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Abstract

Objective: The increased survival of preterm infants poses the challenge of dealing with a wide range of chronic
pulmonary diseases, including bronchopulmonary dysplasia, Wilson-Mikity syndrome and recurrent wheezing. This
article reviews the pulmonary clinical and functional prognosis of preterm newborns in infancy and adolescence.

Source of data: MEDLINE search for articles published between 1970 and 2004 that focused on lung growth
and function of preterm infants, besides a clinical follow-up of this group.

Summary of the findings: Prenatal and postnatal events, such as placental insufficiency, tobacco exposure,
infections, oxygen and mechanical ventilation, have an important effect on lung development and can lead to chronic
lung diseases, of which bronchopulmonary dysplasia is the most severe complication. However, significant loss of
lung function occurs in preterm infants who do not fulfill the criteria for bronchopulmonary dysplasia, and even in
those who did not have significant respiratory disease during the neonatal period. The impact of prematurity on the
respiratory system of these patients is usually underestimated. Clinically, preterm infants have an increased
incidence of pneumonia and bronchiolitis, hospital readmissions due to respiratory diseases, chronic cough and
wheezing and bronchial hyperresponsiveness. In adolescence, there is a tendency for normalization of the lung
function, but they persist with reduced flows, lower exercise tolerance and bronchial hyperresponsiveness.

Conclusions: Prematurity, the events that cause it and the interventions that follow it permanently change the
development of the respiratory system. Studies are necessary to clarify the effect of each of these perinatal insults
on the development of the respiratory system.

J Pediatr (Rio J). 2005;81(1 Suppl):S79-S88: Premature infant, bronchopulmonary dysplasia, spirometry,
breath tests, hyaline membrane disease.

Pulmonary prognosis in preterm infants

Luciana Friedrich,1 Andréa L. Corso,1 Marcus H. Jones2

0021-7557/05/81-01-Supl/S79
Jornal de Pediatria
Copyright © 2005 by Sociedade Brasileira de Pediatria

Introduction

Over the last twenty years the development of new
neonatal intensive care techniques has offered a significant
increase in preterm infant survival rates. Increased
knowledge about neonatal physiology and pathology,
routine use of corticoid therapy for expectant mothers in
imminent danger of going into premature labor, the
introduction of therapies such as exogenous surfactant

and new antimicrobial lines, in addition to new methods
of ventilatory support, have resulted in ever more
extremely premature infants survive childhood and
successfully reach adulthood. Recent data demonstrated
an increase of up to 80% in the survival of premature
infants born at weights between 500 and 750 g,1 with
around 75% of premature infants born at 26 to 27 weeks�
gestational age at tertiary centers survive to 5 years of
age.2 In this context, the principal cause of mortality for
this subset is no longer immaturity, but chronic lung
disease, meaning that more babies survive the neonatal
period, but present later morbidity and mortality, due to
sequelae of prematurity such as bronchopulmonary
dysplasia (BPD).1 Thus, the survival of ever more
premature infants has progressively increased the
incidence of chronic pulmonary diseases.3-5
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Obstructive pulmonary diseases, ranging from recurrent
coughing and wheezing to respiratory failure, remain
significant complications of prematurity.6-7 This article
takes as its objective a review of the pulmonary prognosis
(clinical and functional) of premature infants through
childhood and adolescence.

Intrauterine development of the respiratory
system

The respiratory system undergoes significant structural
changes during intrauterine development.8-9 The airways
are completely formed very early, at around 16 weeks�
gestational age, during the pseudoglandular stage of fetal
pulmonary development. Between the 16th and 24th weeks,
during the canalicular stage, these conductive structures
increase in caliber, and during the saccular stage, between
24 and 36 weeks, the pre-acinar airways grow, the
bronchioles develop and the acini are formed. The airways
continue growing after birth, doubling their diameter and
tripling their length by adulthood.

