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Prologue

Summary

This thesis has used community lung functiostiteggin children aged 7 to 12 years to identify

and understand persistindgung function deficits in those bornpreterm pkon ¢SS aQ
gestatior) compared with those borrat term (ko T 6 S S 4)Ql ha/é& avaltated 2 y
spirometry measures, reversibility testing and FeNO measurem¥Vith data from 739

children, 544 pretermand 195 termborn, it is one of the largest studies of its kind.

| have described how pretentnorn children continue to have significahing function
deficits They also have greater response 460mcg inhaledsalbutamolcompared with

term-born controls However, there were no differences in FeNO measurements.

| evalated the impact that CLD has childhood lung function and discovered that preterm
born children with and without CLD have significamtg functiondeficits. Furthermore,
exploratory analysis of early life factors identified that IUGR and gestation are significantly

associated with childhoolling functiondeficits but CLD is not.

Evaluation of children by current %FkE¥vealed that a significant proportioof children
with lung functiondeficitswere not receiving any treatment despite having evidentea o

positive bronchodilator response.

Using a combination ofcurrent %FEVand FEVFVCI1 have identified twodifferent
respiratory phenotypesobstructive ad nonobstructive. | found that children with the
obstructive phenotype have great&ng functiondeficits respiratory symptoms, diagnosis
of asthma and inhaler us@hey also héa greaterresponse to 400mcg salbutamahd a

higher proportion of childen with a FeNG35pph

| have successfully demonstrated that community lung function testing can assist in
identifying children with ongoindung functiondeficits and identify those more likely to
benefit from inhaled treatmentsl proposeongoing communitbasead surveillancen this
vulnerable group of childreto improve identification of ongoingung functiondeficitsand

assist in optimising respiratory health

i|Page
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Chapter One

1 Introduction

The survival of preteraborn infants has significantly improved in line with advances in
modern health care provision. Despite these improvements in mortality, preterm birth
continues to be associated with enorbidities including pulmonary and neurological

dysfunction. Many of theseo-morbidities will have lifdong impacton health.

Lung function deficits the pretermborn population has been extensively studied and there

is clear evidence that, whilst those born at the very limits of viability have improved odds of
survival they havethe greatest risk of significant losigrm lung function deficit{Been et

al. 2014). More recent evidence has identified that peem birth at any gestationis
associated withan increased risk olung function deficitsand wheeing in infancy and
childhood (Edwards et al. 2015} ong term studies demonstrate that preterm birth has a
lasting deleterious effecbn lung function which capersistinto adulthood (Gough et al.

2012; Doyle et al. 2019)

This chapter will provide an insight into the antemlahnd postnatal risk factors fdung
function deficitsin the pretermborn population, commonlused lung function testing
methods and current evidence related to respiratory outcomes in infancy, childhood, and
adulthood. It will also detail the hypothissand specific aimen which my work has been
based. | believe that this work will enhance the existing body of knowledge related to the

lung function of preterrborn, schoolaged children in a community setting.

11 Lung development

Lung function and respiratory health are dependent on optimal lung development and
growth after preterm birth. Exposure to intrinsic and extrinsic factors may impede this
process. Despite lung development extending beyond the antenatal period into early
childhood, there is recognition of the association between altered antenatal lung
development, impaired neonatal respiratory function, and its negative impact oioliig

respiratory health. A comprehensive knowledge of normal lung development in both the
antenatal and postnatal period is key to understanding the potential causesigffunction

deficitsof children born préerm.

Embryological development of the lung is a complex process of structural and vascular

development which is dependent onraumber of biochemical and molecular processes
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(Copland and Post 2004 nowledge of embryological development of the lungs continues

to evolve. However, current understandimjassifiesdung development into five phases,
LJ&-SudeR 2635 S | yaRMat 3+ NOToyTo SEQazQb MJ o m T

embryonic (O- T
saccular (280 ¢

1-1).

Foetal stage

Embryonic
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Saccular/Alveolar
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pleura

Figurel-1 Stages of human lung development.
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Chapter One

Development of the large airways and the initial development of pulmonary vascular supply
begins early in embryonic life. As early a4 ®eeks a groove in the ventral surface of the
primitive foregut forms. This laryngotracheal groove formstitaehea which subsequently
divides into the two main bronchiJoshi and Kotecha 200ranching of the lobar and
segmental bronchi stimulated by bronchial mesenchyme is achieved in this stage of
development(Alescio and Cassini 19628oncurrehdevelopment of the vascular network
that will ultimately comprise of a complex capillary network that surrounds aheolj
begins as the pulmonary artery arising from a single avascular bud fron{' {h&i6of aortic
arches forming a vascular plexus surrounding the developing I(Bwri 1984)

Vasculogenesis and angiogenesis continue in parallel with further lung development.

Further airway divisin and formation of the conducting airways and terminal bronchioles

occurs in the pseudoglandular phase. Cartilage and smooth muscle supporting the airways

also develop alongside epithelial cells differentiating from psestdatified cells to
columnar andcuboidal cell{Joshi and Kotecha 2007At the completion of this stage20

divisions have occurred ambmeof the acinar units are formefKitaoka et al. 1996)

During the canaliculgrhase development of theacinar units are completedsignalling the

end of the development ofte conducting airways. Concurrent development of the alveolar
epithelium incorporating differentiation of epithelial cells into type one and surfactant
producing type two pneumocytes alongside angiogenesis of the capillary network that will
form the airblood barrier also occuréSchittny 2017)Development and enlargemeiaif
alveolar epithelium into saccules, increased production of type two pneumocytes and
further thinning of the aiblood barrier occus in the sacculaphase(Joshi and Kotecha
2007)

2 KAtad NHZRAYSYGFNE NBALANI G2NB dzyAada + NB
outcome of the alveolaphaseis the expansion of a thin lung surface with closely allied thin
walled capillary bed which effectively facilitates optéihgaseous exchange that is vital for
biochemical homeostasi§econdary septation and thinning of the alveolar component of
the respiratory unit occurs during thghase Concurrent fusing of the two capillary layers to

form one complete effective network alongside interstitial volume decrease ensures the air

LINE

blood barrier is a thin as possibleWhilst this phae begins at 36 weeks I Sadl GA2Yy

alveolarisation continues beyond birth ind leastinfancy. Indeed, recent evidence suggests

that this process may continue intate childhood(Narayanan et al. 2013)
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During alveolarisation, the number of alveoli increase from hundretieiantenatal period

to several million at birthto 300- 600million in adulthood Emery and Mithal 1960; Dunnill
1962; Ochs et al. 2004A final phase of late alveolarisatiemvhere the number of alveoli
continues to increase beyond infandg describedEmery and Mithal 1960; Davies and Reid
1970) but agespecific evidence is vatle In addition to structural development, growth is
ongoing until optimal lung function is achievedearly adulthood Following a period of
stability, loss of function occurs with natural ageingsultingin a gradual decline in FEV
(Fletcher and Peto9l77)

