 2,386 registered and 220
un-registered, in the KNN participating centers, with the objective of reporting on recent
survival rates of VLBWI in Korea and verifying the changing trends in survival rates with
data from the 1960s and beyond. The study also aimed to compare the premature infants'
survival rate in Korea with those reported in neonatal networks of other countries. The
recent survival rate of VLBWI increased more than twice from 35.6% in the 1960s to
84.8%, and the survival rate of the extremely low birth weight infants (ELBWI) increased
by more than 10 times, indicating improvement of the survival rate in premature infants
with lower birth weight and gestational age. Comparison of VLBWI between countries
showed improved survival rates according to each birth weight group in Canada, Australia-
New Zealand, and European countries with Japan at the head, but in terms of comparison
based on gestational age, differences, except for Japan, have been reduced. Efforts to
increase the survival rate of premature infants in Korea with low birth rate are inevitable,
and they should be the foundation of academic and clinical development based on its
network with advanced countries.

Keywords: Infant, Newborn; Infant, Extremely Low Birth Weight; Mortality; Survival
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INTRODUCTION

Recently, the survival rate of high risk infants, especially prema-
ture infants has increased due to the use of antenatal steroids,
pulmonary surfactant treatment, and development of perinatal
health care such as respiratory and nutritional management (1-
4). Even in Korea, the survival rate of very-low-birth-weight in-
fants (VLBWI) has been reported to be constantly increasing in
the past half century (5-7). However, the crude birth rate is de-
creasing in Korea and the level of decrease became even greater
in the past years, with 1.19 per 1,000 fertile women of total fertil-
ity rate in 2013, marking the lowest in the world (8). At the same
time, births of low birth weight infants, premature infants, and
multiple births are increasing due to the increase of maternal
age from late marriage and development of assisted reproduc-
tive technology (9,10). In fact, VLBWI whose birth weight is low-
er than 1,500 g or extremely low birth weight infants (ELBWI)
whose birth weight is lower than 1,000 g require professional
and intensive care after birth in many cases, and still have high
mortality and morbidity despite such treatments (11,12). If they
do not receive proper treatment, it negatively affects them, their
families, and their countries economically and mentally for the
rest of their lives, and the relevant social costs also increase later
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on. Therefore, improvement of their treatment outcomes is an
important issue that Korea faces with the era of low birth rate.
Although U.S. and Japan exhibit relatively high crude birth rates
compared to Korea, they have recognized the importance of in-
tensive care for infants from early on, and are collecting data by
organizing a network centered on neonatal intensive care units
(NICU). By sharing network data obtained from such process-
es, they are attempting to achieve quality improvement (QI)
(13-15). Also in Korea, the Korean Society of Neonatology along
with Korea Center for Diseases Control and Prevention estab-
lished the Korean Neonatal Network (KNN) database based on
the web-based registration system for VLBWI, among those re-
ceiving inpatient treatment in NICUs, in order to improve the
survival rate of high risk infants and reduce major complica-
tions (16).

Therefore, we aimed to examine the current survival rate of
VLBWI in Korea during the hospitalization in the NICU accord-
ing to birth weight and gestational age, investigate the changes
in the survival rate of VLBWI and ELBWI previously reported in
Korea, and compare the VLBWI survival rate of Korea with those
from the networks of Japan, U.S., Canada, Australia-New Zea-
land, and European countries.
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MATERIALS AND METHODS

Data collection

In this study, in order to obtain the current survival rate of VLB-
WI in Korea based on the KNN database, data were obtained
from medical records of 2,386 VLBWIs who were born or trans-
ferred within 28 days from birth to 55 medical institutes partici-
pating in the KNN study with an agreement to KNN registration
and received treatment during the hospitalization at a NICU
from January 2013 to June 2014. In order to reduce skew of mor-
tality, the unregistered data of 220 patients who were admitted
to a NICU participating in the KNN study with only birth weight,
gestational age, and cause of death before discharge known
due to parent refusal, were added after the approval of institu-
tional review board, and a total of 2,606 VLBWIs were selected.
Infants who were stillborn or died before admission to NICUs
after birth were excluded from this study.

