ORIGINAL ARTICLE

Pediatrics

TKMS

http://dx.doi.org/10.3346/jkms.2012.27.8.914 = J Korean Med Sci 2012, 27: 914-921

Incidence of Bronchopulmonary Dysplasia in Korea

Chang Won Choi'?, Beyong Il Kim'?,
Ee-Kyung Kim?, Eun Song Song?*,
and Jung-Ju Lee?

A nationwide survey was conducted to determine the incidence of bronchopulmonary
dysplasia (BPD) in Korea and the intercenter differences in survival and BPD rates among
preterm infants. Questionnaires were sent to all registered neonatal intensive care units

(NICUs). The questionnaires inquired about the survival and BPD rates of very low birth
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INTRODUCTION

Recently, the quality of neonatal care in Korea has improved
remarkably. The survival rate of very low birth weight (VLBW,
< 1,500 g) infants has increased from 78% in 2002 to 86% in
2009. The survival rate of extremely low birth weight (ELBW,
< 1,000 g) infants has also increased from 56% in 2002 to 72%
in 2009 (1).

The improved survival of VLBW infants has presumably led
to the increased occurrence of bronchopulmonary dysplasia
(BPD). The incidence of BPD differs considerably from center
to center and from country to country (2-4). Until recently, the
incidence of BPD in Korea has been reported only by single-cen-
ter, single area, or small multicenter studies (5-7). When BPD
was defined as the need for oxygen at 36 weeks’ postmenstrual
age (PMA), these studies reported BPD incidences from 10% to
39%. These BPD incidences from small-scale studies do not rep-
resent the actual overall incidence of BPD in Korea. The need
for a nationwide survey to determine the overall incidence of
BPD in Korea has therefore been raised for planning national
health policies for perinatal and neonatal health care services.
Information about the nationwide BPD incidence in Korea is
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weight (VLBW, < 1,500 g) infants who had been admitted to each NICU from 2007 to
2008. BPD was defined as requiring oxygen at 36 weeks' postmenstrual age. Almost all
level Il NICUs replied. During the study period, 3,841 VLBW infants were born in the NICUs
that responded to the survey. The survival rate was 81% and the BPD rate was 18%.
Combined outcome of BPD or death rate was 37%. The BPD rate and combined outcome
of BPD or death rate varied considerably from 5% to 50% and 11% to 73%, respectively
across the centers. There was no significant correlation between the survival rate and the
BPD rate across the centers. In conclusion, the incidence of BPD among VLBW infants in
Korea during the study period was 18%, and a considerable intercenter difference in BPD
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also necessary for academic exchanges with other international
neonatology researchers and practitioners. For these purposes,
the Statistical Research Committee of the Korean Society of
Neonatology performed a nationwide survey of the incidence
of BPD. The survey’s objectives were to determine 1) the inci-
dence of BPD in Korea, 2) the intercenter differences in survival
rates and BPD rates among preterm infants, and 3) the clinical
characteristics of BPD, based on disease severity.

MATERIALS AND METHODS

The survey questionnaires were sent to all 77 Korean hospitals
with a registered neonatal intensive care unit (NICU). The sur-
veys were mailed in April 2009 and collected three months later.
The study subjects were VLBW infants with a birth weight of less
than 1,500 g and preterm infants born before 32 weeks’ gesta-
tional age (GA) who were admitted to each NICU during the
two-year period between January 2007 and December 2008. In
cases for which a preterm infant was transferred from his/her
birth hospital to another hospital (e.g., for surgery) and two ques-
tionnaires were returned for a single preterm infant, the data
from the two questionnaires were combined into a single entry.
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Only patient data collected during the initial admission was re-
quested. We did not collect information about subsequent ad-
missions.