Lung development, growth and ultimately lung function can be influencedsdweral
antenatal and postnatal factors which can impede the attainment of ogltiong function
andacceleratethe rate of decline in later lifdzigurel-2 details antenatal and postnatal risk
factorsthat can result imbnormal lung growth and developmersubsequently resulting in
deficits in lung functionA description of the risk factors which can disrupt normal lung

development are discussed in the next section.
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[ Genetics/Epigenetic Factors J

Antenatal Stress

- IUGR, placental dysfunction
- Chorioamnionitis
- Preeclampsia
- Maternal smoking/drugs
- Maternal hypertension

[ Extreme Prematurity

)

A
—>[ Injury/Developmental Arrest ]<—

Postnatal Factors

- Supplemental oxygen
- Ventilator injury

- Infection/Sepsis

- Inflammation

- Patent DA

y

¥
[ Early Respiratory Death ]

[ Recovery/R

egeneration

H Disease Resolution ]

¢ Chron

* Recurrent exacerbations, re-hospitalizations

Persistent Respiratory Disease
* Prolonged respiratory support and NICU hospitalization

ic respiratory distress

 Exercise intolerance, wheezing
* Increased susceptibility for chronic lung disease in adulthood

Figure 1-2 Antenatal and postnatal factors associated with lung injyrgltered lung
development and persistentung function deficits
(Taglauer et al. 2018Reproduced with permission.
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Chapter One

1.1.1 Antenatal impact on lung function

The antenatalintra-uterine environment significatly impact on lung development and
future lung function. Organogenesis is impacted by maternal, fetal and environmental
factors. Consideration of these factors is vital in understanding the mechanisms of antenatal

lung injury.

1.1.2 Maternal health and wellbeing

The hedth and development of théetusand placenta is intrinsically linked to the health and
wellbeing of the mother. Optimal organogenesis occursstablehomeostatic environment
within the uterus. Interruptions to the status of thetra-uterine environmer can impact on
postnatal lung function. It is vital to appreciate the role of maternal health and disease on

the antenatalintra-uterine environment andultimately, the developindetus.

One factor that can influence the inti@erine environment is depvation. Deprivation is
associted with poor health outcomesincluding greater risk for chronic health conditions
and lower life expectancgTownsend et al. 1992Deprivation isestimatedby comparing
factorssuch asducation, income, healttand environment across neighbourhoods. These
measures can be used tmderstand inequalities in healticross communitiehelpdevelop

polidesto reduce deprivationand subsequently improve health outcomes

The most deprived group of the population have twice the risk fortene birth compared

to the least deprived grougBonet et al. 2013)PNB G SNY O6ANIK G foo
chronic lung diseaseC(D I i o c posbngehsiru@l age *MA, home oxygen and
hospitalisation with respiratory illnessane three times higher in those most disadvantaged

(Deschamps et al. 2021)

Deprivation has been linked tagher obesitysmokingrates,andair pollutionlevels(Brunt
et al. 2017; Mohammed et al. 2019; Walker and Cresswell 20h@e factorsalso impact

the health and wellbeing of the pregnant mother ahdr developing fetus.

Obesityand excess weight gain during greancy areassociated with an increased risk for
gestatioral diabetes gestational hypertensiomre-eclampsialowbirthweight,and preterm
birth (Voerman et al. 2019} onger term adverse outcome$ maternal obesity include an

increased risk for asthmavhich can also affect perinatal outcom@®rno et al. 2014)

Human studies show thaaternalantenatal smoking is associated with increased evidence

of obstructive lung function deficitBisgaard et al. 2009; Balte et al. 20Irf®reased risk of
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wheeze in infancyDe Queiroz Andrade et al. 2020)d asthma diagnosis noted in childhood
(Burke et al. 2012Exposure to antenatal smoke haignificantand lasting effect®n the
fetusQ K SAnimél Ktudies clearly demonstrate exposure of the fetus to nicotine causes
abnormalremodelling of the conducting airways and alveliarding and Maritz 2032
Additional evidence suggestin association betweematernal antenatal smokg and
modification of genetic expression resulting in elevated risk for asthma in up to two
generations undertiing the importance ofcessation ofmaternal smoking in pregnancy
(Panasevich et al. 2010)

Targeted government policies to reduce smoking rates across the UK have had a positive
impact. Legislationbanningsmoking in enclosed spaces was introduced in Wales in 2007.
This smoking ban resulted ia decreasdan smoking from 24% td8% in 201qQWAG 2019)

Rates ofmaternal antenatal smokindghave also reducedHowever, a higher proportion of
women in Wales continue to smokkiringpregnancy (I.8%) compared t&ngland (12.7%)

and Scotland (13%PHE 2019; PHW 2020; ScotPHO 2@irfhermore,ratescontinue to

be higher in the three most deprived quintiles compared to those in the 2 least deprived
quintiles(WAG 201%

Further exposure to environmental pollution has been associated with low birth
weight/intra-uterine growth restriction (IUGR) impaired lung growth and increased

respiratory illnesgMelody et al. 2019; Sly et al. 2021)

1.1.3 Fetal health and wellbeing
Optimal growth and development of thietusis fundamental to organogenesis. Alterations
to normal growth patterns potentially increase the risk of dysgenesis and associated long

term adverse health outcomes.

Placental insufficiencymost commonly dued pregnancy associated peelampsia can
have a profound impactn the growth of thefetus leading to IUGR and preterm birth.
Approximately 3% of pregnancieare affectedby preeclampsia(Bokslag et al. 2016)
Whilst it cannot beresolvedwithout removing the placenta and delivery of the fetus,
preventative measures including targeted health promotion to address contributing factors
such as obesity have been introduced to reduce the risk for developinggeenpsia.
Greater fetal monitomg and the medicaimanagementof symptomswith labetalol,
hydralazine and magnesiuhave assisted iprotecting the health of the motheandfetus,

including reducing rates of preterm delivery (ACOG 2015)However, antihypertensive
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medication usecan beassociated with growthiestrictionin the fetus(von Dadelszen and
Magee 2002)

Maternal antenatalsmoking may be protective from preclampsiallacobelli et al. 2017)
However, bothmaternal antenatal smoking and environmental pollutants aassociated

with poor fetal growth(Abraham et al. 2017; Huang et al. 2019)