To examine the trend in survival rate of VLBWI in Korea, data
from 43 survival rate report analyses covering the years 1959 to
2011 (17,18) were used as the basis and then data were added
from subsequent nationwide investigations (5-7) and the cur-
rent KNN study. The data were classified based on a time win-
dow on a time according to the birth year and birth weight. Then,
the numbers of survival and mortality in VLBWI and ELBWI

were examined and were retrospectively and comparatively
analyzed (19). In addition, in order to accurately assess the trend
of survival rate changes in the recent 10 yr, data on NICU surviv-
al rates previously published in 2002 (10,814 cases), 2007 (8,739
cases), and 2009 (11,864 cases), when nationwide investigations
of NICU survival rates were conducted, were conducted (5-7),
were compared with KNN data (2,606 cases) obtained from this
study.

To compare the survival rate of VLBWIs between Korea and
other countries, recent annual reports of the national neonatal
networks of Japan, Canada, Australia-New Zealand, and Euro-
pean countries were used: Neonatal Research Network of Japan
(NRNJ, 2012, 5,214 cases) (20), Canadian Neonatal Network
(CNN, 2013, 2,876 cases) (21), Australia-New Zealand Neonatal
Network (ANZNN, 2012, 2,981 cases) (22) and European Neona-
tal Network (EuroNeoNet, 2012, 5,103 cases) (23). In the cases of
the U.S., data published in 2009 from Vermont Oxford Network
(VON, birth weight 501-1,500 g) for birth weight (11), and data
published in 2008-2011 from National Institute of Child Health
and Human Development Neonatal Research Network (NICHD,
gestational age 22-28 weeks) for gestational age were cited and
presented (1). Birth weight and gestational age reported from
each country were comparatively analyzed with Korea’s KNN
data for each section of birth weight and gestational age (Fig. 1).

KNN registered data
(2013.1.-2014.6.)
n=2,386
survival rate = 88.1%

KNN un-registered data
(2013.1.-2014.6.)
n=220
survival rate = 49.1%

Study population

born/transferred within 28 d from birth
55 hospitals participating in KNN
(2013.1.-2014.6.)
n = 2,606
survival rate = 84.8%

43 VLBWI mortality related reports*

(1959 - 2007)

Annual report of neonatal network

NRNJ, Japan (2012)
VON(2009), NICHD(2008 - 2011)
CNN, Canada (2013)

AZN, Australia (2012)

3 nationwide investigation of NICU
survival rate reports

2002 (n = 10,814)"
2007 (n = 8,739)¢

2009 (n = 11,864)° EuroNeoNet (2012)

Change of survival rate of VLBWI and
ELBWI in Korea
from 1960 to now

Current survival rate of
VLBWI in Korea

Table 1 Fig. 2

Rescent gestaional age specific
survival rate of VLBWI from
nationwide investigation in Korea

Comparison of recent VLBWI
survival rates between countries

Fig. 3, Table 2 Fig. 4, Table 3, Table 4

Fig. 1. Flow chart depicting the process of study. *Data acquisition from Kim et al., Korean J Pediatr 2008 (reference 17); fdata acquisition from Park et al., J Korean Soc Neo-
natol 2004 (reference 5); *data acquisition from Hahn et al., J Korean Soc Neonatol 2009 (reference 6); Sdata acquisition from Hahn et al., J Korean Med Sci 2011 (reference 7).
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Data analysis

For the survival rate trend of VLBWIs and ELBWIs in Korea, the
total number of survivors in VLBWIs and ELBWIs and the total
number of subjects were evenly distributed for each year ac-
cording to study period for the data collected from each of the
46 previously published reports. Here, KNN data from 2013 to
June 2014 were added, and the classified data were organized
with time parameters with 5 yr intervals for presentation of the
results. Thereby analyzed survival rate trend for each year with
5yr interval was presented, and the year which showed a statis-
tically significant difference in the survival rate compared to
that from late 1960s was obtained. Regression analysis was per-
formed for data from recent 10 yr when nationwide investiga-
tion on treatment outcomes was conducted, and after evaluat-
ing whether effects of the birth year and the gestational weeks
and their correlation were significant, survival rates for each
gestational age according to year was compared. Moreover, in
order to verify which gestation periods showed improved sur-
vival rates based on birth year, the differences in the survival
rates between adjacent gestation periods (e.g.; 23 weeks vs. 24
weeks, 24 weeks vs. 25 weeks) within the same birth year were
compared. For the comparative analysis between countries,
survival rate according to birth weight and gestational age ad-
dressed in the annual report of each country’s network were
compared with KNN data, and after evaluating whether the dif-
ferences between countries, statistical differences in each ges-
tational age and birth weight were compared to the KNN refer-
ence. In the case of the U.S,, as data on the number of survivals
and the total number could not be obtained, survival rate was
presented but statistical comparison could not be performed.