The questionnaires consisted of two parts. The first part was
a patient census for each NICU, and the second part was a de-
mographic and clinical information sheet for each BPD patient.
The patient census included total admissions, total deaths, total
BPD occurrences, and total BPD deaths (total number of deaths
among BPD patients) by birth weight and GA during the study
period. The demographic and clinical information sheet includ-
ed the hospital’s name, the coded patient number, GA, as de-
termined as the best obstetric estimate using ultrasound and/
or the date of the mother’s last menstrual period, birth weight,
birth hospital, sex, multiplicity, the cause of preterm delivery,
the presence of chorioamnionitis, antenatal steroids used, re-
spiratory distress syndrome (RDS), the number of surfactant
replacement treatments, patent ductus arteriosus (PDA), the
use of prostaglandin synthase inhibitors, the outcome of PDA,
the duration of mechanical ventilation, the nasal continuous
positive airway pressure (NCPAP) and oxygen supplementation,
BPD disease severity (mild/moderate/severe), pulmonary hy-
pertension, other comorbidities, medications administered for
BPD, the patient’s outcome, and length of hospital stay. The data
were entered into a computer using a spreadsheet program and
subsequently analyzed.

BPD was defined and graded using the National Institute of
Child Health and Human Development (NICHD) consensus
definition (8). Mild BPD was defined as the need for supplemen-
tal oxygen at or beyond 28 days but not at 36 weeks’ PMA; mod-
erate BPD was defined as the need for supplemental oxygen at
28 days, in addition to supplemental oxygen at FiO, at or below
0.30 at 36 weeks' PMA; and severe BPD was defined as the need
for supplemental oxygen at 28 days and, at 36 weeks’ PMA, the
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need for mechanical ventilation and/or FiO. above 0.30. RDS
was defined clinically; only patients who received surfactant
were considered to have RDS. During the study period, most
cases of surfactant replacement therapy were therapeutic. Pro-
phylactic use of surfactant was minimally practiced in the coun-
try during that period. PDA was diagnosed with an echocardio-
gram; the questionnaire asked whether the PDA was hemody-
namically significant. Pulmonary hypertension was diagnosed
clinically and/or echocardiographically.

Statistical analyses were performed using PASW Statistics 17.0.
The trends of the individual demographic and clinical charac-
teristics with increasing severity of BPD were tested using the
Jonckheere-Terpstra test for continuous variables, and categori-
cal variables were tested using linear by linear association. Sta-
tistical significance was defined as P < 0.05.

Ethics statement

The collection of these data was approved by the Institutional
Review Boards of the individual centers that required ethical
approval for retrospective medical record review (B-1107-132-
105). In all of the participating centers, informed parental con-
sent was waived due to retrospective nature of this study.

RESULTS

Patient census

Fifty-two of 77 centers responded to the questionnaires. Based
on the number of NICU beds, the response rate was 70% (935 of
1,332 beds). Nonreplies to the survey questionnaires were most-
ly from level I or II centers. Nearly all the level I1I centers replied
to the questionnaires. During the study period, 3,841 VLBW in-
fants were born and admitted to the NICUs that replied. Among
these infants, 81% (3,117 infants) survived. The incidence of BPD,
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Fig. 1. The survival rates, overall incidences of bronchopulmonary dysplasia (BPD) of varying diagnostic criteria, combined outcome of BPD or death rates, and mortality rates
from BPD. (A) For very low birth weight infants born with a birth weight less than 1,500 g. (B) For preterm infants born before 32 weeks’ gestational age. The severity of BPD
was defined according to the National Institute of Child Health and Human Development (NICHD) consensus definition (8). Survival, survival rate; BPD, bronchopulmonary dys-
plasia; PMW, postmenstrual weeks; PND, postnatal days; BPD or death, combined outcome of BPD or death; NICHD 1997-2002, the incidence of BPD in the National Institute

of Child Health and Human Development (NICHD) Neonatal Network 1997-2002 data.
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defined as needing oxygen at 36 weeks’ PMA in VLBW infants
was 18% (685 of 3,841 infants). Combined outcome of BPD or
death rate among VLBW infants was 37%. Among the 4,312 pre-
term infants born before 32 weeks’ GA, BPD occurred in 16%
(692 infants of 4,312 infants). Combined outcome of BPD or death
rate among preterm infants born before 32 weeks’ GA was 33%.
Among the 685 VLBW infants with BPD, 114 infants (17%) died;
among the 692 preterm infants born before 32 weeks’ GA, 112
infants (16%) died (Fig. 1).