There is clear evidence to suggest that impaired growatfects lung developmentbut
understanding of the mechanisms behind this phenomenon is predominantly barsed
animal studies. Studies in sheep demonstrate that induced IU&Rt altered structural
development of the lungswith fewer, larger alveoli, thicker intealveolar septaa thickened
blood-air barrier, and a surface area that is up to 10% smalletaritz et al. 2004)
Dysfunction of surfactant synthesis and production have also been described in growth
restrictedfetal mice(Bahner 2004)Evaluation of intrauterine growth and childhood wheeze

in a cohort of children in the UK demonstrated increased odds of wheezein children

with evidence of deceleration in growth between the first and second trimd&ewe et al.
2017) Conversely, accelerated growth betan the second and third trimester was also
associated with childhood wheefkeowe et al. 2017Alterations to growth in both the first

and second trimester may impaghthe development and growth of the conducting airways
leading to an imbalance between development and growftthe airways compared to lung
size. Initially described by Green et al, pulmonary dysanapsis occurs when growth of the
respiratory system results in disparate growth between airway calibre and lun¢Gieen

et al. 1974)thus an imbalance between airway calibre and lung size. Despite having a forced
expiratory volume in the first second (REWithin normal limits, significant discordance in
the growth of airways ampared to lung size are attributed to obstructive patternduwig
function deficits A study of preterrborn adults showed that they had a lower dysanapsis
ratio - suggestive of smaller airway calibre compared with lung volumigen compared to
term-born controls. In the pretermborn group, those with CLD had the lowest ratio. The
authors report concordance between these findings and lower rates of expiratory flow at
rest and during exercisand suggesed that greater dysanaptic growth in pretenfoorn

aduts wascontributing to airflow obstructiofDuke et al. 2018)

IUGR is associated with higher risk of fetal death and rotgtin compromise including
respiratory compromisein the neonatal period for those who survive to delivégngineer
and Kumar 2016 . I NJ S NI afetd @ LISE K 814 YcdbesptEE(astiRghagative

impact that impaired intrauterine growth and development has beyond the neonatal period
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into adulthood (Barke 2004) Evidence supporting this theory includes the significantly
lower spirometryobservedin children aged 89 years, born witHUGR compared to those
born without IUGR(Kotecha et al. 2010)Additional evidence from a longitudinal study
shows a clear correlation between low birth weight, weight at 1 year, and increased mortality

from chronic obstructive airways disease in adulth@Bdrker et al. 1991)

In summary, the impact of antenatal growth and development has a lasting inopea
AYRAGARIZ £ Q& NIB & LA NI (0 2 N¥o eri6Bd dptimél stéaglyRyrowtiS £ £ 6 S A y
such as optimising maternal nutrition and smoking cessat@am essential to reducing the

longterm impact of poor respiratory health.

1.1.4 The intrauterine environment

The correlation between intrauterine infection/inflanmation andfetal or early neonatal
death is well documente¢Barton et al. 1999)Chorioamnionitis the inflammation offetal
membranes, chorion and amnionis the most common presentation of intrauterine
inflammation and often associated with infection. It is identified as a primary ssaof
preterm birth, with an inverse relationship between the incidence of mtterine infection

and gestational age at birtfGoldenberget al. 2000; Lahra et al. 2009)

Whilst infective organisms are not always isolatdteaplasma a genital mycoplasmahas

been consistently associated with chorioamnit@(AbeleHorn et al. 200Q)The association
between pulmonary Ureaplasmacolonisationand development of CLD hadso been
described In their metaanalysis, Wang et al found thesk ratio RR in infants with
Ureaplasmacolonisationfor developing CLD was 1.72 (95% CI 1.5 to 1.96) times that of
neonates who were not colonisefWang et al. 1995)Lowe et alalso described how
neonateswith evidence opulmonaryUreaplasmacolonisation were aanincreased risk for
CLD at 36 weekPMA OR of 2.2295% CI 1.42 to 3.4Lowe et al. 2014)A more recent
meta-analysis of perinatal outcomes of mothers with evidenc&ifaplasmanfectionalso
F2dzyR | LIR2aAGAGBS aa20AlGA2yY B6AGK [/ (X8etl G oc
al. 2022)

Thissuggess that injury to the developing lung may be compounded by lungmihation
that commences ifutero. Despite this, only 47% of 167 neonatal units across Europe

routinely test forUreaplasmgPansieri et al. 2014)
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In recognition of the potential de of antenatal maternalJreaplasmacolonisation aurrent
UK guidance for protmed preterm rupture of membranes (PPROMJten associated with
preterm delivery and chorioamnionitisincludes a 1@lay course of Erythromyciorior to
delivery(RCOG 2019)

The potential use of macrolides neonatesto reduce lung inflammation caused by
Ureaplasmaand subsequent CLD S3A Yy Ay HoWeSer, thep dvidéhdedremains
limited. Erythromycin,Claithromycin and Azithromycinhave all been tested for their
efficacy in reducing CLD in those who have evident#rediplasmaHowever, the majority
of thesestudieswere small and therefore, underpowere@Mabanta et al. 2003)Some
studies used culture rather thamore rapid and sensitiveCR to identify thoseolonised
with Ureaplasma resulting in delays icommencingtreatment. More recently,a meta
analysishas shown that prophylactiézithromycinis associated with reduced incidence of
CLD However, the authors acknowledge the lack of robust pharmacokinetic knowledge
assaiated with use in the neonatal population and suggest caution in routin¢Ngsie et al.
2014) There is dirther evidence demonstrating thaarophylacticAzithromycinsignificantly
reduces the incidence of CLIBR=0.83, 95% CI 0.71 to 0.98, p=0.02). Whilst theygafefile
was better than Erythromycin, the authors suggest furtbafety andadequately powered
studies efficacyare required(Smith et al. 2015)it is hoped that therecently completed
AZithromycinThErapy for Chronic Lung Disease of PrematuiBf ECstudy will identify if

early Azithromycintreatment reducesthe incidence of CLQ_owe et al. 2020)

The association between chorioamnionitis and accelerated lung maturation is well
documented(Watterberg et al. 1997; Bachurski et al. 2000he reported impact of this
maturation piocess is mixed. Whilst several authors suggest that chorioamnionitis reduces
the incidence of respiratory distress syndrome (R@®&tterberg et al. 1996; Lahra et al.
2008) more recent studies suggest that this benefit is limited to infants with mild to
moderate chorioamnionitigPark et al. 2015Been et al identified that infants with severe
chorioamnionitis have a reduced response to exogenous surfactant, demonstrated by higher
oxygen requirements and longer periods of ventilation compared to those with lower levels

of chorioamnionitis, both ofvhich lead to further lung injur{Been et al. 2010)

Whilst exposure to chorioamnionitis may reduce tiek of RDS, several authors suggest an
increased incidence of CLD in infants exposed to chorioamnigbigissardo et al. 2012;