Statistical analysis

For group comparisons of survival rate from various sources of
summary data, generalized estimating equation (GEE) was con-
ducted to incorporate dependent structures of available data,
which were correlated within measurement periods. As well,
unlike the comparison of the independent experimental group
and the control group, survival rate data according to certain
period or birth weight/gestational age of each country are re-
peatedly-measured data and thereby show within-subject cor-
relation (24). If such a dependent structure within subjects are
ignored and the test is performed for each time point or section
to compare the means between the groups, information of chan-
ges within subjects are lost and the tests of multiple time points
are performed repeatedly, thereby causing the problem of mul-
tiple comparison in which type I error increases. Therefore in
this study, the survival rate of each group was compared using
a generalized estimating equation, which is a regression analy-
sis method for categorical outcomes considering within-subject
correlation (25), and examined whether there were differences
in the survival rate based on birth year, birth weight, and gesta-
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tional age in Korea, and further analyzed the difference in the
survival rates based on birth weight and gestational age between
different countries. Pvalue < 0.05was defined as statistical sig-
nificance, and significance was adjusted with the number of
tests when a multiple test was needed. Statistical analyses were
performed using SAS (version 9.4, SAS Institute, Cary, NC) pro-
gram.

Ethics statement

The KNN registry was approved by the institutional review board
at each participating hospital and informed consent was ob-
tained from the parents at enrollment by the NICUs participat-
ing in KNN.

RESULTS

Current survival rate of VLBWI in Korea, 2013-2014. 6.
According to KNN data, the survival rate of VLBWI in Korea from
January 2013 to June 2014 based on the point of discharge from
the NICU was 84.8% (88.1% in KNN registered, 49.1% in un-re-
gistered), and the survival rate of ELBWI was 69.6% (76.3% in
KNN registered, 19.8% in un-registered). When classified ac-
cording to the gestational age, the survival rate was 13.8% at 22
weeks, 59.6% at 24 weeks, 70.4% at 25 weeks, and over 90% after
29 weeks (Table 1). The survival rate was higher as birth weight
and gestational age increased, and more than two-thirds of the
premature infants survived whose birth weight was higher than
700g and gestational age more than 25 weeks.

Changes of survival rate of VLBWI and ELBWI in Korea
from 1960s to now

The survival rate of premature infants in Korea according to
time showed a constant increase as shown in Fig. 2. From the
analysis period from 1959 to June 2014 with 5 yr intervals, the
VLBWI survival rate showed an increase up to 84.8% recently
after a rapid increase from 35.6% in the early 1960s to 51.3% in
the early 1990s. The ELBWI survival rate showed even more
rapid improvement at 69.6% recently after a gradual increase
from 6.5% in the 1960s to 26% in the early 1990s, showing marked
improvement of survival rate within the same period compared
to VLBWI. When a statistical difference in the survival rate ac-
cording to each period with 5 yr intervals was analyzed based
on the survival rate of the 1960s, in the early stage of the study,
both VLBWI and EBLWI showed significantly rapid improve-
ment of survival rate from the early 1990s (P = 0.05 for VLBWI,
P =0.013 for ELBWI).

Changes of recent survival rate of VLBWI and ELBWI from
nationwide investigation

Three sets of data from 2002, 2007, and 2009, when nationwide
investigation of VLBWI survival rate against total NICUs was con-
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Table 1. Neonatal survival rates of very-low-birth-weight infants (VLBWI) and extremely low birth weight infants (ELBWI) in the Korea by the 2013-2014. 6. Korean Neonatal

Network
Birth weight (g) No* (A) No of live" (B)  Survival rate (B/A) (%) Gestational age (week) No* (A) No of live' (B) Survival rate (B/A) (%)
<400 15 5 333 21 6 0 0.0
400-499 55 22 40.0 22 29 4 13.8
500-599 119 56 47.1 23 107 44 411
600-699 146 90 61.6 24 156 93 59.6
700-799 220 151 68.6 25 226 159 70.4
800-899 222 182 82.0 26 229 181 79.0
900-999 267 221 82.8 27 276 238 86.2
1,000-1,099 258 237 91.9 28 332 297 89.5
1,100-1,199 252 236 937 29 332 314 94.6
1,200-1,299 303 281 92.7 30 273 255 93.4
1,300-1,399 375 363 96.8 31 234 228 97.4
1,400-1,499 374 366 97.9 32 127 123 96.9
Total 2,606 2,210 84.8 33 120 117 97.5
34 75 74 98.7
35 57 56 98.2
ELBWI 1,044 727 69.6 > 36 27 27 100.0
VLBWI 2,606 2,210 84.8 Total 2,606 2,210 84.8

