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- / Aim: To assess lung function during the first two years of life in healthy preterm infants and compare the
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measurements to those obtained in healthy term infants during the same time period.

Methods: This observational longitudinal study assessed lung function in 74 preterm (30+0 to 35+6
weeks’ gestational age) and 76 healthy term control infants who were recruited between 2011 and 2013.
Measurements of tidal breathing, passive respiratory mechanics, tidal and raised volume forced expi-
rations (V'maxFRC and FEF,s_7s, respectively) were undertaken following administration of oral chloral
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Term infants hydrate sedation according to ATS/ERS recommendations at 6- and 18-months corrected age.
Prematurity Results: Lung function measurements were obtained from the preterm infants and full term controls
Lung development initially at 6 months of age. Preterm infants had lower absolute and adjusted values (for gestational age,

postnatal age, sex, body size, and confounding factors) for respiratory compliance and V'maxFRC. At 18
months corrected postnatal age, similar measurements were repeated in 57 preterm infants and 61 term
controls. A catch-up in tidal volume, respiratory mechanics parameters, FEV( s and forced expiratory
flows was seen in preterm infants.

Conclusion: When compared with term controls, the lower forced expiratory flows observed in the
healthy preterm group at 6 months was no longer evident at 18 months corrected age, suggesting a
catch-up growth of airway function.
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Desarrollo de la funcion pulmonar en lactantes pretérmino durante los 2
primeros aifios de vida

RESUMEN

Introduccion: Todavia no esta claro si la prematuridad por si sola puede tener influencia en el desarrollo
pulmonar tras el parto y, en particular, en el tamafio bronquial.

Objetivo: Valorar la funcién pulmonar durante los 2 primeros afios de vida en lactantes pretérmino sanos
y comparar las medidas con las obtenidas en lactantes nacidos a término sanos durante el mismo periodo
de tiempo.

Meétodos: Este ensayo longitudinal observacional valoré la funcién pulmonar en 74 lactantes pretérmino
(30+0a35+6semanas de edad gestacional) y 76 lactantes nacidos a término sanos como controles, que se
seleccionaron entre 2011y 2013. Se llevaron a cabo las mediciones de la respiracion corriente, la mecanica
respiratoria pasiva, los flujos espiratorios forzados a volumen corriente y con insuflacién previa (V'maxFRC
y FEF5.75, respectivamente) tras la sedacion con hidrato de cloral siguiendo las recomendaciones de las
ATS/ERS a la edad corregida de 6 y 18 meses.

Resultados: Inicialmente se obtuvieron las medidas de funcién pulmonar de los lactantes pretérmino y los
controles a término a los 6 meses de edad. Los lactantes pretérmino presentaron unos valores absolutos y
ajustados (a la edad gestacional, la edad posnatal, el sexo, el tamafio corporal y los factores de confusién)
menores para la distensibilidad pulmonar y la V'maxFRC. A los 18 meses de edad posnatal corregida,
se repitieron las mismas mediciones en 57 lactantes pretérmino y 61 controles a término. Se observé
una recuperacién del volumen corriente, los parametros de mecdnica respiratoria, el FEV( 5 y los flujos
espiratorios forzados en los lactantes pretérmino.

Conclusion: En comparacién con los controles a término, los flujos espiratorios forzados mas bajos obser-
vados en el grupo de pretérminos sanos a los 6 meses no se observaron a los 18 meses de edad corregida,

lo que evidencia un crecimiento de recuperacién de la funcién de la via respiratoria.
© 2021 SEPAR. Publicado por Elsevier Espafia, S.L.U. Todos los derechos reservados.

Introduction

Prematurity is one of the most relevant factors determining res-
piratory health and survival of newborns. Long-term impairment of
lung function (LF) in children born extremely preterm and in infants
with bronchopulmonary dysplasia (BPD) has been described.!~>
Previous results have showed a decrease in forced expiratory flows
(FEF) in the first two years of life,*> which is related to a decrease
in forced expiratory volume in the first second (FEV;) and in FEF
between 25 and 75% of the forced vital capacity (FEF,5_75%) in later
years.6”

Hoo et al.8 reported normal values of maximal expiratory flow
at functional residual capacity (V'maxFRC) during tidal breathing
in the neonatal period in preterm infants <36 weeks’ gesta-
tional age (GA), with a significant decrease in V’'maxFRC at one
year old.

Fakhoury et al.? published that during the first 3 years of
life, children with BPD continue to show airflow limitation (low
V’maxFRC), while FRC measurements increased over time. Friedrich
etal.' found a normal FVC and a decrease in FEF in healthy preterm
infants compared to term infants at a mean age of 10 weeks and
such patterns was maintained at 64 weeks.!! These studies suggest
that lung size increases adequately in preterm infants with somatic
growth, however, airway function does not appear to develop at the
same rate.

Preterm infants, and those affected by BPD, often present greater
respiratory morbidity during the first years of life, with higher
predisposition to lower respiratory tract infections and recurrent
bronchitis, resulting in hospital admissions and high consumption
of health resources.'?

It is still not well known if prematurity itself can influence lung
development and particularly the bronchial size. Diminished air-
way calibre could be a factor that explain the predisposition of
preterm infants to develop wheezing bronchitis during the first
years of life. In a recent study,'® respiratory symptoms in mod-
erate/late preterms persisted during the first three years of life and
were associated with abnormal LF tests.

Although there are many studies performed in preterm
infants with associated pulmonary pathology,'4-16 there are few
studies” 81011 that assess LF in preterm infants without associated
respiratory pathology. LF testing in infants is difficult to perform
and some measurements require sedation. The current interna-
tional references for interpreting forced expiratory manoeuvres in
infants have allowed a better interpretation of results.!”

The main aim of this study was to obtain paired LF measure-
ments during the first two years of life in healthy preterm infants
(range of GA: 30w +0d to 35w + 6d) and compare to those obtained
in healthy term infants during the same time period, in order to
assess whether an initial lower LF in preterms (most importantly,
lower forced expiratory flows) would show catch up in the period
observed. A secondary objective was to assess the feasibility of the
techniques in this group.