The incidence of BPD by birth weight and gestational age
The incidence of BPD was 18% at less than 500 g, 33% at 500 to
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749 g, 30% at 750 to 999 g, 14% at 1,000 to 1,249 g, and 6% at 1,250
to 1,499 g. The survival rates at each birth weight range were 22%,
51%, 71%, 89%, and 95%, respectively. Combined outcome of
BPD or death rate was 98% at less than 500 g, 82% at 500 to 749 g,
58% at 750 to 999 g, 27% at 1,000 to 1,249 g, and 10% at 1,250 to
1,499 g. The incidence of BPD in NICHD Neonatal Network cen-
ters between 1997 and 2002 was higher than ours in the 500 to
749 g, 750 t0 999 g, and 1,000 to 1,249 g weight ranges. At 1,250 to
1,499 g, our BPD incidence was higher (Fig. 2A). Based on GA,
the BPD incidence was 23% at 23 postmenstrual weeks (PMW),
34% at 24 PMW, 39% at 25 PMW, 30% at 26 PMW, 29% at 27
PMW, 19% at 28 PMW, 10% at 29 PMW, 4% at 30 PMW, and 3%
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Fig. 2. Birth weight and gestational age-specific survival rates, bronchopulmonary dysplasia (BPD) rates, combined outcome of BPD or death rates, and mortality rates from
BPD. (A) For very low birth weight infants with a birth weight less than 1,500 g. (B) For preterm infants born before 32 weeks’ gestational age. The severity of BPD was defined
according to the National Institute of Child Health and Human Development (NICHD) consensus definition (8). Survival, survival rate; BPD, bronchopulmonary dysplasia; PMW,
postmenstrual weeks; BPD or Death, combined outcome of BPD or death rate; NICHD 1997-2002, the incidence of BPD in the National Institute of Child Health and Human
Development (NICHD) Neonatal Network 1997-2002 data.
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Fig. 3. The proportions of the severity of bronchopulmonary dysplasia (BPD) according to birth weight and gestational age. (A) For very low birth weight infants with a birth weight
less than 1,500 g. (B) For preterm infants born before 32 weeks’ gestational age. The severity of BPD was defined according to the National Institute of Child Health and Human
Development (NICHD) consensus definition (8).
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at 31 PMW. The survival rates for each gestational age were 26%,
51%, 55%, 69%, 77%, 87%, 93%, 93%, and 96%, respectively. Com-
bined outcome of BPD or death rate was 96% at 23 PMW, 82%
at 24 PMW, 85% at 25 PMW, 61% at 26 PMW, 51% at 27 PMW,
32% at 28 PMW, 17% at 29 PMW, 11% at 30 PMW, and 6% at 31
PMW (Fig. 2B).

The proportion of the severity of BPD varied with increasing
birth weight and GA. Generally as birth weight and GA increased,
severe and moderate BPD decreased while mild BPD increased.
Notably, severe BPD began to increase again in infants in the
1,000 to 1,249 g birth weight range or at 28 PMW (Fig. 3).

Overall, the incidence of BPD was 18% in VLBW infants and
16% in preterm infants born before 32 weeks’ GA. The NICHD
Neonatal Network data reported a 23% BPD rate in VLBW in-
fants, which is higher than ours. The mortality rate of the pre-
term infants with BPD was 17% for VLBW infants and 16% for
preterm infants born before 32 weeks’ GA. Combined outcome
of BPD or death rate was 37% for VLBW infants and 33% for pre-
term infants born before 32 weeks’ GA (Fig. 1).

Intercenter differences in survival rate, BPD rate, and BPD
mortality

The survival rate, BPD rate, combined outcome of BPD or death
rate and BPD mortality of the VLBW infant subjects differed
greatly between the centers. In particular, the BPD rate varied
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from 5% to 50% and combined outcome of BPD or death rate
varied from 11% to 73%. The proportions of ELBW infants who
are at greatest risk for BPD in VLBW infants were also widely dif-
ferent from 0% to 80%. There was no significant correlation be-
tween the BPD rate and survival rate or the proportion of ELBW
infants. Combined outcome of BPD or death rate was inversely
correlated with the proportion of ELBW infants and survival rate
was directly correlated with the proportion of ELBW infants

(Fig. 4).