Kunzmann et al. 2013)
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The correlation between lung inflammation and persisting lung injuye form of CLD is

well evidenced. Elevatedterleukin (ILJ.- YR ¢KNBYOo2ElFIYS . u KI @8
tracheal aspirates in preterfhorn infants exposed to chorioamnionitis who subsequently
developed CLDNatterberg et al. 1996)ncreased levels of piimflammatory cytokineslL-6

and chemokines such #s8 have also been described in postnatal bronahgeolar lavage

(BAL) fluid of infants who subsequently develop (iakraborty et al. 2013pretermborn

children with impaired lung function have beantedto have increased neutrophils and its
chemoattractant IL8 in induced sputumsuggesting inflammatiooontinues beyond infancy

(Teig et al. 2012)

Kunzmann et al suggest that alongside signalling pathway modification and subsequent
adaptatian in lung development and function in those exposed to chorioamnionitis, infants
exposed to irutero inflammation develop abnormal adaptations to their immune system
resulting in reduced ability to respond to subsequent infectifiisnzmann et al. 20137J his
maladaped immune response may explain the evidence of ongoing and persitiagt
inflammation in children with CLD and the increased incidence of hospitangssions seen

in pretermborn infants(Pramana et al. 2011; Berard et al. 2012)

The increased risk of preterm birth associated with chorioamnionitis compounds treeimp
that in-utero infection and inflammation hasn the fetus in terms of remodelling of the
respiratory and immune system. Whilst the longerm impact of chorioamnionition
respiratory function and the development of CLD is less clear, ongoiginflammation is

observed in those with CLD which may result in impaired lung function in thedamg

1.2 Prematuiity and respiratory consequences of preterm birth

Preeerm birth and postnatal health carmterventionscontribute to further lung injury and
congquent later lung function deficits There have been significant changes in the
management of preterm labour and postnatal management strategies which have resulted
in greater survival ratesf the pretermborn infant However, the impact of these changes

on postnatal lung development and functiane lessclear.

1.2.1 Causes of prierm birth

Worldwide rates of preterm births are poorly documented. In 2040 estimated worldwide

figureofmp YAff A2y OKAf RNBY ¢ SNB(BlEnéoNdeta 3XBD g orT
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Equalling approximately 11% of all live births, this number is noted to be increasing
(Blencowe et al. 2013Prematurity is the leading cause of death in all children under 5 years
Approximately 1 million preteraborn children dieeach yeardue to complications of
prematurity (Liu et al. 2016)®™mplications redted to praerm birth are inversely related to
gestational age and whilst outcomes for the extremely pretdionn have improved,
morbidity has remained stati¢Saigal andoyle 2008; Costeloe et al. 2012)he World

Health Organisation has defined soltegories of prematurity extremely preterm (<28
weeks), very preterm (28 to <32 weeks) and moderate to late preterm (32 tave8Ks)
(WHO2012p [0S LINBGSNY O0ANIK KIFa |faz BndSy R
2006)

The reasons for preterm birth are complex but can be separated into two broad categories
spontaneous delivery and providaritiated delivery(Goldenberg et al. 2012Blenclowe et

al outline the risk factors for spontaneous delivery including maternal age (adolescent or
older age), infection, multiple pregnancy, chronic maternal medical conditionsrna
lifestyle and nutrition, and genetic factors. They also describe how materrfatadthealth

concerns are the greatest cause of providlgtiated deliveriegBlencowe et al. 2013)

Antenatal interventions to impnee maternal health, the use of antibiotics to reduce the risk
of chorioamnionitis in cases where there is high risk and medications to prevent preterm

labour have all been welcomed reduce the incidence of preterm delivery.

1.2.2 Respiratory consequences pfeterm delivery

The consequences of preterm birth can impantshort-, medium and longterm respiratory
health. Neonatal espiratory distress syndrom@DSpccurs shortly after birthand affects
short- and mediumterm respiratory health. Children withohger-term respiratory
insufficiencyare diagnosed withchronic lung disease (CLDhese two respiratory diseases

will be described in greater detail.

1.2.21 RDS

The initial challenge for & newborn infant isto establishhomeostasis. To achieve this,
optimal gaseous exchange must occur via the respiratory system. RDS is characterised by
pulmonary insufficiency and respiratory compromise due to surfactant deficiency. It is
classically accopanied by a ground glass appearance of the lung fields on cliag{Sweet

et al. 2013) Left untreated it can result in death. Largely associated with pretssm
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children, the risk of RDS is inversely proportional to gestational age with infants born prior

G2 wy 6SS14aQ 3ISaldladAz2y o0SAy3d ( KaSphasedfling@dz y SN
development and only having primitive respiratory uniteey have insufficient numbers of

surfactant producingype two pneumocytes, thickened alveolar walls and underdeveloped

capillary networks leading to the need for respiratory support and oxygen which in turn

causes further injury to the developing lung.

Preventative strategies to reduce the incidence andesgy of RDS incledantenatal
maternal steroid administration and prophylactiseonatal instillation of exogenous
surfactant have become standard practice in the management of prebénrm (Sweet et al.
2019) Antenatal maternal administration of glucocorticoids has been demonstrated to be
efficient in reducing the incidence of RDS and sommodbidities associated with preterm
delivery, although thdongterm impact remains unclga(Roberts et al. 2017)Postnatal
administration ofexogenoussurfactant to decrease surface tension in the respiratory units
has beenshown to reduce mortality and air leak in preterborn infants (Suresh and Soll
2005) although the optimal timing and method of administration is currently under review

(Sakonidou and Dhaliwal 2015; Wheeler et al. 2015)

Whilst both vetilation andsupplementabxygentherapyto support respiratory function in

the pretermborn infant have been recognised as necessary, animal studies have
demonstrated they cause acute lung injury to the developing I(\Warner et al. 1998;
Albertine et al. 1999)Technological advancésthe last 20 yearbave enabled clinicians to
employ lung protective strategies to reduce lung injury caused by essential respiratory
support. Changes to management strategies since 2000 inchu®dance of hyperoxia
through judicious use of oxygeand the use of notinvasive methods of ventilation where
possible in order minimise exposure to injurious, invasive ventilaf®akonidou and
Dhaliwal 2015) For those who require invasive ventilation, lung protective strategies
including permissive hypercapnia and vok targeted ventilatiorare usedto reduce the

risk of further lung injury whicleanlead to the development of CL{Wheeler et al. 2011;
Sweet et al. 2019)