Methods

This was a prospective longitudinal, multicentre observational
study, performed from June 2011 to December 2013 at three Span-
ish hospitals: Hospital Universitario Vall d’'Hebron (Barcelona),
Hospital Universitario Donostia (San Sebastian) and Hospital Uni-
versitario Virgen de la Arrixaca (Murcia).

Premature healthy infants born 30 weeks to 35 weeks +6 days
gestational age (GA) and a control group of contemporaneous
healthy term infants (>37 weeks GA and birth weight >2.5kg)
were recruited before 6 months postnatal age and followed until
18 months of age. GA was calculated from the date of maternal
last menstrual period which was confirmed by an ultrasound scan
performed before 20 weeks of pregnancy.

Preterm babies were recruited from their hospitals of birth. The
control group was recruited from primary care centres in San Sebas-
tian and Murcia and from hospitals in Barcelona. The babies who
were recruited in primary care centres, were healthy babies with-
out any respiratory symptoms or diseases. They were recruited
at the 4-month check-ups. The babies who were recruited at the
hospital in Barcelona, were healthy babies without any respiratory
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Table 1
Comparison of background characteristics between preterm and term infants.
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Preterm Term D

(n=74) (n=76)
Boys, n (%) 27 (36.5%) 32(42.1%) 0.481
Ethnicity, Caucasians, n (%) 102 (96.2%) 90 (96.8%) 0.951
Gestational age at birth (weeks), median (IQR) 34.0 (33-34.9) 40.0 (39-40.6) <0.001
Birth weight (g), median (IQR) 1955.0 (1750.0-2120.0) 3270.0 (3000.0-3610.0) <0.001
Birth length (cm), median (IQR) 44.0 (41.0-45.0) 50.0 (49.0-50.0) <0.001
Oxygen therapy <24 h, n (%) 10 (13.9%) 1.0(1.3%) 0.004
Maternal age at delivery (y), median (IQR) 35.0(31.0-37.0) 34.0(31.0-37.0) 0.450
Maternal antenatal steroids, n (%) 48 (64.8%) 1(1.3%) <0.001
Maternal history of atopy, n (%) 10 (14.7%) 17 (22.7%) 0.224
Maternal history of asthma, n (%) 3 (4.4%) 5(6.7%) 0.721
Paternal smoking, n (%) 24 (32.4%) 24 (32.0%) 0.955
Paternal atopy, n (%) 19 (26.4%) 9(12.2%) 0.029
Paternal asthma, n (%) 16 (22.2%) 7 (9.6%) 0.037
Test 1 Preterm Term D

n=74 n=76
Corrected age, weeks, median (IQR) 25.4(23.1-28.4) 25.5(22.8-27.7) 0.319
Weight, kg, median (IQR) 7.23 (6.6-8.0) 7.33(6.81-8.04) 0.441
Weight, z-score, median (IQR) -0.89(-1.5-0.1) -0.16 (-0.7 - 0.5) <0.001
Length (cm), median (IQR) 66.0 (64.5-68.5) 67.0 (65.0-68.0) 0.783
Length (z-score), median (IQR) —-0.84(-19--0.1) 0.21(-0.5-0.8) <0.001
Maternal smoking during pregnancy, n (%) 18 (24.3%) 6 (7.9%) 0.006
Maternal current smoking, 6m, n (%) 20 (27.4%) 9(11.8%) 0.016
Paternal current smoking, 6m, n (%) 18 (24.7%) 23(30.3%) 0.444
One episode of bronchitis <6 months, n (%) 13 (17.6%) 10(13.2%) 0.411
Test 2 Preterm Term p
n=57 n=61

Corrected age, weeks, median (IQR) 78.3(75.9-80.7) 78.1(75.1-80.9) 0.992
Weight, kg, median (IQR) 10.32 (9.86-11.3) 11.10(10.54-11.62) 0.008
Weight, z-score, median (IQR) —-0.38(-0.9-10.5) 0.44(-0.24-0.8) <0.001
Length (cm), median (IQR) 80.7 (3.8) 81.7(2.7) 0.099
Length (z-score), median (IQR) -0.60(-1.5-0.2) —-0.10(-0.8-0.8) 0.001
Maternal smoking during pregnancy, n (%) 11 (19.3%) 4 (6.6%) 0.038
Maternal current smoking, 18m, n (%) 12 (21.1%) 9 (14.7%) 0.472
Paternal current smoking, 18m, n (%) 16 (28.1%) 15 (24.6%) 0.682
One bronchitis 6-18 months, n (%) 20 (35.1%) 18 (29.5%) 0.557

Gestational age: calculated according to maternal last menstrual period and ultrasound scan prior to 20 weeks pregnancy. Y: years, m: months, data presented as n (%) or

mean (SD). Infant test age: corrected for gestation.

symptoms which attended the hospital because of the population
based cystic fibrosis (CF) screening study, in which CF was ruled
out with a negative genetic test and a normal sweat test.

None of the preterm infants required ventilatory support and
had less than 24 h supplemental oxygen following delivery. Infants
with any other comorbidity or having >2 episodes of bronchitis
or respiratory illness requiring hospitalisation before the age of 6
months, were excluded (see on-line supplement).

LF data from raised volume forced expirations obtained from
some of the term infants were included in a multicentre study
to develop reference ranges for forced respiratory manoeuvres in
infants.!”

Local Research Ethics Committee approval was granted and
written parental consent obtained for all infants. The study was
performed in accordance to the international ethical recommenda-
tions for research and clinical studies contained in the Declaration
of Helsinki, standards of Good Clinical Practice, as well as the rec-
ommendations of the Spanish Agency for Medicines.

A perinatal history was compiled including family history of
atopic disorders and passive smoking, data from pregnancy (ges-
tational age, mother’s age, ethnicity, number of foetuses), delivery
data (mode, Apgar score, weight, length, sex) and any peri- and
postnatal pathology. Respiratory symptoms or illnesses presented
during the followed up checks were recorded at LF test visits and
in every three months’ phone interviews.

Infant lung function tests

Infants were tested at around 6 [Test 1, (T1)] and 18 months
[Test 2, (T2)] corrected age (Table 1). LF tests were performed when
infants were well or at least 3 weeks after any respiratory symp-
toms. Data were recorded during quiet sleep, in supine position, and
after administration of chloral hydrate orally (50-100 mg/kg).!8.19
Oxygen saturation and heart rate were monitored before sedation
and during testing. Weight and crown-heel length were mea-
sured using digital scales and a calibrated stadiometer. Both weight
and length z-scores were calculated by means of WHO reference
values.??