Demographic and clinical characteristics based on BPD
severity

When the GA was younger and the birth weight was lower, BPD
was significantly more severe. The proportion of males among
the BPD patients increased as the BPD severity increased. In
cases for which pathological examinations of the placenta were
performed, the incidence of histologic chorioamnionitis was
lower in severe BPD cases compared to mild and moderate BPD
cases. The incidence of clinical chorioamnionitis did not differ
according to BPD severity, nor did the frequency of antenatal
steroid use. However, when antenatal steroids were used, dexa-
methasone was used more frequently than betamethasone as
BPD severity increased. The incidence of RDS did not differ ac-
cording to BPD severity. However, more surfactant was used as
the BPD severity increased. The incidence of PDA, whether he-

....... BPD mortality —— BW<1.0kg
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Correlation Correlation

- BPD @ 36 PMW vs Survival rate:
- BPD @ 36 PMW vs BW < 1.0 kg:

Pearson -0.158, P=0.272
Pearson -0.008, P= 0.956

- BPD or death vs BW < 1.0 kg:
- Survival rate vs BW < 1.0 kg:

Pearson -0.416, P=0.003
Pearson 0.526, P< 0.001

Fig. 4. The intercenter differences in the survival rates, severe bronchopulmonary dysplasia (BPD) rates, BPD rates at 36 weeks’ postmenstrual age, combined outcome of BPD
or death rates, the mortality rates from BPD, and the proportions of extremely low birth weight (ELBW, < 1.0 kg) infants in very low birth weight (VLBW, < 1.5 kg) infants. Each
number on longitudinal axis represents individual centers which are arranged in order of survival rate. The BPD rates at 36 weeks’ postmenstrual age were not significantly cor-
related with the BPD rates or the proportions of ELBW infants. The proportions of ELBW infants were inversely correlated with combined outcome of BPD or death rates and
directly correlated with survival rates. The severity of BPD was defined according to the National Institute of Child Health and Human Development (NICHD) consensus definition
(8). Survival, survival rate; BPD, bronchopulmonary dysplasia; PMW, postmenstrual weeks; BPD or Death, combined outcome of BPD or death rate; BW < 1.0 kg, the proportion
of extremely low birth weight (< 1.0 kg) infants in very low birth weight (< 1.5 kg) infants; Pearson, Pearson coefficient.
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Table 1. Demographic and clinical characteristics according to the severity of bronchopulmonary dysplasia

Parameters Mild BPD Moderate BPD Severe BPD P value
(n = 495) (n=373) (n=312)
Gestational age (wk) 276 £ 1+ 272 + 20 277" £ 2+ < 0.001
Birth weight (g) 1,070 £ 263 976 £ 251 910 £ 273 < 0.001
Male sex (%) 49 54 59 0.023
Multiplet (%) 25 25 26 0.891
Clinical chorioamnionitis (%) 16 17 13 0.313
Histologic chorioamnionitis (%)* 25 28 16 0.006
Antenatal steroid (%) 67 70 62 0.066
Dexamethasone (%) 43 54 64 < 0.001
Betamethasone (%) 57 46 36 < 0.001
RDS (%) 83 84 87 0.316
Number of surfactant treatment (times) 11 x£05 1.2+ 06 1307 < 0.001
PDA (%) 59 62 66 0.276
Hemodynamically significant (%) 40 43 54 0.051
Prophylactic PSI use (%) 30 33 30 0.721
Therapeutic PSI use (%) 49 54 58 0.104
Spontaneously or medically closed (%) 89 81 75 < 0.001
PDA ligation (%) 1 20 25 < 0.001
Mechanical ventilation (days) 14 £ 14 26 £ 22 61 £+ 50 < 0.001
NCPAP (days) 9+12 11 +12 14+ 20 < 0.001
Total positive pressure ventilation (mechanical ventilation + NCPAP) (days) 23 £ 19 36 + 25 74 £ 50 < 0.001
NCPAP/Total positive pressure ventilation 0.36 £ 0.35 0.33 £ 0.30 023 £0.27 < 0.001
02 administration (days) 43 £19 68 £ 28 93 £ 63 < 0.001
0.-weaned date (postnatal day) 49 + 18 72+ 23 95 + 50 < 0.001
Discharge with home 02 (%) 6 28 41 < 0.001
Pulmonary hypertension (%) 6 10 24 < 0.001
Nitric oxide (%) 4 4 14 < 0.001
Sildenafil (%) 0 4 10 < 0.001