1.2.2.2 CLD Bronchopulmonary dysplas{BPD)

Northway et al described new respiratory diseaseitially called BPD, otherwise known as
CLDjn 1967 It wascharacterised by marked pulmonary fibrosis, severe epithelial damage,

heterogenous areas of atelectasis and hyperinflation, and hyperplasia of the airway smooth
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muscle with associated hypertensi of the pulmonary vasculature noted on radiological and
pathological assessmefilorthway et al. 1967)This disease was observed in moderately
preterm-born infants whohad received respiratory support from rudimentary ventilaso

and highconcentrationoxygen.

a2NB NBOSyilifes w208 RSaAONAOGSR | aySéé T2N¥Y 27F /]
gestational ages and characterised by altered lung architecture with evidence of

dysfunctional alveolacapillary development, largexnd fewer alveoli and greater interstitial

fibrosis(Joke 1999% | LJ G2 71pm: 2F OKAfRNBY 02NY G fHc 6SS]
0KAA aySgé (Carldehet af FO00P$ing baboon modslof CLDCoalson et al

demonstrated thearchitectural changes & @ 2 OA | (1 SR gompafed tatgr@loen / [ 5

equivalent lung developmentE{gurel-3).
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Figurel-3 Histological samples detailingrehitectural lung development in preterrborn
baboons with CLD compared with controls.

Controlspecimens a) and b). a) Lung at term with thin alveolar walls. Presence of secondary
crests and alveoli (arrows), b) Lung tissue at 2 mootlgewith thin saccular and alveolar
walls and fewer nuclei in alveolar walls. Thinned secondary crests amttdigtieolar walls
shown (arrows). Pretermborn CLD specimens ¢) and d).Lungat 30 daysof age with
increased interstitial changand minimal secondary crests (arrows). d) 39 dafagewith

severe change evident with minimal secondary cr@st®w). Adapted from(Coalson et al.
1999) Reproduced with permission.
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¢t KS OFdzaSa 27F G KA-Bornehfided born/in[tHe pokstyifactantIBra &eNy
multi-factorial andprobably due to bothantenatal and postnatal factorsall of which can
lead to the characteristic abnormal lung structuf€igure 14). The overiding influencing
factor forCLOs the degreef prematurityor, more likely the phase of lung development at

delivery of the preterrdborn infant

Prematurity

Intrauterine
growth
restriction

Postnatal
Antenatal infection

factors Clinical

phenotypes

Genetic/ ulmonary BPD \ Airway ingﬁggija}ﬁgg
epigenetic/ vascular disease injury

gender d'sease

predisposition

Parenchymal
lung disease

\ Oxygen

Nutritional A5d
toxicity

impairment

PDA

Figurel-4 Antenatal and postnatal factors associated witbLD

Largest influencing factor is degree of prematugityggins et al. 2018 Reproduced with
permission.

Antenatal intra-uterine inflammation and IUGR have been associated with maladapted
organogenesis resulting in the interruption of alveolar and pulmonary vascular development
(Maritz et al. 2004; Dessardo et al. 2014; Larff@nnandez et al. 2017Postnatal lung
damage and the development of CLD secondaméchanical/entilation andsupplemental
oxygentherapyhave been described in both aninrabdelsand human studie§Coalson et

al. 1995; Coalson et al. 1999; Rutkowska et al. 204d&jitional riskdctors include patent
ductus arteriosus (PDA), retinopathy of prematurity (ROP) and intraventricular haemorrhage
(IVH) (LardonFernandez et al. 2017As expected, these risk factopften indicate poor

neonatal health and are more commonly observed in those born at lower gestational ages.
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Thedefinitions todiagno® CLD hae evolved. Northwayet al used clinical, radiological, and
pathological observations to describe a feaiage disease progressing franitial stage of
acute respiratory distress to more chronic disease state observed at one nofrage
(Northway et al 1967) Bancalari et al developed diagnostic criteria basedobserved
associations between oxygeequirementsat 28 day®f age the need for positive pressure
ventilation in the first week and radiological findin@@ancalari et al. 1979Whilst these
criteria identified clinically useful characteristics of Ctti2jr association witHongterm
outcomes were not evaluated. SubsequentlyieSnan et al demonstrated that, whilst
oxygen requirement at 28 daysf agewas a good predictor in those born >30 we@ks
gestation, oxygen requirement at 36 we€lMA had a greater positive predictive value for

abnormal pulmonary findings at 2 years Iose born <1500gran{Shennan et al. 1988)

The value of oxygesupplementationfor 28 daysof agel YR oc ©$SS1aQ ta! gl
assessed during the developmentMiCCHRonsnsus guidelines in 2001. Data showed that
oxygen for 28 daysfageg | & dza S¥dz F2NJ LINBRAOGAY3I 2E&3Sy
gKAfald FraasSaavySyd Fd oc 6SS1aQ ta! ¢l a dzaSTd
time of discharge. The predictionf rehospitalisation with respiratory disease and
medication use following discharge was similar for oxygen for 28adagel Y R G oc 6 S S|
PMA. Subsequent diagnostic criteria within the guidelines used supplemental oxygen for at

least 28 dayof agetz RAIl I3y2aS /[5% FyR 2Ee&3Sy NBI dzA N
characterise the severity of the diseaglwbe and Bancalari 200Ihus, the use of mild,

moderate, and severe classifications for CLD was establisShalnle 11 details these

diagnostic criteria
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Birth at f oH g |Birth at xoH©SS]
gestation gestation

Time point offoc ©SS1aQ t al>28daysfagebut <56 days
assessment of age or discharge

Treatment with oxygen >21% for at least 28 days plus;

Mild CLD Breathing room air at 3¢ Breathing roomair by 56
$S5S1aQ ta! 21 daysordischarge

Moderate CLD | Need for <30% oxygen at  Need for <30% oxygen at ¢
$S5S1aQ ta! 21 daysordischarge

Severe CLD bSSR F2NJ % |bSSR F2NJ x
and/or positive pressure g and/or positive pressure g
oc 6S5SS71aQ t al 56daysordischarge

Tablel-1 Diagnostic criteria for presence and severity 6£.D

I NAGSNRF F2N) aaSaaiay3a F2N) GKS LINBaSyOS FyR &S
gestation. The presence of CLD is determined by the requirement of dayg8rdays in all

infants. Severity of CLD is assessed at 36 Weelts! Ay (K2 & 8d atSoweeke® SS1aQ |

ta! Ay (K2aS xow 6SS1aQ 3Sadl (A 2gfequiringhoo 2 i K I NP dzL
supplemental oxygen or respiratory support, modergteequiring <30% supplemental

oxygen, severe; needing higher levels of supplementary oxygand or mechanical

respiratory positive pressurglobe ad Bancalari 2001)

(Adapted with permission of the American Thorggaciety.Copyright© 2021 American Thoracic
Society. All rights reservé&ite: Jobe, A,H and Banclari, E/2@xbhchopulmonaryDysplasia.
American Journal Respiratory Critical Care Medicine/163/172329 The American Journal of
Respiratory and Critical Care Medicine is an official journal of the American Thoracic. Beciders
are encouraged to read the entire article for het correct context at
(https://doi.org/10.1164/ajrccm.163.7.2011060The authorseditors, and The American Thoracic
Society are not responsible for errors or omissions in adaptations).