*Total number of admission in neonatal intensive care units (NICUs): 2,386 data-locked cases + 220 unregistered cases = 2,606 cases; "Number of survived infants at time of

discharge from NICU.
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—a— ELBWI

70
60
50
40
30
20
10

0

Neonatal survival rate (%)"

Fig. 2. Changes of neonatal survival rates for very-low-birth-weight infants (VLBWI)
and extremely low birth weight infants (ELBWI) in Korea (1960-2014. 6.). *P < 0.05
vs. late 1960s; P < 0.001 vs. late 1960s; *P < 0.05 vs. late 1960s; P < 0.001 vs.
late 1960s; "data acquisition from Kim et al., Korean J Pediatr 2008 (reference 17);
Park et al., J Korean Soc Neonatol 2004 (reference 5); Hahn et al., J Korean Soc Neo-
natol 2009 (reference 6) and Hahn et al., J Korean Med Sci 2011 (reference 7). ELB-
WI, extremely low birth weight infants; VLBWI, very-low-birth-weight infants.

ducted in Korea, and recent survival data of premature infants
obtained from January 2013 to June 2014 through KNN data were
classified according to gestational age to compare the changes
of recent survival rate. Generalized estimating equation analy-
sis of repeatedly measured data for gestational age according to
time showed a significant difference in the corresponding year
and gestational age (P < 0.001), and significant interaction be-
tween the year and gestational age (P < 0.026). Because such
interaction indicates changes of survival rate in each gestational

S$28  http://jkms.org
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Fig. 3. Changes of neonatal survival rates by gestational period in Korea (2002-2014.
6). *P < 0.015, 2007 vs. 2002; TP < 0.015, 2009 vs. 2002; *P < 0.015, 2013-2016.6
vs. 2002; Sdata acquisition from Park et al., J Korean Soc Neonatol 2004 (reference
5); 'data acquisition from Hahn et al., J Korean Soc Neonatol 2009 (reference 6); "data
acquisition from Hahn et al., J Korean Med Sci 2011 (reference 7).

age according to time parameters, multiple comparisons of sur-
vival rates in each gestational stage according to each year was
performed. When type I error was adjusted with the number of
tests and compared, survival rate of premature infants with ges-
tational age lower than 29 weeks in 2002, when the annual na-
tionwide investigation first began, was lower than the survival
rates of three investigated later (P < 0.002). There were no dif-
ferences in the survival rate in each gestational age in 2007, 2009,
and between 2013 to June 2014 (Fig. 3). When the survival rate
was compared among years by paring with the contiguous ges-
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Table 2. Comparison of neonatal survival rates of very-low-birth-weight infants (VLBWI) between adjacent gestational age in Korea

2002* 20077 2009* 2013-2014.6.8
GA week
SR (%) N P SR (%) N SR (%) N P SR (%) N P

<23 3.4 (58) 19.0 (42) 28.6 (84) 33.8 (142)

0.009 0.007 < 0.001 < 0.001
24 21.3 (80) 44.0 (84) 59.3 (123) 59.6 (156)

0.000 0.005 0.064 0.030
25 49.1 (116) 63.3 (139) 69.4 (206) 70.4 (226)

0.082 0.004 0.038 0.037
26 59.4 (180) 77.8 (207) 78.0 (254) 79.0 (229)

0.006 0.558 0.012 0.033
27 72.7 (216) 80.0 (260) 86.1 (310) 86.2 (276)

0.101 0.011 0.036 0.224
28 79.0 (290) 88.0 (284) 91.2 (386) 89.5 (332

0.003 0.001 0.157 0.067
29 87.6 (355) 95.3 (341) 93.8 (450) 94.6 (332

0.002 0.980 0.898 0.545
30 93.8 (484) 95.3 (444) 93.6 (545) 93.4 (273)

0.262 0.288 0.004 0.040
31 95.4 (582) 96.7 (478) 97.1 (715) 97.4 (234)

0.946 0.689 0.132 0.747
>32 95.3 (678) 97.1 (715) 98.2 (941) 96.9 (127)

*Data acquisition from Park et al., J Korean Soc Neonatol 2004 (reference 5); data acquisition from Hahn et al., J Korean Soc Neonatol 2009 (reference 6); *data acquisition from
Hahn et al., J Korean Med Sci 2011 (reference 7); Scurrent KNN study. GA, gestational age; SR, survival rate.

tational age of the corresponding year, difference in the survival
rate according to gestational age was statistically significant be-
tween contiguous gestational ages under 30 weeks in 2002, under
29 weeks in 2007, under 28 weeks in 2009, and under 27 weeks
from 2013 to June 2014, and this shows that improvement in
the survival rate was observed at younger gestational age over
time (Table 2).

