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Utility of Infant Pulmonary Function Test in Bronchopulmonary Dysplasia

Kyung Won Kim*, Bong Seok Choi”, Yong Ju Lee®, Ho Seon Eun, Myung Hyun Sohn®
Kook-In Park, Ran Namgung, Chul Lee and Kyu-Earn Kim"

Department of Pediatrics, Severance Children’s Hospital,
Institute of Allergy”, Yonsei University of College of Medicine, Seoul, Korea

Purpose : Pulmonary function is decreased in varying degrees in healthy premature infants as well
as those with bronchopulmonary dysplasia. The evaluation of pulmonary function in infants is finally
standardized after strenuous efforts, but it has not yet been in Korea. In this study, we aimed at
the evaluation of the utility of pulmonary function tests in premature infants with chronic lung disease
by objectively measuring pulmonary function and by analyzing the risk factors that may decrease
lung function.

Methods : Fifty—four premature infants born in Severance Hospital were selected. Among the 54
infants, 31 were male and 23 were female, and their mean age was 5.6%£3.7 years. Exhalyser was
used to measure tidal volume and functional residual capacity, and then their change after the inhalation
of bronchodilators was evaluated. There was no test related complication in all subjects.

Results : Among the 54 subjects, 22 were at the gestational age of <28 weeks, 25 were at the
gestational age between 28 and 33 weeks, and 7 were at the gestational age between 33 and 37
weeks. As for birth weight, 23 had extreme low birth weight, 23 had very low birth weight, and
8 had low birth weight. The delta functional residual capacities (FRCs) before and after the inhalation
of bronchodilator were significantly increased in infants with younger gestational age (P<0.05) and
lower birth weight (P<0.05). There was a significant negative correlation between gestational age
and birth weight, and a significant positive correlation with the duration of ventilator care and that
of oxygen therapy. The delta FRC before the inhalation of bronchodilator was significantly lower
in infants with lower birth weight, and the tidal volume before the inhalation of bronchodilator correlated
negatively with the duration of ventilator care.

Conclusion : The reversibility of FRC is increased in premature infants with lower birth weight,
younger gestational age, and longer duration of ventilator care and oxygen therapy. The reversibility
of FRC may be a useful parameter of pulmonary function that can be safely measured in premature
infants with chronic lung disease. [Pediatr Allergy Respir Dis(Korea) 2010;20:68—75]

Key Words : Infant pulmonary function test, Bronchopulmonary dysplasia, Chronic lung disease,
Functional residual capacity
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Table 1. Characteristics of Subjects
Male Female Total
Subjects, n (%) 31 (57.4) 23 (42.6) 54
Age, months 5.31+£2.81 5.991+4.58 5.6013.65
PMA, months 2.71+£3.07 3.42+4.39 3.02+3.67
55.97+8.08 57.31£10.11 56.55%8.94
4.71+2.04 4.86%+2.39 4.78+2.17
7/24 5/18 12/42
13 (41.9) 11 (47.8) 24 (44.4)
51.53+31.68 36.81£21.74 45.31£28.62
91.13+76.63 55.50+27.50 76.06+£62.98
13 (41.9) 9 (39.1D 22 (40.7)
15 (48.4) 10 (43.5) 25 (46.3)
4 (17.4) 7 (13.0)
9 (39.1D 23 (42.6)
23 (42.6)
8 (14.9)

3 (9.7
11 (47.8)

Height, cm
Delivery method, n (SVD/C—sec)
3 (13.0)

Weight, kg
Treatment with antenatal steroid, n(%)
14 (45.2)
12 (38.7)

Duration of ventilator care, d
5 (16.1)

Duration of oxygen therapy ,d
Gestational age at birth, weeks
<28, n (%)
28—33, n (%)
33-37, n (%)