Whilst these criteria may be useful in clinical practice, they are basdunited evidence

and have not been evaluated against lelegm respiratory outcomes. Additional restriction

of diagnostic assessment criteria to one treatment modality ignores the importance of the
underlying disease patholags and advances in treatment options. Thus, leading to

imprecise criteria which arsubject toindividual interpretation and variations in practice.
Higgins et al evaluated diagnostic criteria for CLD against adverse respiratory and
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neurological outcomes at 136 months. They suggest diagnasiCLD and assdrg of
disease severity at 36 wedBBMA Dby using criteria whichinclude radiological evidence of
parenchymal lung disease and diffat types of respiratory support, including oxygen
requirements(Higgins et al. 2018Jensen et al go ftirer, advocating the removal of oxygen
dependencyfrom all diagnostic criteria and assessment of @lLpreference for mode of

respiratory suppor{Jensen et al. 2019)

Whilst these more recent methods dfagnosing and assessing disease severity account for
advances in available methods of respiratory support, they also have limitations. Like
Shennan et al, Higgins et al atteredto provide a clearer link between diagnosis and health
outcomes. However, #y dd not address outcomes beyond infancy and their assessment

criteria continue to be subject to vaiiilityA y Of Ay A OIF f LINF OGAO0Sd WSy a
criticisedasbeing too simplisti¢Bancalari et al. 2019Y o date, these neweatefinitions to

diagnose CLbave not been integrated into clinical practice.

CLD hasoutinely been used as a predictor for longerm lung function deficits Current
consensus supports the theory that those with GItB athighest risk for persistindung
function deficitsin the futurethan those without CLD. However, evidence supporting this
theory is contradictory. In a longitudinakudy Mello et al. shwed that, whilst CLD survivors
had initial differences in pulmonary mechanics compared to pretbamn children without
CLD, these resolved by 8 months of glkello etal. 2015) Conversely, Ronkainen et al
demonstrated that preterrdborn children have lower lung function than teslborncontrols,
with infants diagnosed with moderate and severe CLD having the greatesttdefic
(Ronkainen et al. 20157 hey also suggest that those with mild CLD may recover function to
a level comparable with pretershorn infants who did not have CLD. These contradictory
findings rais two questionsdoes the current definition of CLD predict lotegm respiratory

outcomes, and is the severity of disease relevant?

In a systematic review (SR) of large modtntred randomised controlled trials (RCT) between
2000 and 2015, Corwin et al@uated the value of CLD as a surrogate marker for respiratory
outcomes at 2 years. They found th@t Ddid not consistently predict lontgrm respiratory
outcomes.They also identified highly variable definitions for CLD and differespiratory
outcomes between available studi¢€orwin et al. 2018)These findings suggest that the

predictive value of CLD may be limited.
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Advances in medical care have resulted in improved respiratory outcomes for moderately
preterm-born infantsin the neonatal period. blvever,it is increasingly recognised that they
are also at risk of lonterm poor respiratory outcomegKotecha et al. 2012a)Vhilstthere

have beenattempts to adapt diagnostic criteria to reflect the evolution in CLD, they are
limited in their correlation with longr-term outcomes. With the value of CLD as a predictor
for longerterm lung function detitsuncertain it is reasonable to suggesiat a reappraisal

of the predictive value of CLDncludingclassification of disease severitis required

In the literature, the terms BPD and CLD are often used interchangeably. For clarity in this

thesis, | shalilseCLD when referring to pretertorn infants with BPD/CLD.

1.3 Techniques for assessingrg function

Injurious exposures in both the antenatal and postnatal peraah contribute towards
impaired organogenesis and maladaptation of organ or system functionality. However,
ongoing lung development beyond the neonatal period may offer the prospect of recovery
from injury and continuing improved respiratory healtffthus, to provide accurate
information relating to lung function in the pretermorn populationit must be evaluated
beyond the neonatal period. This section expkcemmonly used lung function methods.
Evidence related to lung function in the pretetmorn popuation will be discussed

separately.

1.3.1 Spirometry

ydSYyiSR Ay GKS mynnQa o0& &adz2NBHS2y W2KyYy | dzi OKAy a2
tool forassessment of both static (volume) and dynamic (flow) lung functiorighattinely

used in both commuity and hospital settingsFigure 1-5 identifies common spirometry

measurements.
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Figurel-5. Common spirometry measures.

a) Lung volume and time; Slow spirometri’VC inspiratory volume capacity: including
Inspiratory reserve (IR), Expiratory reserve volume (ERV) and tidal volymEo(eed
spirometryg Forcedexpiratory volume in 1 second (REYorced vital capacity (FVC); b) Flow
volume curve during forced expiratiePeak expiratory flow (PEF), Forced expiratory flow
(FEF) measured at 25, 50 and 75% of FVC and are reflective of flow in smaller a{Qvées.

et al. 2015 Reproduced with permission).

Performance of a forced expiratory manoeuvre enables assessment of dynamic lung function
by examining the relationship between volume and time and between flow and volume.
Measurement of forced expiratory volume in the first 1 second (F&\A forced expiratory
manoeuvre is helpful in assessing airways that are greater than 2mm (Vegiet al. 2014)

More importantly, it isused to identify airflow limitation in children and adults. Due to the
relatively large airways compared to lunglwvme, forced expiratory volume in the first 0.5
second (FEB\) and the volume in the first 0.75 second (kkE\Vof a forced expiratory

manoeuvre are advocated for use in psehool childrer{Aurora et al. 2004h)

Forced vital capacity (FVC) igsed to identify those with reduced lung volumes. A
disproportionate reduction in FE¢ompared to FVEby calculating the FENWVC ratio- is

used to identify those with obstructideng function deficitsin adults, a ratio of <@ isused

Ay (GKS RAIF3Iy2aira 2F 20ai0NHz0GABS RA&aSIaSa &dz0
restrictive diseases such as pulmonary fiboro®dCE 2017a)Currently, there are no

established parameters for FEMVC ratio in children. Guidelisefor assessment and

diagnosis of asthma in children suggest utilising the adult/FEEZ ratio(NICE 2017a)