LF was assessed using the Jaeger MasterScreen BabyBody Sys-
tem (v.4.65; Carefusion, Hoechberg, Germany). Measurements of
tidal breathing, single occlusion passive respiratory mechanics
(total respiratory compliance, Crs, and total respiratory resistance,
Rrs), tidal volume and raised volume forced expirations (tidal RTC
and RVRTC, respectively) were undertaken (and in this order)
according to ATS/ERS?! and international guidelines.?2-2* The FVC,
FEV( 5, FEVq 5/FVC and FEF at 50%, 75% and 25-75% of the FVC (FEFs,
FEF75, FEF,5_75) were reported from the “best” out of three accept-
able forced expiratory curve with the biggest sum of FVCand FEV 5.

All researchers were trained by the infant LF team at Respira-
tory, Critical Care & Anaesthesia section, UCL Great Ormond Street
Institute of Child Health, London, United Kingdom. They developed
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Fig. 1. Subjects recruitment and study flow.

identical protocols for LF testing, data analysis and quality control
standards. AFH performed inter-laboratory visits for independent
overread of results to ensure quality control.'®2!

Statistical analysis and sample size

Demographic and clinical data were collected on an electronic
case report form (W3NEXUS, Fundacié Institut Catala de Farma-
cologia, Barcelona, Spain). Results were expressed as absolute
values and converted to z-scores to adjust for gestation, postnatal
age, length and weight at tests, and sex, in accordance to inter-
national reference equations.'”2>26 Corrected age was used for
calculations of z-score in preterm infants.

Data were analysed by SAS® 9.3 (SAS Institute Inc., Cary, NC,
USA). Descriptive data are shown as mean (SD) or median (IQR) for
continuous variables, according to data distribution, and as n (%) for
categorical ones. Comparisons between preterm and term infants
were analysed using independent sample t-test or Mann-Whitney
test for continuous data, and chi-square or Fisher exact tests where
appropriate for categorical outcomes. A general linear multivari-
able analysis was performed to adjust for comparisons according
to maternal tobacco use during pregnancy and need for oxygen
therapy the first 24 h of life. Statistical significance was set at a p
value of <0.05.

It was estimated that 37 infants per group would provide 80%
power to detect adifference of 0.67 z-scores (assuming SD 1 for both
groups) between preterm and term infants for the LF variables.

Results
Study subjects

A total of 194 infants were eligible (91 preterm and 103 term
controls), of which 150 (74 preterm and 76 term) were included at
the first visit at 6 months (Fig. 1).

A majority of the participants were Caucasians (96%). The mean
(SD) GAwas 33.8 (1.4) weeks in the preterm group and 39.7 (1.3) in
the term group. There were no differences between groups in terms
of sex, ethnicity or maternal age. More preterm infants received
prenatal steroids and supplemental oxygen during the first 24h
(Table 1). In preterm group there was a significantly higher per-
centage of exposure to tobacco smoke during pregnancy and up to
6 months corrected age, but not at 18 months (Table 1). In addition,
there was a significantly higher percentage of paternal history of
atopy or asthma in preterm group, but there were no differences in
maternal history of atopy or asthma (Table 1).

At 6 months (T1), 74 preterm infants and 76 term controls
attended for LFT (Fig. 1). There were no differences between the
groups in weight (kg), length (cm) and vital signs (respiratory rate,
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Table 2
Vital signs during the lung function test of preterm and term infants.
Test 1 Preterm Term p
n=74 n=76
Basal heart rate, bpm, mean (SD) 130.8 (12.0) 128.3(17.0) 0.304
Sedation heart rate, bpm, mean (SD) 114.3(10.9) 115.2(9.9) 0.591
Basal respiratory rate, bpm, mean (SD) 39.7 (6.8) 39.0(16.6) 0.756
Sedation respiratory rate, bpm, mean (SD) 33.1(5.0) 32.7(12.7) 0.778
Basal Sa0;, %, mean (SD) 98.9(1.1) 98.7 (1.3) 0.387
Sedation Sa0,, %, mean (SD) 98.4(1.2) 98.7 (1.3) 0.209
Test 2 Preterm Term D
n=>57 n=61
Basal heart rate, bpm, mean (SD) 127.3 (14.5) 121.5(16.2) 0.004
Sedation heart rate, bpm, mean (SD) 103.3(13.1) 103.2 (5.5) 0.952
Basal respiratory rate, bpm, mean (SD) 32.3(6.3) 32.3(17.8) 0.978
Sedation respiratory rate, bpm, mean (SD) 25.8 (3.1) 27.2 (14.8) 0.503
Basal Sa0;, %, mean (SD) 98.8 (1.3) 98.7 (1.7) 0.949
Sedation Sa0,, %, mean (SD) 97.5(1.4) 98.0(1.5) 0.062

Sa0,: oxygen saturation in %, data presented as or mean (SD) of absolute values or z score.

heart rate and oxygen saturation) (Tables 1 and 2). There were sig-
nificant differences in z-scores of length and weight between the
groups (Table 1).

At 18 months (T2), 57 preterm and 61 term infants were tested
(Fig. 1). Weight and length z-score remained significantly different
between the groups. Although basal heart rate was significantly
higher in the preterm group, no differences were observed in other
vital signs or in the history of bronchitis (Tables 1 and 2).

Infant lung function testing

Although all infants attended for LF appointments at 6 months,
some of the test could not be performed because either infants did
not sleep post chloral sedation, or woke up during the test (4% for
tidal RTC and 22.7% for RVRTC), and some data sets did not fulfil
the technical or quality control criteria (0-4% for RTC and 29.7-38%
for passive respiratory mechanics). The valid tests (%) at T1 were
tidal breathing 89.3%, passive respiratory mechanics 43.3%, RTC
92%, and RVTC 55.3% and at T2 tidal breathing 92.2%, passive res-
piratory mechanics 59.3%, RTC 93.2%, and RVTC 81.4%. There were
no differences between the proportion of valid test results (on-line
supplementary Table S1).

Given the significant differences found between the groups
regarding maternal smoking and the need for oxygen dur-
ing the first 24 h, the results were adjusted for both variables
(Tables 3 and 4).