Comparison of recent VLBWI and ELBWI survival rates
between countries

When the difference of survival rates in each country was com-
pared according to birth weight, total survival rates of VLBWI
were 93.8% (4,892/5,214), 90.2% (2,593/2,872), 92.2% (2,749/
2,981) and 89.4% (4,562/5,103) in Japan, Canada, Australia-New
Zealand, and European countries, respectively, which were high-
er than 84.8% of Korea. Their survival rates of ELBWI were also
higher than that of Korea (Japan 89.4%, Canada 79.6%, Austra-
lia-New Zealand 83.3%, and European countries 78.2% vs. Ko-
rea 69.6%, Fig. 4). When the survival rates were compared ac-
cording to each section of birth weight, survival rates of 500-
1,000 g in Australia-New Zealand and Europe were higher than
that of Korea, but there was no difference in the survival rate for
groups below 500 g and over 1,000 g. Survival rates in all sec-
tions of birth weight lower than 1,200 g in Japan and lower than
1,250 g in Canada were higher than that of Korea, and especially
in Japan, survival rates in all sections with birth weight below
1,000 g were markedly higher than that of Korea (Table 3). How-
ever, when survival rates of these countries and Korea were com-
pared according to gestational age, it showed a different trend

http://dx.doi.org/10.3346/jkms.2015.30.51.525

m ELBWI O VLBWI
100 * * * *
93.8 92.2
89.4 90.2 * 89.4
90 I 84.8 * 83.3 *
g0 L 80.6 79.6 78.2
9
@ 70 65.3
S
= 60
=
>
= 50
w
s 40
&
s 30
(<5}
=
20
10
0 |
KNN NRNJ VON CNN AZN EuroNeonNet
(2013 -2014.6) (2012) (2009) (2013) (2012) (2012)

Fig. 4. Comparison of neonatal survival rate in Korea, Japan, Europe, Canada, and
Autralia-New Zealand by very-low-birth-weight infants (VLBWI) and extremely low
birth weight infants (ELBWI). *P < 0.05 comparison to the KNN reference birth weight
specific survival rates. KNN, Korean Neonatal Network; NRNJ, Neonatal Research
Network of Japan (reference 20); NICHD, National Institute of Child Health and Hu-
man Development Neonatal Research Network (U.S., reference 11); CNN, Canadian
Neonatal Network (reference 21); AZN, Australia-New Zealand Neonatal Network (ref-
erence 22); EuroNeoNet, European Neonatal Network (reference 23); ELBWI, extremely
low birth weight infants; VLWBI, very-low-birth-weight infants.

from the differences in the survival rate according to birth weight.
In all countries except for Japan, differences in the survival rate
with that of Korea decreased. Survival rates for 23 weeks and
less, which is considered as a week for limited survival in most
countries, showed no difference between Korea and all coun-
tries except for Japan. Most countries including Korea showed
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Table 3. Comparison of survival rates according to birth weight for very-low-birth-weight infants (VLBWI) in networks from Korea, Japan, USA, Canada, Australia-New Zealand
and European countries

KNN NRNJ KNN VON CNN AZN EuroNeoNet

Birth weight (g) Birth weight (g)

2013-2014. 6. 2012 2013-2014. 6. 2009 2013 2012 2012
<500 38.6 69.4" <500 38.6 61.1* 47.4 34.2
500-599 471 81.6" 500-749 58.3 63.4 69.6" 7411 65.0*
600-699 61.6 87.9"
700-799 68.6 92.2
800-899 82.0 94.9 750-999 80.7 88.3 87.3* 90.2 88.5"
900-999 82.8 96.7°
1,000-1,099 91.9 94.8 1,000-1,249 92.6 94.3 95.1* 97.11 93.4
1,100-1,199 93.7 97.2*
1,200-1,299 92.7 98.17
1,300-1,399 96.8 97.6 1,250-1,499 96.7 96.5 98.4* 97.4 97.4
1,400-1,499 97.9 97.4
ELWBI 69.6 89.41 65.3 79.61 83.3 78.2¢
VLBWI 84.8 93.8" 80.6 90.2¢ 92.2f 89.41