However, the well documented physiological differences in respiratory function between
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children and adults and lack of evidence base for using this ratio and has resulted in the
guidance being heavily criticis¢dlurray et al. 2017)Conversely, those with a normal ratio
may havelung function deficits which areestrictive in nature Assessment of total lung
capacity (TLC) by body plethysmography is the gold standard test for formally diagnosing
restrictive lung functiondeficits (Pellegrino et al. 2005 Some spirometry measures have
been suggested as potential surrogates for TLCearattult population(Vandevoorde et al.
2008; D'Aquino et al. 2010However, these have limited validity and are not useful in the
paediatric setting. Whilst spirometry cannot formally diagnose restriclivey function
deficits additional inspection of thélow/volume loop alongside the ratio helps identify

those with obstructive and restrictive patterns lohg function deficitgFigurel-6).
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Figurel-6 Flow volume loops

Demonstrating normal, obstructive, and restrictive patterns of forced spironatiyormal
flow/volume curve, b) Obstructive flow/volume curve; concappearance of expiratory
manoeuvre resulting in reduced REVid forced expiratory, whilst FVC remains normal, ¢)
Restrictive pattern; all measures are reducédapted from(Marchn 2014) Reproduced
with permission undeCreative Commons Attribution (CC BY) licence

23| Page



Chapter One

Like all lung functiorests, spirometryhas limitations.The use of consistent guidelines for
children recognised education programs for professionals performing the tests and
stringent quality control mechanisms contribute to valid and reliable spirometry measures
(Graham et al. 2019)

Performance of higlyuality spirometry is dependemn the cognitive and physical ability of

the participant Thus, iis notvery practicalin veryyoung childrenOne study showed68%

of children between 5 and 8 years were successful at performing spirgniGochicoa
Rangel et al. 20137 further study of 399 childreshowed74% of children between 4 and

17 years successfully performed acceptable and repeatable spirometry, with competency
increasing with agé_oeb et al. 2008)ncentives to aid performance have beesed in pre
school children, although their value in schagled children is lesslear (Aurora et al.

2004b)

The most common reason for failute perform of spirometry in children is the inability to
perform a complete FVQailure toperform an acceptable end of test by nathieing
plateau and early termination accounted for over 50% of reasons for fajlloeb et al.
2008).

Whilst FEVreflects thelarger airways, there is a growing appreciation that assessing smaller
airways may assist in identification of early respiratory diseameed expiratory flow at 25

75% of FVC (FEfsy isthought to reflect the patency othe smaller airwag. However,
calculationof FEEs7s%is dependenton the FVGand snall changes in FVC can lead to high
variability in FE&7s% Thus, FEEs7s0% needs to beviewed with cautionOthertestssuch as
multi breath washout (MBW), lung clearance index (LCI)farmkd oscillation technique
(FOT)can assess smaller airngaynore accuratelyHowever,Simon et al suggest that in
children FEEs7s0 correlates well with bronchodilator responsand may provide useful

information to supplement FEMnd FVC findingSimon et al. 2010)

1.3.2 Reversibility

The use of reversibility testing to determine the impact that bronchodilator administration
hason observed akflow limitation is commonplace in lung function testing. Administration
2 T »-agonist medication- such as salbutamo! enables assessment of response to
medication and degree of reversibility of airwapstruction Whilst here is guidance ro
what constitutes a positive bronchodilator respon&DR) especially for adultéPellegrino

et al. 2005)current guidance also allows individual clinicians to determing th&n choice
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of medication and dosagfMiller et al. 2005) Whilst this may be reasonable in clinical
practice, i has led to a high level of variability in choice of medication and administered dose
in reportedclinical studieg; limiting comparison of BDR across studiespeciallyin small
populations such as pretermorn children.Furthermore, the degree of impwement that

constitutes a positive BDR is unclear.

1.3.3 Body plethysmography

Body plethysmography enables the collection of lung function measures that incbttle
static and dynamic lung volumeand airway resistance. Comprising of a volugwnstant

box whth encompasses the whole body, volume changes during breathing manoeuvres are
measured by sensorwithin a mouthpiece and the box itself. Flow during breathing
manoeuvress also measured by conventional equipment (pneumotachograph) within the

mouthpiece.

Key body plethysmography measures include intrathoracic gas volume and airway
resistance. Measurement of inspiratory vital capacity (IVC) and expiratory reserve volume
(ERV) enable calculation of residual volume (RV) and total lung capacity (TLC}idn &ddi
TLC being the gold standard for diagnosing restridting function deficitsRV/TLC is helpful
in the assessment of hyperinflation often observed in obstructive disorders such has asthma
(Tiwari et al. 2017)Additional assessment of airway narrowirggaciated with obstruction

can also be undertaken with airway resistance measures.

1.3.4 Multi-breath washout(MBW)and lung clearance inde@_ClI)

MBW and calculation ofLClare used in both cystic fibrosi€CF)and asthma to assess
ventilation inhomogeneity andhe peripheral airwaysAnalysis of thevashout of an inert
tracer gasfrom the lungsduring stable tidal breathingnables calculation of both lung
volume and ventilation inhomogeneity.Cl is a calculated valugasedon the number of
turnover breaths required to clear the lungf the inert gas.An elevated LCI reflects
ventilation inhomogeneityAdditional measurements dhe conducting airwaysSong and

lung acinugS.in) have also been used to assess redioahogeneity.

LClis routinely usedn preference to spirometryn those with CFwith evidencethat is the
optimaltest for detecting early lung diseag@urora et al. 2004a)yVhilst not used routinely
in clinical practice, there is some suggestion that it may be useful in the asthmatiapop

(Nuttall et al. 2019)
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Evidence for use of LC3ong and SKcin in pretermborn childrenis limited and conflicting
Several studies showed little or no difference between pretdéonn infants and terrrborn
controls(Lum et al. 2011; Yammine et al. 2018pwever, a more recemtbservationabtudy

of schootagedextremelypreterm-born childrenshowedthat LCI was statistically higher in
preterm-born children with CLD compared to teifimorn controls. There was no evidence of
difference in LCI between preteryorn children without CLD and tersorn children.
(Sgrensen et al. 2018}t is unclear why the available evidence does wotclusively
demonstrate LClis as useful in the pretersborn population but might suggest thatthe

airway obstruction is fixed and does not allow gas to permeate distally.

1.3.5 Impulse Oscillomety

Impulse Oscillometry, also callddrced oscillation technique (FQT)ses superimposed
oscillations to measure changes in pressure and flow to assess respiratory mechanics
(Skylogiannet al. 2016) In addition to evaluating peripheral airways, there is evidence of
correlation between the FOT and spiromet(Brostrom et al. 2010which enables
assessment of respiratory mechanics in children who are unable to perform spirometry.
Despite these benefits, currently there is a lack of validated reference ranges and a
recognised inability of this témique to discriminate between obstructive and restrictive

lung function deficit§Oostveen et al. 2003)

1.3.6 Electromagnetic inductance plethysmography (EIP)

EIP is a noinvasive test which does not depemh cognitive or physical abilityt uses
voltagechangewithin a generaté electromagnetic field which are proportional to thoracic
and/or abdominal movement to assesses tidal breathfigjlliams et al. 2011)Current
equipment requires the infant to wear a jacket or vest which creates the electromagnetic
field and additional sensor equipment that measures the voltage chdngeg breathing
Several studies have demonstrated their usefulness in evaluating tidal breathing in infants
(Pickerd et al. 2013; Bentsen et al. 201ywever, its use continues to be limited due to the

need for highly specialist equipment andrponnel.