At T1 ~6 months, significant differences were found in abso-
lute values for total respiratory compliance (Crs), V'maxFRC and
FEF,5_75 (on-line supplementary Table S2). After adjusting for age,
sex, weight and length, no significant differences were observed in
tidal breathing measurements. However, there were differences in
Crs as well as in V'maxFRC, which was significantly lower in the
preterm group. Regarding RVRTC, no differences were observed,
although there was a trend towards a lower FEF,5_75 in preterm
infants (z-score difference —0.46, p=0.059) (Table 3 and Fig. 2).

At T2 ~18 months, significant differences were observed in res-
piratory rate and tidal volume, but there were no differences in
Crs, Rrs, V'maxFRC or RVTC parameters (Fig. 2, Table 4 and on-line
supplementary Table S3). The observed differences at 6 months of
corrected age in Crs z-score, V'maxFRC z-score and FEF;,5_75 (abso-
lute values) were no longer observed at 18 months (Tables 3 and 4
and on-line supplementary Table S4).

Preterm infants showed a significant increase, both unadjusted
and adjusted for incidence of maternal smoking and the need
for supplementary oxygen, between the two tests (Table 5 and
on-line supplementary Table S5) in the z-score of tidal volume,

Crs, Rrs, V'maxFRC, FEVg s, FEF75 and FEF,5_75. This increase was
seen in term infants in respiratory rate, tidal volume and V’'max
FRC. Preterm infants had a significant improvement in respira-
tory mechanics and in FEF (V'maxFRC). Term infants had a greater
increase in tidal breathing z-score (Table 5).

Discussion

We compared the evolution of LF in preterm (30-35 6/7 GA)
“healthy infants” with a contemporary term group at 6- and 18-
months corrected age. Preterm infants had, at 6 months, lower
absolute values of Crs and FEF (V'maxFRC, FEF,5_75). this difference
remained for Crs and V'maxFRC after adjusting for age, sex, body
size, and confounding factors (mother smoking, need for oxygen in
the first 24 h). The more striking finding was that these differences
disappeared at 18 months showing a catch-up in airway function
as reflected by the measures of FEF. Preterm infants also showed
catch-up in tidal volume, total respiratory compliance and resis-
tances, FEV0.5 and FEF. At T2, term infants also showed some degree
of catch-up in tidal volume (higher than preterms) and V’'max FRC
(lower than preterms).

At 6 months, the lower LF observed in the preterm infants with
a normal lung size (normal FVC), is in concordance with previous
studies.”-3:10.27.28 The lower respiratory compliance (Crs) has also
been previously reported.”:310

The finding of a catch-up in LF in our study is in contrast with
previous studies in preterm infants of a similar GA. Hoo et al.®
found a decline in V'maxFRC from the neonatal period to around
1 year of age in preterm infants suggesting for the first time that
the prematurity per se causes a stop in the airways growth that
could be a more important factor than any illness such as BPD.
Friedrich et al. found that healthy preterm infants had normal vital
capacities but decreased FEF in the first months' that persisted at
the 1-year follow-up evaluation.!! This tracking was also shown in
another study including preterm infants with and without BPD.23
Lombardi?® and Verheggen®? found in very preterm infants that
reactance was persistently low at 4 and 8 years of age.

Our work was designed to test the hypothesis that prematu-
rity per se was associated with a deterioration of LF which tracks
along the second year of life with somatic growth without show-
ing a catch-up when compared with healthy term infants. Contrary
with this hypothesis and some reported findings,''%¢ we found that
LF in our preterm infants caught up to normal values when com-
pared with term controls by 18 months corrected age. At 18 months,
we only observed differences in respiratory rate and tidal volume,
probably due to the delayed maturation of the breathing pattern
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Table 3
Technically acceptable lung function results at Test 1, ~6 months.*
Test 1 Preterm Term z-Score difference p Adjusted z-score p
n=74 n=76 (preterm — term) difference
(95% CI) (preterm — term)
(95% CI)
Tidal breathing tests (n) 68 72
Respiratory rate, z-score; mean (SD) 0.17 (0.86) 0.14(1.26) 0.03 (-0.33; 0.39) 0.877 0.09 (—0.30; 0.48) 0.646
Tidal volume, z-score; mean (SD) —0.47 (0.86) —0.59(1.18) 0.12 (-0.23; 0.47) 0.498 0.11 (-0.26; 0.47) 0.570
tPTEF/tE, z-score; mean (SD) —0.10 (0.86) 0.02 (1.11) —0.12 (-0.45; 0.21) 0.480 —0.18 (-0.53; 0.17) 0.305
Passive respiratory mechanics (n) 26 40
Crs, z-score; mean (SD) —0.08 (0.34) 0.24(0.51) —0.32(-0.53; -0.11) 0.003 —-0.36 (-0.60; —0.12) 0.004
Rrs, z-score; mean (SD) 0.14 (1.06) -0.28 (1.27) 0.41(-0.16; 0.99) 0.174 0.42(-0.23; 1.07) 0.202
Tidal RTC (n) 70 68
V’'maxFRC, z-score; mean (SD) —-0.28 (0.92) 0.18 (0.90) —0.47 (-0.77; —0.16) 0.003 -0.43 (-0.76; —0.11) 0.010
Raised volume RTC (n) 43 40
FVC, z-score; mean (SD) —0.49 (1.07) —0.38 (0.96) —0.12 (-0.56; —0.33) 0.603 —0.04 (-0.51; 0.43) 0.870
FEVq s, z-score; mean (SD) -0.59 (1.15) —-0.35(0.92) —0.24 (-0.70; 0.22) 0.303 —0.20 (-0.68; 0.28) 0.414
FEV(5/FVC, z-score; mean (SD) —0.07 (0.68) 0.07 (0.58) —0.13 (-0.41; 0.14) 0.340 —0.16 (—0.44; 0.13) 0.278
FEF7s, z-score; mean (SD) —-0.36 (1.14) —-0.11 (0.79) —0.25(-0.68; 0.18) 0.249 —-0.31(-0.75; 0.14) 0.179
FEF25_75, z-score; mean (SD) —-0.57 (1.14) —0.15 (0.95) —0.42 (—0.88; 0.03) 0.069 —0.46 (—0.93; 0.02) 0.059

" Adjusted difference for smoking mother during pregnancy and the need for oxygen in the first 24 h of life.
SD: standard deviation; tPTEF/tE: time to peak tidal expiratory flow to expiratory time; V'maxFRC: maximal expiratory flow at forced residual capacity; Crs: compliance;
Rrs: resistance; tidal RTC: tidal rapid thoracoabdominal compression; RVRTC: raised volume forced expiration; FVC: forced vital capacity; FEVs: the forced expired volume

at 0.5's; FEF75, FEF,5_75: the forced expired flows at 50%, 75% and 25-75% of the FVC.