1,500—-2,500, n (%)
P=0.024 between male and female subjects

Birth weight, g
<1,000, n (%)
1,000—1,500, n (%)
Data are represented as mean£SD or absolute numbers
Abbreviations : PMA, postmenstrual age; SVD, spontaneous vaginal delivery; C—sec, Cesarean section; d, days
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Fig. 1. (A) Delta FRC was significantly greater in subjects with ELBW (P
=0.028) and VLBW (P=0.047) than in those with LBW. (B) Delta FRC was
negatively correlated with birth weight (r=—0.32; P=0.026).
Abbreviations : dFRC, delta functional residual capacity; ELBW, extreme low
birth weight; VLBW, very low birth weight; LBW, low birth weight
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Fig. 2. (A) Delta FRC was significantly greater in subjects whose gestational
age at birth was before 28 weeks (P=0.033) and those between 28 and 33
weeks (P=0.047) than in those between 33 and 37 weeks. (B)Delta FRC was
negatively correlated with gestational age at birth (r=—0.35; P=0.013).

dFRC, delta functional residual capacity; wks, weeks

o] PSFE T8I, (P=0.041) 285 7|9 &4

FAote] dFRC



—Kyung Won Kim et al. : Utility of Infant Pulmonary Function Test in Bronchopulmonary Dysplasia—

FoaHA E=okek (Fig. 2A) B3t dFRCE A3 3}
Yepggictt r=—0.35; P

B}
quigleE Fo AudAs

=0.013, Fig. 2B)

. Z|SHEE7|™E 9t [ AsE YL,
MAXZLS
o #ete] dFRCE 7]7411%%}?&:042; P=
0.0028), AF2=X 295 (r=0.43; P=0.0024) 9}= 525t
ol ABBAE B (Fig. 3)
5. 7|EX[EEN ME U3 ST 2

J1sH EI1F

7138AEA 9 A TV 7AIS5des) 2] g3t
AE JeRQIt) (r=—0.39; P=0.0048, data not shown)
18] 71BAEEA Y ATV, FY F TV, TV 7kedst
© 2AF, AT, 7IAZTLT, AR EYTe) A
A& HolA| ¢kt (data not shown)
7138AEA F9 A FRCE 24A150] 48255 72
SHAl ket (r=0.43; P=0.0013, data not shown) L %]
71384 EA 59 A FRC, % ¥ FRCi= 24320, A=
T8, NAZEFLT, ARAELT9) A& HolA] &k

t}.(data not shown)

d
1

vlgol eolutd g

A y=042
p=0.0028
30
. Ll i .
— 20 -
(] & .
g’ 10 P ‘: . 3 =
o L] . -3 ., . .
R B o I
é -10 S : . *
0 . S
o 20 .
™ .
T % -
40 -
0 20 40 60 80 100 120
Duration of ventilator care (d)
Fig. 3.
(r=0.42; P=0.0028).

oxygen therapy (r=0.43; P=0.0024).

W1, 53] 7|¥AH oS0l FRkE Bfolle vl 12
SR 1A w0 g 0] A ]
Hedo] SAHA gg H7]ee 71 FAgh: o1 d8] &
ZE, Jor]9 Ak #H7 e e57] Wl Y&
ZEPB' 19 2, mjgotel 71| FHT-E n)7jeld 2]
NENBE Zeigths Zlolth 41X]o] VLBW &4} ]
oft 7lﬂzlﬂ%lolﬁé**iol AN wl ok BH7)eh Fad

718 AuA] #7)50) o "ojithe Bk QIrh'” 712
L #2 Aol oJahd A mEGA] Fof A A7)l wio}
2 gjoju} 3kE7] uje] 7li1 9 He 55 TS R
oA #7)5o] WojA 9lar 7|%E FAde] QI BAkE
= o 214 dof FH3E siiuY, 557 S8

o}43] Wstout w7lwolu 71E dhiAe izt 2o

7F AT Btz AIek! olef gt Aol Aug molt=

ol & Rz Atk tidtell XlolE Kol tiytE A
T7F 012# ot} w3t H71s AAF Aldo] 7hsEt 2173
A o] gl Stols thde® & 5 el gle A
RS L %EP HOI 718 A H o1 BT 75l