P is for score test for trend (Jonckheere-Terpstra test for continuous variables and linear by linear association for categorical variables). The severity of bronchopulmonary dys-
plasia was defined according to the NICHD consensus definition (8). *Available in 78% of all subject very low birth weight infants. BPD, bronchopulmonary dysplasia; RDS, re-
spiratory distress syndrome; PDA, patent ductus arteriosus; PSI, prostaglandin synthase inhibitor; NCPAP, nasal continuous positive airway pressure; Oz, oxygen.

modynamically significant or not, and the use of prostaglandin
synthase inhibitors, whether prophylactic or therapeutic, did not
differ according to BPD severity. However, surgical ligation of
PDA was more common as the BPD severity increased. As ex-
pected, the durations of mechanical ventilation, NCPAP, total
positive pressure (mechanical ventilation plus NCPAP), and
oxygen administration were longer as the BPD severity increased.
The proportion of NCPAP in total positive pressure decreased
as the BPD severity increased. The date of oxygen withdrawal
was later and the need for home oxygen was greater as BPD se-
verity increased. Pulmonary hypertension was more frequently
diagnosed with the parallel increase of inhaled nitric oxide use
as BPD severity increased (Table 1).

Comorbidities, therapies for BPD, and outcomes based on
BPD severity

Regarding comorbidities, intraventricular hemorrhage (> Grade
3), pulmonary hemorrhage, necrotizing enterocolitis (> Stage
II), culture-proven sepsis, retinopathy of prematurity (> Stage 3),
and periventricular leukomalacia all occurred more frequently
as the BPD severity increased. As expected, diuretics and dexa-
methasone were used more frequently as the BPD severity in-
creased. Dexamethasone therapy was started later as the BPD

918  http://jkms.org

severity increased. The dexamethasone dose did not differ accord-
ing to the BPD severity, but dexamethasone therapy was used
more often as the BPD severity increased. The use of inhaled
corticosteroid did not differ according to BPD severity. As ex-
pected, the mortality rate increased as the BPD severity increased.
Nearly one-third of VLBW infants with severe BPD died. How-
ever, the age at death did not differ according to BPD severity.
For survivors, the hospital stay was longer as the BPD severity
increased. The age and body weight at discharge were also great-
er as the BPD severity increased (Table 2).

DISCUSSION

The present study is the first nationwide study to investigate the
incidence of BPD in Korea. Almost all of the level III centers in
Korea participated in this study, and the NICHD consensus def-
inition of BPD was employed. This study revealed an 18% inci-
dence of BPD at 36 weeks’ PMA in VLBW infants and a 16% in-
cidence of BPD in preterm infants born at less than 32 weeks’
gestation. The incidence of BPD at 36 weeks’ PMA in VLBW in-
fants in NICHD Neonatal Network sites in the United States be-
tween 1997 and 2002 was 23% (11). The Vermont Oxford Net-
work (VON), another major neonatal network based in the Unit-

http://dx.doi.org/10.3346/jkms.2012.27.8.914
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Table 2. Clinical outcomes and therapies employed according to the severity of bronchopulmonary dysplasia

Parameters Mild BPD (n = 495) Moderate BPD (n = 373) Severe BPD (n = 312) P value
IVH > Grade 3 (%) 12 14 22 < 0.001
Pulmonary hemorrhage (%) 6 10 17 < 0.001
NEC > Stage Il (%) 8 13 19 < 0.001
Proven sepsis (%) 29 36 51 < 0.001
ROP > Stage 3 (%) 20 23 31 0.002
PVL (%) 11 13 19 0.008
Diuretics (%) 25 44 56 < 0.001
Inhaled corticosteroid (%) 21 25 22 0.371
Dexamethasone (%) 22 40 50 < 0.001
Start date (postnatal day) 28 £ 13 32 +17 40+ 25 < 0.001
Dose (mg/kg/day) 0.33+0.18 0.34 £ 0.20 0.38 £ 0.40 0.301
Cycle (cycle) 13405 1.4 +1.1 17411 0.002
Death (%) 2 4 31 < 0.001
Age at death (postnatal day) 92 £ 55 75 £ 58 101 £ 69 0.426
Survival (%) 98 96 69 < 0.001
Length of hospital stay (days) 81 £ 47 93 £ 26 118 £ 48 < 0.001
Age at discharge (postmenstrual weeks) 397" £ 3+ 40%° + 3*2 440 + 51 <0.001
Body weight at discharge (g) 2,533 + 527 2,739 + 605 2,879 + 850 < 0.001