Table 4
Technically acceptable lung function tests at Test 2 ~18 months.
Test 2 Preterm Term z-Score difference p Adjusted z-score p
n=>57 n=61 (preterm — term) difference”
(95% CI) (preterm — term)
(95% CI)
Tidal breathing tests (n) 54 55
Respiratory rate, z-score; mean (SD) 0.09 (0.83) —0.26 (0.83) 0.35(0.03; 0.67) 0.030 0.38 (0.05; 0.70) 0.025
Tidal volume, z-score; mean (SD) 0.07 (1.02) 0.52(0.86) —0.46 (—0.81; —0.10) 0.013 —0.46 (—0.83; —0.09) 0.017
tPTEF/tE, z-score; mean (SD) -0.29(0.92) —0.18(1.14) —0.11 (-0.50; 0.29) 0.591 —0.09 (-0.50; 0.32) 0.675
Passive respiratory mechanics (n) 36 34
Crs, z-score; mean (SD) 0.20 (0.43) 0.20 (0.28) 0.00 (—0.17; 0.18) 0.984 0.01(—0.18; 0.19) 0.954
Rrs, z-score; mean (SD) -0.97 (0.89) —0.71 (0.85) —0.27 (-0.68; 0.15) 0.205 —0.27 (-0.70; 0.16) 0.210
Tidal RTC (n) 52 58
V'maxFRC, z-score; mean (SD) 0.85 (1.24) 0.76 (0.98) 0.10 (—0.31; 0.52) 0.621 0.07 (—0.37; 0.50) 0.762
Raised volume RTC (n) 43 53
FVC, z-score; mean (SD) —0.27 (0.98) —0.34(1.00) 0.07 (—0.34; 0.47) 0.734 0.18 (—0.25; 0.60) 0.407
FEVs, z-score; mean (SD) —0.09(1.01) —0.19(1.09) 0.10(-0.33; 0.53) 0.633 0.18 (—0.31; 0.53) 0.601
FEVo.5/FVC, z-score; mean (SD) 0.11(0.36) 0.11(0.36) 0.00 (—0.15; 0.15) 0.983 ~0.02 (-0.17; 0.13) 0.508
FEF75, z-score; mean (SD) 0.10 (0.93) 0.06 (1.04) 0.04 (—0.36; 0.45) 0.831 0.07 (-0.35; 0.48) 0.750
FEF,5.75, z-score; mean (SD) 0.10(0.97) 0.01 (0.98) 0.09 (—0.31; 0.49) 0.664 0.09 (—0.30; 0.49) 0.645

" Adjusted difference for smoking mother during pregnancy and the need for oxygen in the first 24 h of life.
SD: standard deviation; tPTEF/tE: time to peak tidal expiratory flow to expiratory time; V'maxFRC: maximal expiratory flow at forced residual capacity; Crs: compliance;
Rrs: resistance; tidal RTC: tidal rapid thoracoabdominal compression; RVRTC: raised volume forced expiration; FVC: forced vital capacity; FEV(s: the forced expired volume

at 0.5's; FEF7s5, FEF,5_75. the forced expired flows at 50%, 75% and 25-75% of the FVC.

in the preterm infants. Lai et al.,” in agreement with our results,
reported that preterm infants without BPD, and also infants with
mild to moderate BPD showed an improvement in LF during the
second year of life while poor LF persisted in infants with severe
BPD. Their observation and our results suggest that the reduced LF
associated with prematurity during the first years of life, may catch-
up with somatic growth provided there is absence of significant or
additional lung damage caused by BPD leading to low LF that may
persist to later life. Our infants were moderate/late preterms and
had no/little insults in the first 18 months of life which resulted
in no hospital admissions and mild wheezing episodes. The catch
up observed would reinforce the importance of avoiding insults
in the first two years of life, in order to have normal LF later on,
as maybe prematurity could enhance the respiratory response to
usual benign insults (such as viruses, pollution). Our results are in
concordance with Pérez-Tarazona®! that showed that very extreme

preterm infants with BPD had impaired LF that persisted into ado-
lescence, but moderate/late preterm infants showed normal LF.

A study by Kotecha et al.32 found small differences in children
born at 33-34 weeks and no differences in those born at 35-36
weeks.

Feasibility of LFT at this age

We obtained tidal breathing and tidal forced expiration test data
that met international standard in 90% of the infants at T1 and T2.
These data were similar to those reported previously.”$3% How-
ever, only 35% preterm and 51% term infants performed adequate
passive respiratory mechanics tests that met quality control crite-
ria, and 58% preterm and 53% term produced acceptable RV tests at
T1. At T2, feasibility improved to around 60% in passive respiratory
mechanics and 80% in raised volume tests. The failures at T1 may
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Fig. 2. Evolution of lung function (forced expiratory studies) from Test 1 ~6-months to ~18-months. Results according to equations published by Hoo et al.?® and Lum et al."”

Please refer to Table 5 for further results.

Table 5

Catch-up of lung function tests between Test 1, ~6 months and Test 2, ~18 months. Adjusted difference for smoking mother during pregnancy and the need for oxygen in

the first 24 h of life.