EH“ B AP|AoR FJJ@‘L‘ 714
al

[‘
I‘
il

a4

N
=)

o

ofl

oX

ol

§

[aR

UJ
9

=

é

_?L

b

o

o

_\1

o

Al

)

ﬂH

o =2
RO = A e

Z] gfoRw ﬂhfﬂ }‘HETL‘
% (new BPD) o] FEe| A A HHA

whl el el 7R heths 2
O]q_l-’l, 19) 1T TR o] FEZ 0l A= oo}y
9] w7)50] Hg7] 9 ARl w715 u BAYE Qths Zle]

Jo
X
1o,
N
R
%
&
£
o_>L

B y=043
p=0.0024
30 1
L
_a_;_ 207: .c -
i § . 5
2 e
] = .,ﬂ" .
E 0 . _»g ; & -*
2 o lom w
= 10 e T o Mg
Q = .
o 204 - .,
's i .
- 1
80 1 L
40 - = = .
1 10 100 1000

Duration of oxygen therapy (log d)

(A) Delta FRC was positively correlated with duration of ventilator care
(B) Delta FRC was positively correlated with duration of

Abbreviations : dFRC, delta functional residual capacity; d, day



— AR LE 71BAHN TN A —

Job18 #7155 Sk o] AV H7158 F8

5& dZo1 7l Ao]r) ! 18 202D

Qotal715 HAL QAL FollA 71 3AH o452 )

94& Frkeke 89 QA 7k EE W VSRR
olgh= Bk QIrk? vk Aol 75 d % 9
3] Eqtdo] vl HYles & Wrdditial ®arsksl
th? B Aela= 1R 71eiAo] 28AE, Al
T8, 7AZEYT 9 A g5dr 7Y 9% 7P &
HEgshe Zlow Yebgth Bst 73R Aol gt vk
(bronchodilator response, BDR) 2 s, ol
njgol R H A gl A w9 telkstA| =]7] witel] <
olH7|s 7ol f-8-%F Rloleka & 4= Qlvk H3 BDR
& 78R H | @A Fol| o]Fhe mlSsolella] F{ AEHEO|E
T 1A A X5l 31E Kol oS AR A
i 2= 9lo] ZQajrp2 2

B AoM 75H 7% 71934 (FRC reversibility)
o Y& 7HE wol wAE AL 28AFI. 2y
Fig.1A0lX HolRl= nkgl o] 71523 % 7193
ELBW &4o}oll4] 714 )5k ELBWS} VLBW 4o} A}
ololliz A HAAE o] TAFTE ole|d HAA
= 52 LBW 2Aofelx = B8] Zol=s A1e AEs
= itk o]y]Et okAke VSRRV 71eiXdo] AEST
2857 H|uk Fgote} 28 o)) 335 wnk E44of Alo] ]*
AAAE FHEo] TAfehLY, 33F o) FgotelA A=
2 glo] P ARl dFRC A& HolFe ¥ A8k
t}h.(Fig. 2A) °13& E4AFOIY AeiFwo] s
olef gt kg A7el FAE n]sol= tHE ofy7kA] dFe
T ek 7537 7 e 7H S Stk Ale 9
sP71% gtk 5, Z18A e |8 TS 7L Sl mlsolel
A A B AHFHOR H7ss s oS53}
7] o811 H7)E HAE Sate] A Bk A5 Y
:ﬂrﬂ;}: Zo] F Q3= Aotk

232 ARFE Ao} E AT 285 IRk vlol}

o ﬂli‘l

= %
Sk
= %

=4

Q
X gk S ot eHTHel 9T Ao U
FEE BFHE AN Aol ARA R A|go] &
A AYAAR o m WY 557) Ao AF A5
33 5?7} O?EJDP‘” TR & ATl B 587

o ofF, 54 ‘31‘“&91 A - sol vk warst
ok B Aol M AT, ARFE, AEEDS, A

= &
oLtk olel o] A7lell 97152 Zsho] Awa
geE FEE e Festn ¥ % ok

SellA] 4 #AE vlsolel 9] #HY)E
7

o] AL )Y QS BYH T 2
O

Ny oot 2 o 2 2 b
=2

o] =2 20099 s Y- (S sr|e) o] Algoez
S ol w7 2A7ARIY No.
2009—0070004)