The alveoli, on the other hand, only begin to develop at
around 28 weeks� gestation during the saccular pulmonary
development phase, continuing to develop up to 3 years
postpartum and continue multiplying and increasing in
volume until the start of adulthood.10

Taking this pattern of development into account, it is to
be expected that prenatal and early postnatal factors have
an important effect on later pulmonary growth. It is known
that any stage of respiratory system development can be
susceptible to damage from many different mechanisms
with risks of altering the normal pattern of development.10

A number of different factors have been described as
being capable of affecting the immature pulmonary systems
of preterm newborn babies, thus altering the development
of respiratory tracts, alveolarization and the formation of
pulmonary microvasculature. The principal prenatal factors
that determine fetal pulmonary development are fetal
growth and the duration of pregnancy. It is, however,
difficult to differentiate pulmonary damage resulting from
prematurity in isolation from damage secondary to
ventilatory interventions during the neonatal period, since
the two are intimately related. Other factors, such as
hypoxia, placental insufficiency and smoking can also
have a direct effect on normal pulmonary growth and
development.10

Postnatal pulmonary growth

Postnatal factors that can interfere with normal pulmonary
development are much more difficult to assess since there
are no studies of function immediately before and after
potentially adverse perinatal exposures. Nevertheless,
certain factors, such as the development of the neonatal
immune system and local airway responses to irritant and,
in particular, infectious agents appear to be associated with
reduced pulmonary function in fullterm infants and should
be considered as relevant to later pulmonary prognosis.10

The physiological alterations that take place in the
cardiocirculatory system after birth mean that premature
infants are exposed early to factors that are potentially
prejudicial to their structurally immature lungs. The
extrauterine environment triggers active respiration, an
abrupt drop in pulmonary vascular resistance and a
significant increase in the perfusion of blood to these
organs, in addition to exposure to oxygen (O2)
concentrations considerably higher than those of
intrauterine life. The need for mechanical ventilation
(MV) increases the risk of lung damage from oxygen free
radicals, and exposure to large volumes and peak
inspiratory pressures (PIP) can cause barotrauma with
resulting injury to the respiratory epithelium. Studies
with animals have shown that MV and exposure to high
oxygen concentrations can induce a reduction in the
formation and development of alveoli, provoking a series
of histopathological findings characteristic of the
phenomenon known as BPD.11

The process involved in repair of respiratory system,
damage is generally called �remodeling�. Little is known
about the varying remodeling patterns that take place in
the immature respiratory system, changing according to
the developmental stage that is affected. It does, however,
appear to be clear that this remodeling takes place within
several different important lung structures, including the
epithelium, the extracellular matrix, smooth musculature
and mucus secretion.10

Therefore, many different perinatal factors can trigger a
sequence of events which will lead to the development of
persistent structural abnormalities and, consequently, to an
increased incidence of later respiratory morbidity.

Chronic lung disease of prematurity

The diagnosis of chronic lung disease of prematurity
(CLDP) covers a wide spectrum of respiratory conditions
resulting from prematurity, such as distinct BPD
presentations, Wilson-Mikity syndrome and recurrent
wheezing associated or not with gastroesophageal reflux.12

Clinically, CLDP ranges from apparently healthy newborn
babies with no significant neonatal respiratory events,
but who exhibit ventilatory function losses, to newborn
babies with severe ventilatory disorders who are dependent
of oxygen.

The most severe clinical complication observed among
survivors of neonatal respiratory diseases is BPD, which
is easily diagnosed by prolonged oxygen dependency and
characteristic radiological findings.13,14 This pathology
was first described by Northway et al. in 1967.14 Later, in
1979, Bancalari15 described a new presentation of the
pathology, called �new BPD�, in which premature infants
develop the pathology without previous hyaline membrane
disease (HMD) and MV.16 This new BPD phenotype appears
to principally manifest as reduced alveolar development
rather than as airway damage, manifesting through more
subtle signs, such as tachypnea and prolonged oxygen
requirement.17



Jornal de Pediatria - Vol. 81, No.1(Suppl), 2005  S81

Currently two definitions of BPD continue to be used, of
which the second seems to better predict long-term
pulmonary prognosis:18

� Oxygen dependency and characteristic radiology findings
at 28 to 30 days postpartum.19

� Oxygen/supplementary ventilation dependency at 36
weeks� postconceptional age.18

Currently the incidence of BPD is at around 30% for
newborn babies with birth weights below 1,000 g,20 being
less frequent among those over 1,250 g or born at gestational
ages over 30 weeks.21 The etiology of BPD is multifactor and
pulmonary inflammation contributes significantly to
development.14,22 Prolonged MV use with premature infants
smaller than 1,250 g remains one of the primary factors
responsible for the development of BPD.