Preterm p Term p Preterm — term p
Adjusted z-score Adjusted z-score Adjusted z-score
difference difference difference
(95% CI) (95% CI) (95% CI)
Tidal breathing tests (n) 54 55
Respiratory rate [z-score; mean (95% CI)] -0.13(-0.41; 0.13) 0.339 -0.37(-0.63; —0.11) 0.006 0.24 (-0.14; 0.61) 0.216
Tidal volume [z-score; mean (95% CI)] 0.52(0.23-0.81) <0.001 1.04 (0.76; 1.32) <0.001 —0.52 (-0.93; -0.11) 0.013
tPTEF/tE [z-score; mean (95% CI)] —0.14 (-0.44; 0.16) 0.356 —0.20 (-0.49; 0.08) 0.164 0.06 (—0.35; 0.48) 0.762
Passive respiratory mechanics (n) 26 34
Crs [z-score; mean (95% CI)] 0.32(0.13; 0.50) 0.001 —0.04 (-0.18; 0.11) 0.627 0.35(0.12; 0.59) 0.004
Rrs [z-score; mean (95% CI)] -1.17 (-1.73; -0.61) <0.001 —0.42 (—0.88; 0.04) 0.076 —0.75(-1.48; —0.03) 0.042
Tidal RTC (n) 52 58
V'maxFRC [z-score; mean (95% CI)] 1.06 (0.78; 1.34) <0.001 0.59(0.31; 0.86) <0.001 0.47 (0.08; 0.86) 0.019
Raised volume RTC (n) 43 40
FVC [z-score; mean (95% CI)] 0.17 (-0.19; 0.52) 0.363 0.00 (-0.35; 0.36) 0.978 0.16 (—0.34; 0.66) 0.527
FEVq 5 [z-score; mean (95% CI)] 0.38 (0.01-0.75) 0.049 0.20 (-0.17; 0.57) 0.281 0.18 (-0.35; 0.70) 0.506
FEV(5/FVC [z-score; mean (95% CI)] 0.16 (—0.04; 0.36) 0.114 0.08 (—0.12; 0.28) 0.447 0.08 (—0.20; 0.36) 0.568
FEF;5 [z-score; mean (95% CI)] 0.37 (0.03; 0.70) 0.033 0.28 (-0.04; 0.61) 0.089 0.08 (-0.39; 0.55) 0.728
FEF»5_75 [z-score; mean (95% CI)] 0.53(0.19; 0.86) 0.003 0.25 (—0.09; 0.58) 0.146 0.28 (—0.20; 0.75) 0.247

SD: standard deviation; tPTEF/tE: time to peak tidal expiratory flow to expiratory time; V'maxFRC: maximal expiratory flow at forced residual capacity; Crs: compliance;
Rrs: resistance; tidal RTC: tidal rapid thoracoabdominal compression; RVRTC: raised volume forced expiration; FVC: forced vital capacity; FEVs: the forced expired volume
at 0.5s; FEF7s, FEF»5_75. the forced expired flows at 50%, 75% and 25-75% of the FVC.

be due to inadequate duration of quiet sleep, glottis narrowing and
the difficulty in getting a good sedation level, as the results showed
poor relaxation pattern for the calculation of passive mechanics,
and early awakenings in RVRTC, or irregularities due to secretions
or glottis narrowing that gave low quality results. At T2, quality
of data improved, maybe due to improved experience in the staff,
as it requires special training!4 and also because of longer epochs
of quiet sleep in infants during LF tests due to maturation of both
groups.'® Since there is little literature published about feasibility
data at this age, we have not much data to compare. Nevertheless,
it seems a technique that in qualified hands, with proper technique
and appropriate equations and availability of a control group,3334

it could provide reliable results and offer a good opportunity for
long term follow up until adult life.

The main strength of this study was the inclusion of a group
of term infants®33* tested at the same corrected age and in the
same centres by the same team of staff using the same method-
ology and equipment. Collaboration with the UK group resulted
in training being provided by experienced London investigators,
as well as having independent quality control and over-read of
data as the study progressed. Appropriate reference equations were
used which facilitates an accurate interpretation of results.!”-26 The
main limitation was that we could not get reliable results in all
the tests measured at 6 and 18 months and that there were some
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losses in the follow-up, although we fulfilled the calculated sam-
ple size for all parameters. We especially had a low success rate
of the passive respiratory mechanics tests at T1 due to the infants
not being in epochs of relaxed sleep long enough. As the LF test
protocol was relatively long, and since we aimed to achieve a high
success rate at the raised volume manoeuvres (i.e., airway function
assessment), we decided to focus on the raised volume manoeuvres
which were performed towards end of the test protocol. Another
limitation was that we could not measure FRC and RV since we did
not perform pletismography,> which could have given us more
information about lung volume and alveolarization in the preterm
group.36

In conclusion, in our cohort at 6 months preterm healthy infants
had lower forced expiratory flows and lower absolute values of
respiratory compliance when compared with healthy term infants.
However, these differences disappeared at 18 months of corrected
age showing a catch-up growth of airway function.

Funding

Supported by a non-restricted grant from AbbVie to Vall
d’Hebron Research Institute.

Conflict of interests

AMG, have participated in Advisory Boards sponsored by Abb-
vie, Sanofi-aventis and Astra Zeneca, received institutional grants
from AbbVie, received honoraria for lectures from Abbvie, and has
received payment for conference registration and travel support
from Novartis, Abbvie and Actelion. EGPY received institutional
grants for research from Abbvie in the last 5 years. IMM has partici-
pated in Advisory Boards sponsored by GSK and received honoraria
for lectures from them.

Acknowledgements

We thank the infants and their parents for participating in the
research studies. We are very grateful to Janet Stocks, Sooky Lum,
and Ah-Fong Hoo from Respiratory, Critical Care & Anaesthesia sec-
tion, UCL-Great Ormond Street Institute of Child Health, London,
United Kingdom, for their help with technical training and sugges-
tions for the design of the study. We thank Xavier Vidal from Institut
Catala de Farmacologia, Barcelona for his help with statistical anal-
ysis of the data. AMG participate at ERN-LUNG.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.arbres.2021.07.007.

References

1. Hoo AF, Gupta A, Lum S, Costeloe KL, Huertas-Ceballos A, Marlow N, et al. Impact
of ethnicity and extreme prematurity on infant pulmonary function. Pediatr
Pulmonol. 2014;49:679-87, http://dx.doi.org/10.1002/ppul.22882.

2. Fawke ], Lum S, Kirkby ], Hennessy E, Marlow N, Rowell V, et al. Lung
function and respiratory symptoms at 11 years in children born extremely
preterm: the EPICure study. Am ] Respir Crit Care Med. 2010;182:237-45,
http://dx.doi.org/10.1164/rccm.200912-18060C.