%O}"ﬂ 137]77}74 R uﬂﬂ*ﬂ OJ??} A5 A
Hof lrkar defA] Sk dotellM 7 lsS
< 2 =¥ Fof xFEshE7]o o]2F ot 51LLH°1V‘1 o}
7HA] A8 Bf glek 2 ArelM e v HdEe 71 1)
Solo|A] 7 eE AR F7PHE Fete] S5k
7 el 93-S nAE AT QRIS A8t 1
8-S ol A sp3ict

b & A B A offlog oA SASE 547 Tt
Ak A ol F @Ak 314, oAk 23%0l9
I, HEAYS 5.623. 770 LolSITh tldAell A Got)
5 %7717 (Exhalyser; EcoMedics, D rnten, Switzer-
land) & o]-&3t0] U] S F=(tidal volume, TV) % 71%

1
_o'T‘
‘IF
%
't

E

HU
o
=

oL



—Kyung Won Kim et al. : Utility of Infant Pulmonary Function Test in Bronchopulmonary Dysplasia—

A 7712 (functional Residual Capacity, FRC) & 73}
Q3L 7| BAGA T4 F Fe o SHste] WskE
Pasiaict AA didotell] Arkel AE F-21-8-2 ISl

i

=

Z 1t: EH” o} 54¥ ZF 22782 AlElT 285 w|nt
EAYo, 2572 285 o) 33F m|wt Ao}, T 335
ol 375 mgke] EAJotqlct. FEdt 24 AATEAYo}
237, =4 AAFEAol 231, AAFEok= 8ol
o} Z1EAEA Y AS 715X 7719 sk (delta FRC,
dFRO) &= AlElFEo] A5 (P <0.05), ATl 2
SFE(P<0.05) nIgiA —7}0}"34 71587715 Wst
= AEFE r=—0.35; P=0.013), 28AF r=-0.32; P
=0.026) 7 frogt 59 AHAE, TAEELST =
0.42; P=0.0028), 22X 594 (r=0.43; P=0.0024) $}
%G AHAE B3k 71 FY A Vs AR
71 AT S folshA A9koer, r=0.43;
P=0.0013) 7134 FY A 35 FF VMASE
dgeol 5o AHEAE JERISTE =-0.39; P=
0.0048)

A 2 u|Solold FAAZFe] 2E5F, AHFHo] o

45, 717411301%} ARG A5

W1 TS T AR el DA 39
S Qe g ) AxS g7,

itd]

o2

1) Northway WH, Jr., Moss RB, Carlisle KB, Par-
ker BR, Popp RL, Pitlick PT, et al. Late pulmo-
nary sequelae of bronchopulmonary dysplasia.
N Engl J Med 1990;323:1793-9.

2) Palta M, Sadek—Badawi M, Madden K, Green C.
Pulmonary testing using peak flow meters of
very low birth weight children born in the peri-
surfactant era and school controls at age 10
years. Pediatr Pulmonol 2007;42:819—28.

3) Vrijlandt EJ, Gerritsen J, Boezen HM, Grevink
RG, Duiverman EJ. Lung function and exercise
capacity in young adults born prematurely. Am
J Respir Crit Care Med 2006;173:890—6.

4) Aukland SM, Rosendahl K, Owens CM, Fosse
KR, Eide GE, Halvorsen T. Neonatal broncho-
pulmonary dysplasia predicts abnormal pulmo-
nary HRCT scans in long—term survivors of

extreme preterm birth. Thorax 2009;64:405—
10.

5) Laughon M, O'Shea MT, Allred EN, Bose C,
Kuban K, Van Marter LJ, et al. Chronic lung di-
sease and developmental delay at 2 years of
age in children born before 28 weeks' gestation.
Pediatrics 2009;124:637—48.