Thus, BPD represents the extreme of the spectrum of
pulmonary damage induced by prematurity and ante and
postnatal events. However, significant losses of pulmonary
function can also occur among premature infants who do not
fulfill the criteria for BPD and who do not present significant
respiratory disease during the neonatal period.23-25 Among
these patients, the impact of prematurity on the respiratory
system is often underestimated, in part as a result of the
scarcity of clinical signs suggestive of lost pulmonary function,
but also because of the limited possibilities for investigating
that function during the first years of life.

Clinical and functional respiratory progress
in premature infants

Prematurity and respiratory disease � clinical studies

The great majority of the original studies that assessed
the respiratory outcomes of children born preterm in the 60s
and 70s did not find evidence of differences between
premature infants who had and who had not been put on
ventilatory support, nor between those with and without
HMD or BPD, possibly due to the small number of premature
infants that survived the neonatal period at that time. Thus
it was not possible to assess the impact of each of these
factors in isolation on the outcomes tested. Against this
background, several different studies have described long
term pulmonary findings in children born preterm, including
increased incidence of pneumonia and bronchiolitis,26

frequent re-hospitalizations for respiratory diseases,27-29

chronic and recurrent coughing and wheezing29,30 bronchial
hyperreactivity29,31,32 and pulmonary function
abnormalities, such as increased resistance, a propensity
towards air trapping and reduced flow.29,30,33-36

Kitchen et al. reported an increase in the risk of re-
hospitalizations and also in the number of days spent in
hospital in premature infants of up to 5 years of age
(principally during the first 2 years), with premature
infants born with birth weights of less than 1,000 g
exhibiting around three times more re-hospitalizations,
compared with fullterm children. The principal causes of
hospitalizations were respiratory infections (bronchitis,
bronchiolitis, upper airway infections, pneumonia, acute

otitis media and sore throats), and ear nose and throat
surgery. Respiratory problems were shown to be the
primary cause of morbidity in the premature group (40%).
Surprisingly, hospital admissions due to asthma were not
more frequent for the premature infant group, and neither
were the period on MV nor oxygen dependency (O2)
statistically associated with increased incidence of re-
hospitalizations among premature infants.28

Although some reports do exist of associations between
prematurity and increased incidence of asthma during
childhood,37,38 other authors30 have failed to find a
relationship between asthma, prematurity and perinatal
factors, including respiratory disease at birth, when compared
with fullterm children. Greenough et al. reported a high
prevalence of respiratory symptoms in premature infants,
being of the order of 47, 36 and 33%, for the first, second
and third years of life respectively.39

Bronchopulmonary dysplasia survivors tend to present
increased incidence rates of infections of the lower respiratory
tract (bronchiolitis, pneumonia), when compared to
premature infants with no BPD. Furthermore, increases
were also demonstrated in the incidence rates of bronchitis
(up to 2 years) and acute otitis media (from 2 to 5 years)
in this population, when compared with premature infants
without BPD and fullterm controls.40

These children tend to be more susceptible to airway
hyper-responsiveness and repeat respiratory infections,
with an increased risk of hospitalizations during the first two
years of life.21 Some of these patients exhibit severe lung
disease, requiring MV and/or oxygen supplementation for
months or years.21

Premature infants with BPD, in particular if requiring
home oxygen therapy, suffer negative repercussions to
their somatic growth, with significant findings observed,
with reduced weight and head circumference at 30 months
in dysplastic premature infants on oxygen, when compared
with those who had been discharged breathing normal air.
This fact could be explained by the greater energy expenditure
resulting from the respiratory disease and the concomitant
feeding difficulties of these patients.41 Severe BPD also
exhibits serious repercussions for the neurological
development of premature infants and it has been
demonstrated that this disease is an independent factor
associated with cerebral palsy in surviving premature infants,
in common with intracranial hemorrhage.42

Functional assessment during
the first years of life

The evaluation of the pulmonary functions of children
less than 1 year of age was, until a few years ago, limited
due to the absence of non-invasive tests that did not require
such small patients to cooperate. The majority of studies
used esophageal manometry and plethysmography of the
whole body to measure pulmonary resistance and airways.43