P is for score test for trend (Jonckheere-Terpstra test for continuous variables and linear by linear association for categorical variables). The severity of bronchopulmonary dys-
plasia was defined according to the NICHD consensus definition (8). BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; ROP,

retinopathy of prematurity; PVL, periventricular leukomalacia.

ed States, reported a 29% incidence of BPD in 2003 (12). A recent
European population-based cohort study enrolling 4,185 pre-
term infants born at less than 32 weeks’ gestation in 2003 in 10
European regions reported a 17% incidence of BPD at 36 weeks’
PMA (13). For Asian countries, recent literature on the nation-
wide incidence of BPD is not available from a PubMed search.
The difference in the BPD incidence among countries may be
attributable to different population characteristics, different care
practices, and different survival rates. In particular, the difference
in survival rates may have a great influence on the incidence of
BPD because BPD develops in surviving extremely preterm in-
fants (14). Data from the NICHD Neonatal Network suggests a
close relationship between the BPD incidence and the survival
of ELBW infants (15). The incidence of BPD in our study was low-
er than that of the NICHD Neonatal Network (18% vs 23%, re-
spectively; Fig. 1A) (11). The gap between our BPD incidence and
that of the NICHD Neonatal Network was noticed in extremely
preterm infants with a birth weight below 750 g. In preterm in-
fants with a birth weight within or above the range of 750 g to
999 g, there was no discernible difference in the BPD incidence
between our data and NICHD Neonatal Network’s (Fig. 2A). The
low incidence of BPD in our data in compared with that of the
NICHD Neonatal Network may result primarily from the low
survival rate of extremely preterm infants (those infants with
birth weights below 750 g). However, the survival rate of these
very immature infants born below a birth weight of 750 g does
not differ greatly between our study and NICHD Neonatal Net-
work’s (51% vs 53%, respectively) (11). Therefore, other factors
including different population characteristics and different care
practices are more likely to have contributed to the difference in
BPD rates. It is noteworthy that the BPD rates at less than 500 g

http://dx.doi.org/10.3346/jkms.2012.27.8.914

and at 23 weeks’ GA were irrelevantly low (18% and 23%, respec-
tively). These low BPD rates are attributable to extremely high
mortality at these birth weight range and GA. Combined out-
come of BPD or death rates which incorporate mortality in these
birth weight range and GA were 98% and 96%, respectively as
expected.

In the present study, the BPD rate at 36 weeks’ PMA among
centers varied from 5% to 50%. This great difference in the BPD
rate among centers is not likely to be attributable to different
patient population among centers, in that the BPD rate in each
center was not correlated with the proportion of ELBW infants
who are at greatest risk for BPD in VLBW infants in each center.
Intercenter variability in the incidence of BPD is observed inter-
nationally. In a multicenter study in which eight major academic
medical centers in the United States participated, the incidence
of BPD in preterm infants with birth weights of 700 to 1,500 g
ranged from 6% to 33% (16). Data from the VON in the United
States also revealed wide variance in the BPD incidence among
VLBW infants: their data show an incidence from 4% to 58% in
2003, even after a quality improvement initiative (12). The Euro-
pean data referred to above also demonstrated intercenter vari-
ation (from 11% to 22%) in the BPD incidence in preterm infants
born at less than 32 weeks’ GA (13). Thus, intercenter variability
in the BPD rate is a universal finding. Intercenter variability in
the BPD rate may be attributable to population characteristics,
different care practices, or different survival rates among cen-
ters. Because racial differences are minimal in Korea compared
with the United States, population characteristics may not have
contributed greatly to the intercenter differences in our study.
Different survival rates among centers can introduce a selection
bias to the BPD rate. However, there was no significant correla-