*P < 0.05 comparison to the KNN reference birth weight specific survival rates; TP < 0.001 comparison to the KNN reference birth weight specific survival rates. ELBWI; ex-
tremely low birth weight infants, VLWBI; very-low-birth-weight infants, KNN; Korean Neonatal Network, NRNJ; Neonatal Research Network of Japan (reference 20), VON; Ver-
mont Oxford Network (reference 11), CNN; Canadian Neonatal Network (reference 21), AZN; Australia-New Zealand Neonatal Network (reference 22), EuroNeoNet; European
Neonatal Network (reference 23).

Table 4. Comparison of neonatal survival rate according to gestational age for very-low-birth-weight infants in 6 networks form Korea, USA, Canada, Australian-New Zealand,
and Europe countries

o KNN NRNJ NICHD CNN AZN - KNN EuroNeonNet
2013-2014. 6. 2012 2008-2011 2013 2012 2013-2014. 6. 2012

22 11.4 55.3 5.2 25.0 <23 33.8 20.8

23 411 738 30.9 51.3 50.0

24 59.6 84.21 61 67.5 70.3 24-25 66.0 63.2

25 70.4 93.3 75.7 78.9 79.9%

26 79.0 94.6 83.2 85.4 92.3 26-27 83.0 86.2

27 86.2 95.6 89 92.4 92.9°

28 89.5 97.0" 93.5 94.2 94.7* 28-29 92.0 94.4*

29 94.6 96.8 96.5 95.8

30 93.4 9741 98.2 98.71 30-31 95.3 96.9

31 97.4 98.0 98.8 98.0

> 32 97.8 95.8 98.7 97.6 >32 97.8 98.1

22-28 weeks 4.7 90.6" 74.4 83.91 87.3

Total 84.8 93.8 929" 95.2 84.8 904

*P < 0.05 comparison to the KNN reference birth weight specific survival rates; P < 0.001 comparison to the KNN reference birth weight specific survival rates. GA, gesta-
tional age, KNN; Korean Neonatal Network, NRNJ; Neonatal Research Network of Japan (reference 20), NICHD; National Institute of Child Health and Human Development Neo-
natal Research Network (U.S. (reference 1), CNN; Canadian Neonatal Network (reference 21), AZN; Australia-New Zealand Neonatal Network (reference 22), EuroNeoNet; Euro-
pean Neonatal Network (reference 23).

60%-70% survival rate for 24-25 weeks while Japan showed a
more than 80% survival rate. The survival rate of Japan showed
a tendency to be maintained higher than the survival rates of
other countries according to gestational age up to 28 weeks (Ta-
ble 4).

DISCUSSION

According to our current KNN study, the latest VLBWI and EL-
BWI survival rates until NICU discharge in South Korea were
84.8% and 69.6%, respectively, indicating clear improvements
(approximately two- and ten-fold, respectively) over the past
half century. These improved premature infant survival rates