These techniques are invasive, technically difficult to be
performed, and require expensive material. Therefore, the
technique known as rapid thoracic compression (or partial
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forced expiratory maneuvers � PFEM) and, later, a raised
volume rapid thoracic compression (or full expiratory
maneuvers)44 were developed with success for small infants,
demonstrated as reproducible and comparable to spirometry
performed on large children and adults, with reference
values having been described for a number of different age
groups.43-45

Historically, the greater incidence of respiratory diseases
observed in children born prematurely has been attributed
to two factors: pulmonary immaturity and the intensity of
the ventilatory support used during the neonatal period.29-

31,33-36,46-48 McLeod et al.29 found an association between
reduced flows and forced vital capacity (FVC) in premature
infants who had needed MV for periods longer than 28 days
and/or extended oxygen use at concentrations over 40%
during neonatal hospital care.

However, recent cohort studies have suggested that
gestational age49-52 and birth weight and/or intrauterine
growth restriction30,34,46,50,53 may be the more important
determinants of childhood pulmonary function than
intercurrent conditions suffered during the perinatal period.
Rona et al.53 suggested that each extra week of gestation
reduces the risk of later severe wheezing by 10%. Nikolajev

et al.54 found reduced flow (but not volume) in children born
small for gestational age (SGA), when compared with their
appropriate for gestational age (AGA) twins. According to
this hypothesis (called �disynaptic growth�) intrauterine
growth restriction would lead to an unbalanced pattern of
pulmonary and airway growth, with the latter being narrow
with respect of the parenchymal volume. These �abnormal�
airways would be unable to keep up with the parenchyma�s
normal growth, thus resulting in reduced expiratory flow.54

The major studies of pulmonary function in premature
infants during their first years of life are listed in Table 1.

Healthy preterms

There are few studies in recently published literature
evaluating premature infants with no neonatal respiratory
diseases.49-51,55 A large proportion of the studies that are
available were made of school aged children and adolescents,
when they were already able to cooperate with spirometric
tests.50,51,55 Furthermore, the majority of such research
into children considered �healthy� who had been born
prematurely, included babies who had required ventilatory
assistance for short periods and also children who developed

Author Patients Age at PFT (corrected) Method Results

Tepper et al.68 20 PMT with BPD Before discharge Helium dilution ↓ Flows and mixing index
111 PMT and 17 months Mixing index PFEM in BPD and worse in the

and healthy FTN second test

Yuksel & 21 healthy PMT 6-20 months Plethysmography ↑ RSR and  RFC
Greenough24 2 measures Helium dilution

Merth et al.25 26 healthy PMT 0-60 weeks Compliance RSC, equal lung volumes
43 FTN Helium dilution and mixing index

Mixing index among groups

Baraldi et al.70 24 PMT with BPD 10-20 days of life Single breath Initially ↓ RSC, ↑ RSR
3, 6, 9, 12, N2 washout and ↓ RFC, but normal
24 months PFEM at the age of 2.

Flows remain ↓

Hoo et al.58 24 healthy PMT 3 weeks PFEM Normal flows
and 1 year in the first test,

but ↓ in the second

Hjalmarson & 32 healthy PMT 32-37 weeks N2 washout PMT with ↓ RFC, RSC and
Sandberg23 53 FTN 40 weeks Compliance gas mixing in both tests

Resistance

Robin et al.17 28 PMT with BPD < 3 years FFEM BPD with ↓ flows,
Plethysmography ↑ RFC and RV.