http://jkms.org 919



JKMS

Choi CW, et al. = Bronchopulmonary Dysplasia in Korea

tion between the survival rates and BPD rates in our study. There-
fore, the most reasonable explanation for the intercenter vari-
ability in the BPD rate in our study is different care practices
among centers. Potentially better care practices to reduce the
occurrence of BPD have not yet been discovered. Our next step
should be identifying care practices that are associated with low-
er BPD rates. Applying such care practices could reduce the BPD
rate in the underperforming centers. However, in VON sites in
the United States, the intercenter differences in the BPD rate
have not abolished, even after a quality improvement initiative
was implemented (12). This finding demonstrates the compli-
cated nature of identifying potentially beneficial practices and
applying such practices to reduce the BPD rate in individual
centers.

Another important factor that may have influenced the inter-
center differences in the BPD rate is the diagnostic criteria used
for BPD. In the present study, the need for oxygen at 36 weeks’
PMA was used as the diagnostic criteria for BPD. However, oxy-
gen requirements can be subject to the caregiver’s practice style.
Itis a general practice to target oxygen saturation to 92% to 94%
as the preterm infants approaches discharge from the NICU to
prevent pulmonary hypertension from chronic hypoxia. Fur-
thermore, unnecessary oxygen supplementation is often given
to more than a few preterm infants who genuinely do not need
oxygen to keep their oxygen saturation at 92% to 94%. This prac-
tice can cause the BPD rate to appear greater than it really is in
each center. Walsh et al. (17) proposed a physiological test for
oxygen requirements at 36 weeks’ PMA to resolve the problem
of diagnostic inaccuracy in the NICHD consensus definition of
BPD. After the authors applied a physiological definition of BPD,
they found an approximately 30% reduction in the BPD rate and
the intercenter variability in BPD rate (18). During our study pe-
riod, some centers performed a physiological test to determine
the need for oxygen requirement at 36 weeks’ PMA before a BPD
diagnosis was made, but others did not. This inconsistent meth-
od for determining the need for oxygen at 36 weeks' PMA may
have also influenced the intercenter differences observed in
our study.

It is worth noting that the proportion of ELBW infants was in-
versely correlated with combined outcome of BPD or death and
directly correlated with survival rate. This result indicates that
the centers which accommodate more extremely immature in-
fants have better neonatal intensive care performance. As ex-
pected, the incidence of BPD and BPD mortality decreased as
GA increased from 23 weeks’ PMA to 28 weeks’ PMA; thereaf-
ter, however, the BPD mortality began to increase again until 31
weeks’ PMA. Similarly, the proportion of severe BPD decreased
as the GA increased to 29 weeks' PMA; afterward, however, the
proportion of severe BPD increased again. Because BPD is rela-
tively rare at these late GAs, when it does occur, it may be asso-
ciated with a different genetic predisposition, etiology or patho-
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physiology; thus, its clinical course could be unusually difficult
and eventually result in worse outcomes. This unusual type of
BPD occurring in relatively mature preterm infants warrants
further study.

The strengths of our study are that it included 52 NICUs, which
represents nearly all the level III centers in Korea and that uni-
form diagnostic criteria for BPD was used. Nonreplies to the sur-
vey questionnaire (30%) were mostly from primary or second-
ary level centers, where neonatal services are provided mainly
for more mature preterm infants who are not likely to develop
BPD.

The limitations of our study include its retrospective nature
and lack of information on the clinical practices of the individu-
al NICUs. The data were collected retrospectively, and this study
was noninterventional. The oxygen saturation target may have
differed from center to center, but the differences may not be
significant. Determining the need for oxygen was subject to the
individual practice patterns of the caregivers in each NICU be-
cause physiological tests for oxygen dependency were not uni-
formly performed. In addition, the differences in other clinical
practices among centers, such as delivery room care, indications
for mechanical ventilation, surfactant replacement therapy, the
use of noninvasive ventilation, and fluid management, were not
explored in this study. The differences in these various clinical
practices, which are presumably not small, may have exerted a
significant influence on the BPD rate in each NICU.

In summary, the incidence of BPD in VLBW infants in Korea
between January 2007 and December 2008 was 18%, and con-
siderable intercenter variability in the BPD rate was found. Fur-
ther studies are warranted to determine whether this intercent-
er variability in the BPD rate can be explained by different care
practices.
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