3. Doyle LW, Anderson PJ. Adult outcome of extremely preterm infants. Pediatrics.
2010;126:342-51, http://dx.doi.org/10.1542/peds.2010-0710.

4. Thunqvist P, Gustafsson P, Norman M, Wickman M, Hallberg ]. Lung
function at 6 and 18 months after preterm birth in relation to sever-
ity of bronchopulmonary dysplasia. Pediatr Pulmonol. 2015;50:978-86,
http://dx.doi.org/10.1002/ppul.23090.

5. Lum S, Hiillskamp G, Merkus P, Baraldi E, Hofhuis W, Stocks J. Lung function tests
in neonates and infants with chronic lung disease: forced expiratory maneuvers.
Pediatr Pulmonol. 2006;41:199-214, http://dx.doi.org/10.1002/ppul.20320.

6. Simpson SJ, Logie KM, O’Dea CA, Banton GL, Murray C, Wilson AC, et al.
Altered lung structure and function in mid-childhood survivors of very

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.
. American Thoracic

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

244

Archivos de Bronconeumologia 58 (2022) 237-245

preterm birth. Thorax. 2017;72:702-11, http://dx.doi.org/10.1136/thoraxjnl-
2016-208985.

. Lai SH, Chiang MC, Chu SM, Hsu JF, Yao TC, Tsai MH, et al. Evolution and deter-

minants of lung function until late infancy among infants born preterm. Sci Rep.
2020;10:490, http://dx.doi.org/10.1038/s41598-019-57359-x.

. Hoo AF, Dezateux C, Henschen M, Costeloe K, Stocks ]. Development of air-

way function in infancy after preterm delivery. ] Pediatr. 2002;141:652-38,
http://dx.doi.org/10.1067/mpd.2002.128114.

. Fakhoury KF, Sellers C, Smith EOB, Rama JA, Fan LL. Serial measurements of

lung function in a cohort of young children with bronchopulmonary dysplasia.
Pediatrics. 2010;125:e1441-17, http://dx.doi.org/10.1542/peds.2009-0668.
Friedrich L, Stein RT, Pitrez PM, Corso AL, Jones MH. Reduced lung function in
healthy preterm infants in the first months of life. Am ] Respir Crit Care Med.
2006;173:442-7, http://dx.doi.org/10.1164/rccm.200503-4440C.

Friedrich L, Pitrez PM, Stein RT, Goldani M, Tepper R, Jones MH. Growth
rate of lung function in healthy preterm infants. Am ] Respir Crit Care Med.
2007;176:1269-73, http://dx.doi.org/10.1164/rccm.200703-4760C.
Carbonell-Estrany X, Quero ], IRIS Study Group. Hospitalization rates
for respiratory syncytial virus infection in premature infants born
during two consecutive seasons. Pediatr Infect Dis J. 2001;20:874-9,
http://dx.doi.org/10.1097/00006454-200109000-00010.

Moreno-Gald6 A, Pérez-Yarza EG, Ramilo O, Rubi T, Escribano A, Torres A,
et al. Recurrent wheezing during the first 3 years of life in a birth cohort of
moderate-to-late preterm infants. Pediatr Allergy Immunol. 2020;31:124-32,
http://dx.doi.org/10.1111/pai.13134.

Stocks J, Coates A, Bush A. Lung function in infants and young children with
chronic lung disease of infancy: the next steps? Pediatr Pulmonol. 2007;42:3-9,
http://dx.doi.org/10.1002/ppul.20520.

Gappa M, Pillow J], Allen ], Mayer O, Stocks J. Lung function tests in neonates
and infants with chronic lung disease: lung and chest-wall mechanics. Pediatr
Pulmonol. 2006;41:291-317, http://dx.doi.org/10.1002/ppul.20380.

Hiilskamp G, Pillow JJ, Dinger ], Stocks J. Lung function tests in neonates and
infants with chronic lung disease of infancy: functional residual capacity. Pediatr
Pulmonol. 2006;41:1-22, http://dx.doi.org/10.1002/ppul.20318.

Lum S, Bountziouka V, Wade A, Hoo AF, Kirkby ], Moreno-Galdé A, et al. New
reference ranges for interpreting forced expiratory manoeuvres in infants and
implications for clinical interpretation: a multicentre collaboration. Thorax.
2016;71:276-83, http://dx.doi.org/10.1136/thoraxjnl-2015-207278.

Coté CJ, Wilson S, American Academy of Pediatrics, American Academy of Pedi-
atric Dentistry. Guidelines for monitoring and management of pediatric patients
before during, and after sedation for diagnostic and therapeutic procedures:
update 2016. Pediatrics. 2016:138, http://dx.doi.org/10.1542/peds.2016-1212,
pii: €20161212.

Hoo AF, Lum S, Mattes ], Stocks ]. Manual of infant
tion tests. London: UCL Institute of Child Health Discovery;
https://discovery.ucl.ac.uk/id/eprint/1430460

WHO Child Growth Standards: http://www.who.int/childgrowth/en/.21.
Society, European Respiratory Society. ATS/ERS
statement: raised volume forced expirations in infants: guidelines
for current practice. Am ] Respir Crit Care Med. 2005;172:1463-71,
http://dx.doi.org/10.1164/rccm.200408-1141ST.

Bates ], Schmalisch G, Filbrun D, Stocks ]. Tidal breath analysis for
infant pulmonary function testing. Eur Respir J. 2000;16:1180-92,
http://dx.doi.org/10.1034/j.1399-3003.2000.16f26.x.

Gappa M, Colin AA, Goetz 1, Stocks ]. Passive respiratory mechan-
ics: the occlusion techniques. Eur Respir J. 2001;17:141-8,
http://dx.doi.org/10.1183/09031936.01.17101410.

Sly PD, Tepper R, Henschen M, Gappa M, Stocks ]J. Standards for infant respi-
ratory function testing: tidal forced expirations. Eur Respir J. 2000;16:741-8,
http://dx.doi.org/10.1034/j.1399-3003.2000.16d29.x.

Hoo AF, Dezateux C, Hanrahan JP, Cole TJ, Tepper RS, Stocks ]. Sex-
specific prediction equations for Vmax(FRC) in infancy: a multicen-
ter collaborative study. Am ] Respir Crit Care Med. 2002;165:1084-92,
http://dx.doi.org/10.1164/ajrccm.165.8.2103035.