Normal TLC

Table 1 - Major studies of pulmonary function in premature infants

PFT = pulmonary function test; PMT = premature; BPD = bronchopulmonary dysplasia; FTN = full term newborn; mixing index = index of ventilation homogeneity;
PFEM = partial forced expiratory maneuvers; RSR = respiratory system resistance; helium dilution = method for measuring pulmonary volumes; RFC = residual
functional capacity; RSC = respiratory system compliance; FFEM = full forced expiratory maneuvers; RV = residual volume; TLC = total lung capacity.
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mild forms of CLDP.49-51,55 It has been demonstrated that
a few minutes of ventilation with positive pressure are
sufficient to trigger epithelial damage to the airways of
immature newborns because they are more prone to lung
injuries due to the immaturity of cellular junctions in their
lungs, low antioxidant enzyme levels and low concentrations
of factors that promote pulmonary differentiation and
regeneration.56,57 As a result of these limitations the
majority of these studies were not capable of detecting
whether the respiratory complications found in these
populations were purely the result of prematurity in isolation
or of the lung damage resulting from ventilatory support
employed during the perinatal period.50

Recently, some authors suggested that prematurity per
se may be an independent risk factor for later pulmonary
function abnormalities.29,49,51,55,58 Such abnormalities
would be most obvious during the first years of life, becoming
less evident over the following years.23

The first twelve months of life are characterized by a
high rate of somatic and, consequently, pulmonary growth,
in addition to being the period during which the majority of
childhood respiratory problems have onset, whether the
result of intercurrent conditions suffered during the neonatal
period or not. Since only the saccular phase of intrauterine
pulmonary development is complete by 36 weeks�
gestation,47 premature birth is associated with an interruption
of the normal pulmonary development process and can
result in abnormal lung and airway mechanical properties.
Abnormal pulmonary function at an early age would explain
the high levels of morbidity and mortality due to respiratory
diseases in this population during the first year of life and
could possibly be related with chronic obstructive
abnormalities during adulthood.

Few recent studies were found that assessed the
pulmonary function of healthy premature infants during the
first months of life. Merth et al.25 measured respiratory
system residual functional capacity (RFC) and compliance
(RSC) in premature infants before 12 months, finding no
differences comparing premature infants with fullterm babies
when corrected postconceptional age was used.25

A study published in 2002 by Hjalmarson & Sandberg,23

however, found significant reductions in RFC and RSC in
premature infants at 40 weeks� postconceptional age,
demonstrating dysfunction of terminal respiratory units and
an increase in elastic recoil, compared with fullterm infants.
These results would be the result of a changed period of
alveolarization. Due to the fact that airway development
precedes the development of alveoli and pulmonary
microvasculature, parenchymal development disorders may
be more severe than airway abnormalities when tested a
short time after premature birth.

In 1992, Yuksel24 had already found increased airway
resistance and of RFC in healthy premature infants at 6 and
at 20 months corrected, suggesting that alveolar and airway
development are abnormal in this subset of babies. The only
study that has evaluated pulmonary flow in healthy premature
infants during their first year of life was undertaken by Hoo
et al.,58 who observed a significant reduction in VmaxFRC

(maximum flow at functional residual capacity) in healthy
premature infants, compared with fullterm controls.
Additionally, they observed worsening of expiratory flow
over the first year of life.58 These results are controversial
since the expectation would be for pulmonary function to
improve as airways grow over the first years of life. Gappa
et al.59 presented data on premature infants with and
without BPD collected in three European countries (England,
Germany and Norway), that also suggested reduced
pulmonary function in this subset at 1 year of age, irrespective
of the severity of subjacent disease or the mode of ventilation
during the neonatal period. These data require confirmation
in a larger prospective study, but emphasize the importance
of serial pulmonary measurements, using a suitable control
group when interpreting the long term effects of neonatal
ventilatory management.59

These studies by Hjalmarson & Sandberg23 and Hoo et
al.58 emphasized the importance of prematurity per se for
subsequent pulmonary growth, allying themselves with
Jobe�s60 proposal that such children were, functionally,
growing beyond their airways. The mechanisms subjacent
to these observations remain the subject of speculation, but
perhaps include the fact that maturation, dimensional
growth and alveolar septation take place in a distinct
manner after a premature birth, which could result in
airways that are more compliant, smaller and/or with less
alveoli �connections�.59 Such theories lead to the hypothesis
that CLDP might be associated with chronic obstructive
disease in periods after childhood.7 In conclusion: there is
growing evidence that the reduction in pulmonary function
that follows preterm birth could be related to developmental
abnormalities, irrespective of the severity of initial disease
and the effects of ventilatory therapies employed, and that
antenatal care and prematurity prevention are as important
for future pulmonary health over the long term as new
improvements to ventilatory strategies during the neonatal
period.59

There still remain several gaps in our understanding of
normal pulmonary growth and development and of the
respiratory system�s response to early insults. In contrast
with survivors of BPD, HMD and MV, the pulmonary
function of healthy premature infants has not yet been
sufficiently studied, and little is known about how the
process of pulmonary development and maturation of
healthy premature human infants might be affected by
prematurity in itself.