6) Frey U, Stocks J, Coates A, Sly P, Bates J. Spe-
cifications for equipment used for infant pulmo-
nary function testing. ERS/ATS Task Force on
Standards for Infant Respiratory Function Test-
ing. European Respiratory Society/American
Thoracic Society. Eur Respir J 2000;16:731—
40.

7) Brennan S, Hall GL, Horak F, Moeller A, Pitrez
PM, Franzmann A, et al. Correlation of forced
oscillation technique in preschool children with
cystic fibrosis with pulmonary inflammation.
Thorax 2005;60:159—63.

8) Hjalmarson O, Sandberg KL. Lung function at
term reflects severity of bronchopulmonary
dysplasia. J Pediatr 2005;146:86—90.

9) Hjalmarson O, Sandberg K. Abnormal lung func-

tion in healthy preterm infants. Am J Respir Crit

Care Med 2002;165:83—7.

Kinsella JP, Greenough A, Abman SH. Bron-

chopulmonary dysplasia. Lancet 2006;367:

1421-31.

Jobe AH, Bancalari E. Bronchopulmonary dys-

plasia. Am J Respir Crit Care Med 2001;163:

1723-9.

Schibler A, Hall GL, Businger F, Reinmann B,

Wildhaber JH, Cernelc M, et al. Measurement

of lung volume and ventilation distribution with

10

=

11

~

12

~

an ultrasonic flow meter in healthy infants. Eur
Respir J 2002;20:912-8.

13) Pillow JJ, Ljungberg H, Hulskamp G, Stocks J.
Functional residual capacity measurements in
healthy infants: ultrasonic flow meter versus a
mass spectrometer. Eur Respir J 2004;23:
763-8.

14) Greenough A. Long—term pulmonary outcome
in the preterm infant. Neonatology 2008;93:
324—17.

15) Baraldi E, Filippone M, Trevisanuto D, Zanardo
V, Zacchello F. Pulmonary function until two
years of life in infants with bronchopulmonary
dysplasia. Am J Respir Crit Care Med 1997;
155:149-55.



16)

17)

18)

19)

20)

— AR LE 71BAHN TN A —

Gappa M, Stocks J, Merkus P. Lung growth and
development after preterm birth: further evi-
dence. Am J Respir Crit Care Med 2003;168:
399.

Doyle LW, Faber B, Callanan C, Freezer N, Ford
GW, Davis NM. Bronchopulmonary dysplasia in
very low birth weight subjects and lung func-
tion in late adolescence. Pediatrics 2006;118:
108—-13.

Narang I, Rosenthal M, Cremonesini D, Silver-
man M, Bush A. Longitudinal evaluation of
airway function 21 years after preterm birth.
Am J Respir Crit Care Med 2008;178:74—80.
Baraldi E, Filippone M. Chronic lung disease
after premature birth. N Engl J Med 2007;357:
1946-55.

Santuz P, Baraldi E, Zaramella P, Filippone M,
Zacchello F. Factors limiting exercise perfor-
mance in long—term survivors of bronchopul-
monary dysplasia. Am J Respir Crit Care Med
1995;152:1284-9.

21)

22)

23)

24)

Koumbourlis AC, Motoyama EK, Mutich RL,
Mallory GB, Walczak SA, Fertal K. Longitudinal
follow—up of lung function from childhood to
adolescence in prematurely born patients with
neonatal chronic lung disease. Pediatr Pulmo-
nol 1996;21:28—34.

De Boeck K, Smith J, Van Lierde S, Devlieger
H. Response to bronchodilators in clinically
stable 1—year—old patients with bronchopul-
monary dysplasia. Eur J Pediatr 1998;157:75—
9.

Allen J, Zwerdling R, Ehrenkranz R, Gaultier C,
Geggel R, Greenough A, et al. Statement on the
care of the child with chronic lung disease of
infancy and childhood. Am J Respir Crit Care
Med 2003;168:356—96.

Greenough A, Limb E, Marston L, Marlow N,
Calvert S, Peacock J. Risk factors for respi-
ratory morbidity in infancy after very prema-
ture birth. Arch Dis Child Fetal Neonatal Ed
2005;90:F320-3.