EIP provides potential opportunities to evaluate lung function in infants, children, and adults.
Future use of these techniques in longitudinal studies may help establish predictive lung
function measures which will assist in improved diagnasisraanagement of preteraborn

children and adults.
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1.3.7 Fractional exhaled nitric oxide (FeNO)

Nitric oxide (NO)is a signalling molecule that has several functiamejrotransmission,
relaxation of smooth musclenodulation ofinflammation and host defencéRobbins and
Grisham 1997)In the lung, NOacts on bronchial smooth muscle tonepulmonary

vasculatureandis involved irinflammation and mucous productig@ntosova et al. 2017)

NO issynthesised by family of nitric oxide synthase (NOS) which metabdliseyinineinto

NO and Lcitrulline. There are threesoforms of NOSthe calcium dependemeuronal (NOS

I) and endothelial (NOIE), andcalcium independeninducible (iNOS)hich iscontrolled by
proinflammatory stimuli. NO$ and NOSII are producedn the dveolar and bronkial
epithelium endothelial cellsof the pulmonaryvasculature and specific neurondNOS is
responsible for large increases of NO production (up to 20 times) in response to a pro

inflammatory stimulus

Atopic asthma isassociated with kevated levels of T-helper cell type2 cells (Th) and
eosinophilia Scretion of cytokines It4, -5 and-13 drive eosinophitlinked inflammation
increased INOS and NO productideading to airway obstruction, hyperreactivity and

remodelling(Robinson et al. 2017; Duotiguy 2019)

Eosinophilia is assessed with BAL, or induced sputum. However, this is a challenging test to
perform and assessespecially in childrenAlternative tests including serum IgE and

eosinophils have been found to have moderate diagnostic vi@oeevaar et al. 2015)

There is evidence of upregulation of IN&®I! elevated levels dfeNQOin those withatopic
asthma(Alving and Malinovschi 2010JhusFeNQmeasurement can be used as a biomarker
for Th driven inflammation.FeNO isa non-invasive point of caretest, which has good
correlationwith serumeosinophils, IgE, positive aero allergen skin tests and oesophageal
eosinophil numberqStrunk et al. 2003; Nakwan et al. 2023}udies inchildren have
demonstratecthat FeNO is a useful tetst help diagnosasthma, particularly allergic asthma
(Ciprandi et al. 2013; Murray et al. 2011)is useful tomonitor asthmatic exacerbations

(Petsky et al. 2018)

Despite itause inboth adult and paediaic settings taidthe diagnosis and management of
asthma(NICE 2017a; Khatri et al. 202the interpretation of FeNO levels and et points
for diagnosis continue to be based limited evidencgDweik 2011)Testing is alsaffected
to the ingestion ofmedications ¢orticosteroids and leukotriene receptor agonisisand

nitrate containing foodsalongsidesmoking and rhinovirs infectionswhich canalter FeNO
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measuremens (Bjermer et al. 2014)Neverthelessit is useful in monitoring response to

treatment in asthma.

1.4 Lung function esting in infancy and early childhood

Lung function testing during infancy presents unigcleallenges Raisedvolume rapid
thoracoabdominal compression and body plethysmograate/tests whictcan be used to
assesslung functionin younger children who lack thability to perform spirometry
(Rosenfeld et al. 2013However, hese tehniquesare largelyused inthe researchsetting
due to the high levels of expertisequired access to expensive equipment and use of
sedation (PetersonCarmichael et al. 2014)hus, a greatemumber of studiesfocuson
respiratory symptoms and healthcare ig#dtion compared to formal lung function during

infancy and early childhood.

15 Rationale for choice of technique for assessing lung function

Spirometry enables the collectiaof accurate and objective lung function measurements
before and after inhaled salbutamol. The measurement of FeNO enables greater assessment
of the role of Th2 driven inflammation in those with lung function defic8pirometry,
reversibility testing and-eNO are relatively easy tefiorm, cost effectiveand portable.

Thus, theyare the most accessible techniques for lung functesting ina high number of

schootaged children in a community setting

The ollection of parent/child reportedinformation in relation to historical and current
respiratory symptoms and treatmentgspecially inhaled medicatiofyrther compliment

lung function testing data.

1.6 Respiratory sequelae to preterm birth

Various ling function testingechniques have beeusedto report the respiratory sequelae
during infancy, childhood and adulthood after preterm birth. This sectiordiscuses the

currentevidencerelated tothe respiratory sequelae after preterm birth

1.6.1 Respiratory gmptoms and health care uti§iation
Preterm-born infants and children report greater respiratory symptoms and health care
utilisation Whilst these peak during infancy, for some, respiratory symptaftes continue

to be experienced into adulthood.
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In a largemeta-analysis, Been et al demonstrated an association between preterm birth and

wheezingwhich persised beyond 5 yearsf age- suggesting potential lifdong impacton

respiratory function in this group. They also describe a decrease in the incidenhe&#ing

disorders of 6% for each extra week gestationtero (Figurel-7) (Been et al. 2014)
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Figurel-7 Forest plot showing the impact of decrease in gestation at bidh childhood

wheezing

The effect estimate is OR 0.94 (95% CI 0.92 to 0.96, p<0.01). Thus, 6% decrease in incidence
for each week increase in gestation at birth. FH family history, WD wheezing di¢Bedar.

et al. 2014 Reproduced with permigs underCreative Commons Attribution (CC BY)

licence.

In a large crossectional populatiorbased questionnaire, Edwards et al demonstrated
increased risk of wheezever inpreterm-born childrenwho wereboth under 5years of age

and over 5 years of age. In both groupise risk of wheeze increased with decreasing
gestation at birth and was also associated with diagnosis of CLD in infancy. Levels of inhaler
use were also higher in those with CLD. Reported whegee was independd of family

history of atopy, suggesting that symptoms are related to prematurity and may not be due
to atopy as often occurs in asthnfgdwards et al. 2016 his concurs with Brogim et al

who noted that- despite asthma like symptoms in those with Clifiiere was no correlation

with atopy (Brostrom et al. 2010)

Severaktudies demonstrate preterdvorn children have greater respiratory symptoms, with

those with CLD ding most affected.
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