S30  http://jkms.org

from Korea are approaching those of the United States, Canada,
Australia, and the European Union but are still far from those of
Japan, which exhibits best-in-the-world treatment outcomes.
In Korea, where modernized premature infant treatments start-
ed later than in other countries, there has been a pattern of low
survival rates from the 1960s and gradually increasing until the
1980s, then showing dramatic increase in the 1990s that contin-
ued until the late 2000s and plateauing in the 2010s. These re-
sults are similar to those of a previous study by Kim et al. (17),
who reported that improvements in survival rates of premature
infants in Korea were dramatic during the early 1990s, and stu-
dies from the United States and Canada reporting that contin-
ued improvements in VLBWI survival rates were no longer seen
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after the 2000s (3,4,26). Actually, confirming the age-based sur-
vival rates according to previously published reports without
collecting continuous treatment outcome data can create a sig-
nificant amount of errors (3,13,14,27-29). Particularly in Korea,
nationwide surveys on premature infant survival rates prior to
the 2000s did not exist, and mostly treatment outcomes from
single institutes (including four multi-center studies) of varying
sizes and levels had been reported with some overlapping sur-
vey periods. Previous papers on survival rate trends simply di-
vided the total number and the survival number of VLBWI and
ELBWI reported by each institute into five-year intervals and
compared them narratively (17,30). However, this method can
created problems of having overlapping durations between in-
dividual studies and ignoring effect size. The present study used
the number of premature infant participants and survivors re-
ported in the study by Kim et al. (17) as the basis and added data
from reports published thereafter (5-7,18) and the current KNN
study for our analysis. The number of participants and survi-
vors between each study was divided into the study duration
and evenly distributed to the corresponding study year. The data
evenly distributed by each year were summed according to se-
quential year order from 1960 to 2014, spanning the entire sur-
vey period for considering the effect size (19). Then, the data
were organized by time variables of five-year increments, re-
solving the above mentioned problems and enabling more ac-
curate statistical analysis. The dramatic increases in survival rates
in the early 1990s in Korea that were analyzed in this manner
were consistent with the timing of when Korea first began using
surfactants while the number of hospitals with neonatal inten-
sive care units equipped with incubators and artificial ventila-
tors slowly increased (31). It is believed that the establishment
of the Korean Society of Neonatology, the Korean government’s
expansion of support programs for premature infants, the emer-
gence of large level III units as in developed countries, and na-
tion-wide expansion of systematic education of neonatal car-
diopulmonary resuscitation played significant roles in the dra-
matic increases in survival rates from the 1990s to today (31).
We confirmed that improvements in survival rates at gesta-
tional age below 29 weeks were mainly made in 2007 by per-
forming multiple comparisons by year on three nation-wide
surveys on premature infant survival rates performed in the
most recent 10 yr and the survival rates per gestational age from
this KNN study. Moreover, GEE statistics revealed a statistical
significance in the corresponding year and gestational age, and
significant interaction between the year and gestational age (Fig.
3). As a result of confirming the gestational age (statistical dif-
ferences between adjacent gestational ages) in which survival
rates improved for each survey year, improved survival rates
were found in gestational ages of 30 weeks in 2002, 29 weeks in
2007, 28 weeks in 2009, and 27 weeks in 2013-June 2014, sug-
gesting that survival rates in extremely premature infants are
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continuing to show increases in Korea, albeit slowly. This find-
ing was in accord with the study by Kusuda et al., who reported
that mortality rates for gestational age 28 weeks or higher were
already sufficiently reduced and that more efforts should be
made in the future for survival of smaller and more premature
infants with threshold viability (32). The same study reported
that survival rates of premature infants with marginal viability
increased between 2003 and 2008 in Japan through a constant
attitude of resuscitation. It can be inferred from the increases in
the numbers and rates of registered premature infants under 28
weeks in the three nationwide retrospective studies and within
the study period of the current KNN study that aggressive treat-
ment of younger and smaller infants is also being attempted in
Korea, just as in Japan (Table 2).