Premature infants with BPD

The functional consequences of BPD have been known
for decades in older children, but the development of new
techniques for assessing pulmonary function in infants has
made its detection possible during the first years of life.

Even using a little sensitive technique, nitrogen washout,
Gerhardt et al.61 observed a reduction in pulmonary
compliance and conductance in children with BPD. Following-
up the pulmonary function of these children by means of
serial measurements appear to demonstrate progressive
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improvement, with improvements being described in
compliance and conductance of 50 to 80% of that expected
during the first years of life, achieving levels close to normal
by three years of age.61

Some studies, however, have recorded pulmonary
function that remained abnormal throughout the first
months or years of life. Hofhuis et al. found reduced
expiratory flow at 6 and 12 months in dysplastic premature
infants.62 Tepper et al.43 compared children with BPD,
healthy premature infants and fullterm infants at 1 year
of age, by means of the rapid thoracic compression
technique, finding that patients with dysplasia had a
significant reduction in FVC and expiratory flow. The
patients in this study, presented a progressive increase in
FVC over the first year of life, although flow remained at
half of normal by 17 months of age. In a similar manner,
Mallory et al.63 observed that, during the first three years
of age, vital capacity returned to normal, however severe
lower airway obstruction persisted in all patients with
moderate or severe BPD.

Taken together these results are consistent with the
notion that lung and airway growth takes place according to
the natural course of BPD, with progressive improvement in
lung volumes, as the pulmonary parenchyma grows by
means of alveolar multiplication, although substantial lower
airway obstruction can remain.

In contrast with what has classically been conceived,
some authors have not found differences in the prevalence
of respiratory abnormalities when comparing newborns who
needed MV or inhaled O2, and neither have they observed
a significant relation between the PIP employed, the duration
of MV and pulmonary function abnormalities.34,50,51,64

Coates et al. suggested that the reduction in flow could be
explained by an increase in large airway resistance, probably
secondary to premature birth, and that HMD and/or neonatal
ventilatory treatments would provoke, by superimposition,
an increase in small airway resistance, which could explain
the increased incidence of obstructive diseases in this group
as time goes on.36

Functional assessment of children and
adolescents

Premature children without BPD

The majority of studies of pulmonary function performed
of older children and adolescents born prematurely and
considered �healthy� are of children born during the 70s and
80s, during the pre-surfactant era, when the use of antenatal
steroids was not routine either, and when, in addition to the
elevated mortality, ventilatory therapies were significantly
more aggressive because for a long time the concepts of
lung damage from barotrauma, volutrauma or oxygen
toxicity were unknown. These factors make the subset of
premature infants that are being discharged from neonatal
intensive care nowadays substantially different from those
studied previously, both with respect of the degree of
prematurity and of the treatment received during neonatal
hospital care, making them difficult to compare.

Furthermore, the innumerable factors that determine
pulmonary function in adulthood have cumulative effects
and include not just perinatal factors, but also later adverse
events. Thus, studies performed after childhood can have
their results greatly influenced by environmental factors
such as active or passive smoking, atmospheric pollution
and viral infections, diluting the importance of prematurity
as a risk factor for respiratory disease and masking its real
impact during the first years of life.

Although some studies have demonstrated improvements
in respiratory symptoms and even in pulmonary function as
childhood and adolescence progress,34,48,61,64-66 there is
increasing evidence that many abnormalities may persist
until late childhood or even adulthood.31,33,46,50,55,65,67,68

Doyle,66 measuring the pulmonary function of premature
infants born at less than 1,000 g at 14 years of age and
comparing them with fullterm controls, reported that, while
the incidence of symptoms and the prevalence of asthma
and re-hospitalizations were similar for the two groups even
for those who had BPD, expiratory flow was reduced for
premature infants (32% versus 8% for the controls), with
22% exhibiting clinical repercussions. In contrast, variables
representing pulmonary volume and air trapping  were
similar for the two groups. Chan et al. observed that, while
compliance and total gas volume normalized during the first
year of life (reflecting accelerated alveolar multiplication),
conductance remained reduced during the following years,
suggesting there had been little catch-up in airway caliber.69