Nguyen TT, Hoo AF, Lum S, Wade A, Thia LP, Stocks ]J. New reference equa-
tions to improve interpretation of infant lung function. Pediatr Pulmonol.
2013;48:370-80, http://dx.doi.org/10.1002/ppul.22656.

Go M, Schilling D, Nguyen T, Durand M, McEvoy CT. Respiratory compliance in
late preterm infants (340/7 to 346/7 weeks) after antenatal steroid therapy. ]
Pediatr. 2018;201:21-6, http://dx.doi.org/10.1016/j.jpeds.2018.05.037.
Sanchez-Solis M, Pérez Fernindez V, Bosch Gimenez V, Quesada ]J,
Garcia-Marcos L. Lung function gain in preterm infants with and with-
out broncopulmonary displasia. Pediatr Pulmonol. 2016;51:936-42,
http://dx.doi.org/10.1002/ppul.23393.

Lombardi E, Fainardi V, Callogero C, Puglia M, Voller F, Cutini M, et al. Lung
function in a cohort of 5-year-old children born very preterm. Pediatr Pulmonol.
2018;53:1633-9, http://dx.doi.org/10.1002/ppul.24179.

Verheggen M, Wilson AC, Jane Pillow ], Stick SM, Hall GL. Respiratory func-
tion and symptoms in young preterm children in the contemporary era. Pediatr
Pulmonol. 2016;51:1347-55, http://dx.doi.org/10.1002/ppul.23487.
Perez-Tarazona S, Rueda Esteban S, Garcia-Garcia ML, Arroyas M, de Mir-Messa
I, Acevedo Valarezo T, et al. Respiratory outcomes of “new” bronchopulmonary
dysplasia in adolescents: a multicenter study. Pediatr Pulmonol. 2021:1-10,
http://dx.doi.org/10.1002/ppul.25226.

Kotecha SJ, John Watkins W, Paranjhoty S, Dunstan FD, John Jender-
son A, Kotecha S. Effect of late preterm birth on longitudinal lung

lung func-
2014.


http://dx.doi.org/10.1016/j.arbres.2021.07.007
dx.doi.org/10.1002/ppul.22882
dx.doi.org/10.1164/rccm.200912-1806OC
dx.doi.org/10.1542/peds.2010-0710
dx.doi.org/10.1002/ppul.23090
dx.doi.org/10.1002/ppul.20320
dx.doi.org/10.1136/thoraxjnl-2016-208985
dx.doi.org/10.1136/thoraxjnl-2016-208985
dx.doi.org/10.1038/s41598-019-57359-x
dx.doi.org/10.1067/mpd.2002.128114
dx.doi.org/10.1542/peds.2009-0668
dx.doi.org/10.1164/rccm.200503-444OC
dx.doi.org/10.1164/rccm.200703-476OC
dx.doi.org/10.1097/00006454-200109000-00010
dx.doi.org/10.1111/pai.13134
dx.doi.org/10.1002/ppul.20520
dx.doi.org/10.1002/ppul.20380
dx.doi.org/10.1002/ppul.20318
dx.doi.org/10.1136/thoraxjnl-2015-207278
dx.doi.org/10.1542/peds.2016-1212
https://discovery.ucl.ac.uk/id/eprint/1430460
http://www.who.int/childgrowth/en/.21
dx.doi.org/10.1164/rccm.200408-1141ST
dx.doi.org/10.1034/j.1399-3003.2000.16f26.x
dx.doi.org/10.1183/09031936.01.17101410
dx.doi.org/10.1034/j.1399-3003.2000.16d29.x
dx.doi.org/10.1164/ajrccm.165.8.2103035
dx.doi.org/10.1002/ppul.22656
dx.doi.org/10.1016/j.jpeds.2018.05.037
dx.doi.org/10.1002/ppul.23393
dx.doi.org/10.1002/ppul.24179
dx.doi.org/10.1002/ppul.23487
dx.doi.org/10.1002/ppul.25226

I. de-Mir-Messa, O. Sardén-Prado, M. Sdnchez-Solis et al.

33.

34.

spirometry in school age children and adolescents. Thorax. 2012;67:54-61,
http://dx.doi.org/10.1136/thoraxjnl-2011-200329.

Lum S, Hoo AF, Hulskamp G, Wade A, Stocks ]. Potential misinterpretation of
infant lung function unless prospective healthy controls are studied. Pediatr
Pulmonol. 2010;45:906-13, http://dx.doi.org/10.1002/ppul.21255.

Stocks J, Modi N, Tepper R. Need for healthy control subjects when assessing
lung function in infants with respiratory disease. Am ] Respir Crit Care Med.
2010;182:1340-2, http://dx.doi.org/10.1164/rccm.201008-1338ED.

35.

36.

245

Archivos de Bronconeumologia 58 (2022) 237-245

Schmalisch G, Wilitzki S, Roehr CC, Proquitté H, Buhrer C. Differential effects
of immaturity on neonatal lung disease on the lung function of very low
birth weight infants at 48-52 postconceptional weeks. Pediatr Pulmonol.
2013;48:1214-23, http://dx.doi.org/10.1002/ppul.22770.

Surate S, Rodriguez Castillo JA, Ahlbrecht K, Morty RE. Recent advances in our
understanding of the mechanisms of late lung development and bronchopul-
monary dysplasia. Am ] Physiol Lung Cell Mol Physiol. 2017;313:L1101-53,
http://dx.doi.org/10.1152/ajplung.00343.2017.


dx.doi.org/10.1136/thoraxjnl-2011-200329
dx.doi.org/10.1002/ppul.21255
dx.doi.org/10.1164/rccm.201008-1338ED
dx.doi.org/10.1002/ppul.22770
dx.doi.org/10.1152/ajplung.00343.2017

	Development of Lung Function in Preterm Infants During the First Two Years of Life
	Introduction
	Methods
	Infant lung function tests
	Statistical analysis and sample size

	Results
	Study subjects
	Infant lung function testing

	Discussion
	Feasibility of LFT at this age

	Funding
	Conflict of interests
	Acknowledgements
	Appendix A Supplementary data
	References