Although most countries have reported recent improvements
in premature infant survival rates (1-4), there are still discrep-
ancies in the survival rates between the countries, which appear
prominently between developed and developing countries but
also exist among developed countries (13-15,32-35). Therefore,
comparing the differences in premature infant survival rates
between countries and analyzing the possible causes are very
meaningful and significant. However, the presence of confound-
ing factors must be considered when comparing survival rates
between countries or regions (27,28). These confounding fac-
tors include not only the biomedical domains like premature
infant enrollment rate and inclusion criteria but also social do-
mains, such as racial, economic, and political differences (37).
In order to reduce these confounding factors, the current 2013-
June 2014 KNN study prospectively collected data by matching
the inclusion/exclusion criteria from other countries’ networks
as much as possible (20-23). Moreover, in order to reduce the
distortion in the mortality rates, analysis included de-identified
data of 220 VLBWI patients who received in-hospital treatments
in the KNN participating NICU but whose guardians did not
consent to participation in the study (early death was the most
common reason for the non-consent, because of which the sur-
vival rates of these 220 VLBWI patients was low at 49.1% while
ELBWI was 19.8%). In the present study, the survival rates of
VLBWI and ELBWI in Korea were marginally lower than in most
countries with which statistical comparison was possible, with
the exception of the United States. Further comparisons by di-
viding them into more detailed birth weight groups showed that
these differences can be attributed to survival rates of smaller
infants below 1,000 g. However, it was discovered that compar-
ing the survival rates between countries based on gestational
age showed reduced differences in the survival rates, with the
exception of Japan. Analysis of survival rates by gestational age
compares birth weight-specific data to reduce the skewing caus-
ed by more mature infants based on growth restriction and is
known to have the advantage of providing the doctors and par-
ents with appropriate information before measuring the weight
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prior to birth (2,3,33). As found from this comparison of the
survival rate through the network data of developed countries,
the reduced difference in the survival rate according to gesta-
tional age compared to that according to birth weight, but it
was not analyzed in this study due to limited data whether it
was because Korea had fewer cases of small for gestational age
infants that had lower birth weight but somewhat more matured
or because statistical power dropped due to division into small-
er segments than that for birth weight. However, considering
the fact that current comparative studies on premature infant
survival rates regard gestational age to be more important than
birth weight (33,36), the small differences in survival rates based
on gestation between countries appeared to be a more favor-
able outcome. In the present study, statistical comparison with
the United States was not possible since only the survival rates
and not the number of registered infants for both birth weight
and gestational age were used, but the overall survival rate was
low. However, Rossen et al’s report (38) that there was a major
difference in survival rates between Caucasians and African
Americans stemming from socioeconomic and racial differ-
ences points out the need for future comparisons of racial and
socioeconomic differences with more detailed network data.
Another interesting fact not listed in the table is that, among
VLBWI, the rate of gestational age below 25 weeks was higher
in Japan and Korea than in Canada and Australia. According to
international comparative studies after 2000, treatment appro-
aches for extremely premature infants can be divided into com-
fort (palliative) and active (intensive) care (36). The studies also
reported that attempting active management on those exhibit-
ing marginal viability resulted in increased survival rates and
reduced the complication rates in infants with higher gestation-
al ages, and continuing such effort also increased the survival
rates of lower gestational ages (2,36). Considering that Japan,
an exemplary country that has implemented active care for ex-
tremely premature infants, actually has the best treatment out-
comes in the world, the fact that the rate of extreme premature
infants being treated in Korea is high is an encouraging sign for
future improvements of their survival rates. Moreover, in the
case of Japan with the highest survival rate of premature infants
in international comparative studies, all-out governmental sup-
port has been reported with government-supported special
care for premature infants starting from 1958 followed by im-
plementation of government support and localization of peri-
natal care in 1979. Moreover, a maternal-fetal ICU started oper-
ating by 1984 and it was expanded to tertiary central perinatal
care centers and secondary regional perinatal care centers; more-
over, and from 1996 onwards, networks were combined for each
prefecture (33). As of 2012, when an annual report was publish-
ed, there were 92 tertiary central perinatal care centers and 284
regional perinatal care centers (20), and the outstanding peri-
natal care system that covers the entire country is believed to be
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related to maintaining good treatment outcomes.

There are some limitations in the present study. First, since it
was a retrospective study using published reports that did not
include current survival rates in Korea (KNN 2013-June 2014),
there may be several confounding factors. In particular, since
the survival rates prior to 2000 came from individual institutes
that were large hospitals with good treatment outcomes, it is
possible that the national survival rates at the time could have
been lower than reported. Moreover, because “pre-viable” was
not defined, data on stillbirth and miscarriage from each coun-
try were missing, and there were differences in the criteria for
applying resuscitation during child delivery. Furthermore, the
present study did not compare morbidity even though a report
on quality improvement of neonatal care indicated that treat-
ment outcomes should be accompanied by investigations on
complications or morbidity since improved survival rates in ex-
treme premature infants can lead to increased medical costs
due to increased morbidity (2,36,39). However, Japan, which
exhibits the best-in-the-world premature infant treatment out-
comes despite having a low birth rate similar to that in Korea,
has been able to maintain its current low levels of neurological
complications such as intraventricular hemorrhage and peri-
ventricular leukomalacia, by regularly performing resuscitation
and treating premature infants between gestational ages of 22
and 24 weeks, this provides us with significant implications (15,
40).

Korea now has its own neonatal network that accumulates
and provides accurate data on premature infants representative
on a national level, similar to the Vermont Oxford Network or
NICHD in the United States, Neonatal Research Network in Ja-
pan, and Canadian Neonatal Network in Canada. This network
made possible investigation of survival rates as well as short-
and long-term complications in premature infants. Further-
more, it was confirmed through the current KNN data (along
with previously published data) that the survival rates of pre-
mature infants in Korea is continuing to increase and getting
close to those from other developed countries. Moving forward,
efforts will be necessary to continue accumulation of data throu-
gh the Korean network and to share and analyze the data ob-
tained with data from networks of other developed countries so
that better treatment approaches can be chosen and quality im-
provements can be made to bring treatment outcomes in pre-
mature infants a step higher.
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