Schraeder et al. did not find significant alterations to
pulmonary function, respiratory symptoms and hyper-
reactivity in a group of premature infants (ventilated and
not ventilated, dysplastic and non-dysplastic), tested at 10
to 11 years of age. Nevertheless, the subset of premature
infants presented reduced pulmonary function when
compared with fullterm children, although the results were
not statistically significant, probably because of the small
number of patients tested (n = 30). Furthermore, the
questionnaires filled out by parents or guardians
demonstrated more complicated previous respiratory
histories among these children.48

The majority of the longitudinal follow-up studies have
demonstrated improvements only in pulmonary volume,
while expiratory flow generally remains abnormal throughout
childhood and adolescence. There is, therefore, concern
that there may be accelerated pulmonary function
deterioration during adulthood, favoring the appearance of
early chronic obstructive disease.33,64

Premature children with BPD

The altered pulmonary function of children with a
history of BPD is already a well-known fact. The majority
of studies of patients presenting HMD46,50 and/or
BPD31-34,36,46,50,55,61,63,64,66-68,70-72 have demonstrated
an increase in the incidence of wheezing (up to 60% for
7-10 year-olds)65 and compromised pulmonary
function,35,66 with abnormalities that are primarily
obstructive (hyperinflation, reduced compliance and
increased resistance) during childhood and adolescence.

Pulmonary prognosis in preterm infants � Friedrich L et alii
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In 2004, Robin et al.17 examined the pulmonary function
of children with histories of BPD using complete forced
expiratory maneuvers and observed a significant reduction
in pulmonary function for the dysplastic group,
characterized by mild to moderate obstructive signs
(reduced flow) and air trapping, compared to normal
fullterm controls. No statistically significant correlation
was found between flow and birth weight, gestational age
or days on MV or O2. Furthermore, 50% of the patients
with a history of BPD had recurrent wheezing.

Jacob et al. reported reduced tolerance of exercise in
10 year-old children with a history of BPD. This subset use
93% of their reserve capacity during exercise, compared
with 59% for a fullterm control group.73 Carbon monoxide
transfer during rest and exercise was also reduced in BPD
survivors, as was oxygen saturation, when compared with
fullterm children and tested at 7 years of age,74 probably
reflecting a significant and persistent alteration in the
development of gaseous exchange surface area.60

Certain findings characteristic of BPD have been observed
in histopathological studies of typical BPD cases,75 with
reduced numbers of alveoli, thickening of the interalveolar
septa, disarrangement of elastic and fibrous tissues, dilatation
of ducti and alveolar hyperdistension, in addition to reduced
caliber and hypertrophy of airway smooth muscle, atelectasis
and capillary thickening. Similar findings, although less
extensive, were also found in patients who had required only
minimal positive pressure on MV.75 This constellation of
damages would theoretically adversely affect pulmonary

growth and development, leading to clinical and functional
abnormalities observed later.

A number of different follow-up studies of BPD patients
have demonstrated pulmonary alterations, including during
adolescence and adulthood.76 Despite a relative
improvement throughout childhood,65 long-term follow-
up of these children has revealed persistent pulmonary
abnormalities, with reduced airflow, suggesting obstruction
and airway hyper-responsiveness.77 The fact that these
alterations persist could signify an addition of adverse
effects related to preterm delivery summed with BPD at
an age at which there is accelerated somatic growth,
meaning that the airways are unable to keep up with the
rate of growth. These results could, therefore, be the
result of neonatal management, primarily the mode of
assisted ventilation employed and the frequency of
exposure (until a few years ago) to high doses of systemic
steroids used to prevent or treat BPD cases.60 It is now
known that corticosteroids delay and change the process
of alveolarization in the developing lungs. Small premature
infants who suffered fatal outcomes due to BPD, present,
at autopsy, extremely �simplified� lungs, with increased
size and significantly reduced numbers of alveoli, in
addition to the dysplastic vasculature. These abnormalities
appear to persist for months in animals exposed to
excessive MV.78

The principal studies of pulmonary function in
premature infants during childhood and adolescence are
listed in Table 2.
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Table 2 - Major studies of pulmonary function in premature infants during childhood and adolescence

Author Patients Age at TFP Method Main results

Coates et al.36 7 PMT with MV 6-10 years Spirometry ↓ flows in all PMT
7 PMT without O2 Plethysmography (specially MV and BPD)

7 FTN

Smyth et al.67 9 PMT with BPD 8 years Spirometry, PMT with ↑ RV/TLC,
bronchial stimulation, ↓ flows and

plethysmography, Helium dilution ↑ hyperreactivity

Mansell et al.49 26 healthy PMT 5-9 years Spirometry, Two PMT groups with similar
18 PMT with MV + HMD plethysmography, flows and conductance,

18 FTN Helium dilution, N2 washout but ↓ as compared to FTN

Galdès-Sebaldt et al.51 49 PMT 10-13 years Spirometry, PMT with air trapping
24 FTN bronchial stimulation, and ↓ flows;

CMD, Plethysmography ↑ HB; ↓ CMD in PMT

Kitchen et al.34 209 PMT 8 years Spirometry, PF similar to FTN and not
60 FTN plethysmography associated to perinatal events

PFT = pulmonary function test; PMT = premature; MV = mechanical ventilation; FTN = full term newborn; BPD = bronchopulmonary dysplasia; helium dilution =
method for measuring pulmonary volumes; RV = residual volume; TLC = total lung capacity; HMD = hyaline membrane disease; CMD = carbon monoxide diffusion;
PF = pulmonary flow; CL = lung compliance; RL = lung resistance; WT = weight at term; GA = gestational age; NS = non significant.

(Table 2 continues on the next page)
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Table 2 - Major studies of pulmonary function in premature infants during childhood and adolescence (continuation)

Author Patients Age at TFP Method Main results

Rona et al.53 2,036 PMT and FTN 6,5-11 years Spirometry Low weight at term
associated to flow reduction

Parat et al.55 15 PMT with BPD 7-10 years Spirometry, test ↑ RL, ↓ CL and ↓ flows in BPD and,
9 healthy PMT exercise LC e LR in a lowest degree,

10 FTN and Helium dilution in PMT without BPD;
slight intolerance to exercises

Hakulinen et al.46 20 PMT with BPD 7-11 years Spirometry, PMT (all) with ↓ flows
11 PMT with DPC plethysmography, and diffusion capacity;

20 FTN CMD normal volumes.
↓ CMD in PMT

McLeod et al.29 292 PMT 8-9 years Spirometry, Flows and volumes ↓ in PMT,
574 FTN Exercise tolerance more hiperreactivity;

association with MV and O2,
but not with WT and GA

Pelkonen et al.31 12 PMT with BPD 8-14 years Spirometry, PMT with ↓ flows
17 PMT without BPD Bronchial stimulation (specially those with BPD);

22 FTN more hiperreactive BPD

Giacoia et al.40 12 PMT with BPD School-age Spirometry BPD with ↓ flows;
12 PMT without BPD PMT without BPD with ↓ flows,

12 FTN though NS

Jacob et al.72 15 PMT with BPD School-age Spirometry BPD with ↓ flows,
15 PMT without BPD Plethysmography RFC and ↑ RV; similar volumes

Schraeder et al.48 30 PMT 10-11 years Spirometry, PMT with ↓ flows and
45 FTN Bronchial stimulation ↑ hiperreactivity, though NS

Doyle et al.64 67 PMT < 1 kg 8 e 14 years Spirometry, With progressive improvement,
86 PMT 1-1.5 kg plethysmography but PMT with smaller flows;

normal volumes

PFT = pulmonary function test; PMT = premature; MV = mechanical ventilation; FTN = full term newborn; BPD = bronchopulmonary dysplasia; helium dilution =
method for measuring pulmonary volumes; RV = residual volume; TLC = total lung capacity; HMD = hyaline membrane disease; CMD = carbon monoxide diffusion;
PF = pulmonary flow; CL = lung compliance; RL = lung resistance; WT = weight at term; GA = gestational age; NS = non significant.
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