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"Center for Asthma Research, Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Medicine, and °Division of
Pediatric Allergy, Immunology, and Pulmonary Medicine, Department of Pediatrics, Vanderbilt University School of Medicine, Nashville,
Tennessee 2Division of Neonatology, Department of Pediatrics, University of California San Francisco, San Francisco, Cahforma

and °Department of Pediatrics and “*Department of Obstetrics, Gynecology, and Women’s Health, Albert Einstein College of
Medicine and the Children’s Hospital at Montefiore, Bronx, New York

Abstract

Bronchopulmonary dysplasia (BPD) is a chronic respiratory
disease associated with premature birth that primarily

affects infants born at less than 28 weeks’ gestational age.
BPD is the most common serious complication experienced by
premature infants, with more than 8,000 newly diagnosed
infants annually in the United States alone. In light of the
increasing numbers of preterm survivors with BPD,
improving the current state of knowledge of long-term
respiratory morbidity for infants with BPD is a priority.

We undertook a comprehensive review of the published
literature to analyze and consolidate current knowledge of the
effects of BPD that are recognized at specific stages of life,
including infancy, childhood, and adulthood. In this

review, we discuss both the short-term and long-term
respiratory outcomes of individuals diagnosed as infants

with the disease and highlight the gaps in knowledge

needed to improve early and lifelong management of these
patients.

The significant associations of preterm birth
with adult health have become increasingly
recognized through epidemiological
research and clinical observations (1-3).
Complications of preterm birth (<37
completed weeks of gestation) are most
often seen in very preterm infants (28-31 wk
gestation) and extremely preterm infants

Keywords: bronchopulmonary dysplasia; respiratory outcomes;
preterm birth

At a Glance Commentary

Scientific Knowledge on the Subject: Currently, there is
no comprehensive review of what is known about the short- and
long-term respiratory morbidity associated with prematurity
and bronchopulmonary dysplasia (BPD). With contemporary
improvements in treatment and technology, more infants born
prematurely are surviving with poorly understood respiratory
sequelae that will present unique challenges to pediatric and
ultimately adult pulmonary providers.

What This Study Adds to the Field: This review provides
both clinicians and researchers with a comprehensive
understanding of the range of pulmonary outcomes for
survivors of BPD. In reviewing the literature, we have also
summarized the research gaps in this field.

(<28 wk gestation) (4), although it is
increasingly recognized that even modestly
preterm infants are at increased risk of
adverse health and developmental outcomes.
Preterm birth predisposes individuals
to the development of chronic respiratory
disease in adulthood, including asthma and
chronic obstructive pulmonary disease

(COPD) (5). Worldwide, it has been
estimated that more than 15 million babies
(11% of live births) are born preterm.
Health complications associated with
preterm birth have recently been
implicated as the cause of 36% (1.03 million)
of neonatal deaths. Rates of preterm birth
are increasing in most countries with reliable
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data (6). In 2010, it was estimated that the
rate of preterm births in the United States
was 12%, accounting for 42% of all preterm
births in developed regions (7), and
approximately 90% of preterm infants
survive (8). Infants born most preterm,
during the late canalicular or saccular

stage of lung development, have the
greatest burden of early respiratory disease,
putting them at greatest risk for later
pulmonary morbidity. Indeed, despite
medical advances in neonatal care that
have led to improvements in survival of
extremely preterm infants, the prevalence of
the neonatal chronic lung disease, known as
bronchopulmonary dysplasia (BPD), has
not diminished (9); BPD remains the

most common complication of extreme
prematurity.

The respiratory system undergoes
significant growth and development
during the third trimester of fetal life and
throughout the first year of infancy. Lung
volume and function continue to increase
in healthy children, reaching a maximum
in their late twenties, and then steadily
decline with age (5). However, in those
who have experienced early lung injury
or maldevelopment during infancy,
respiratory symptoms may appear earlier
in life, even in the absence of other illness,
leading to a reduction in peak lung growth.
The outcome of poor lung development
depends on the type and severity of the
insult as well as the lung developmental
stage at which it occurs (4). Factors that
may result in poor lung development
include inadequate nutrition or specific
nutrient deficiencies, maternal alcohol
consumption, tobacco smoke exposure,
respiratory infections, and exposure to
environmental pollution (10). However,
preterm delivery is the most common
cause of abnormal lung development and
can lead to lifelong sequelae.

In 1967, Northway and colleagues
first described BPD as a chronic pulmonary
disorder occurring in preterm infants
with severe respiratory distress syndrome
who had been exposed to aggressive
mechanical ventilation and high
concentrations of inspired oxygen (11).
Infants presented with persistently
abnormal lung fields on chest radiograph,
and histopathological changes included
interstitial thickening, lung fibrosis, and
airway epithelial metaplasia and smooth
muscle hypertrophy (11). After the
increased use of antenatal steroids for lung
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maturation and the development of
exogenous surfactant replacement
therapy, the severity of infant lung
disease decreased and survival of
preterm newborns improved, particularly
at lower gestational ages. These medical
advancements resulted in the evolution
of the disorder to a new form of the
condition that predominantly occurs in
the most premature infants. BPD, in

the contemporary era of perinatal care,
is characterized by persistent decreases
in alveolar counts, with enlarged alveoli,
leaving an overall reduction in the surface
area available for gas exchange, and

is thus considered a consequence of
disrupted or arrested lung development.
Currently, the most commonly used
clinical definition of BPD is the need
for supplemental oxygen at 36 weeks’
corrected gestational age, often referred
to as the Shennan definition (12). Newer
definitions incorporating a physiological
test of room air saturation at 36 weeks
and a severity grade based on the extent
of respiratory support required have also
been proposed and used clinically and
for research purposes (13-15).

BPD develops in approximately 10 to
40% of very low birth weight (VLBW) and
extremely low birth weight born infants,
respectively, with 5,000 to 10,000 new cases
in the United States each year, depending
on the definition applied (16). Although
mortality attributable to BPD has declined
over the past decade (17), BPD places
a significant demand on health services
(16) and constitutes a significant health
burden far beyond the neonatal period.
With persisting lung impairment, survivors
may be at risk for developing chronic
obstructive physiologic impairments,
such as fixed airflow obstruction and
hyperinflation, later in life. However,
beyond prematurity, the role of different
neonatal factors, events, or treatments
in the development or persistence of
pulmonary changes in later life is poorly
understood. In light of the increasing
numbers of survivors of BPD and the
lack of clear knowledge of the etiology
of BPD sequelae in later life,
the goal of this paper is to review the
published literature to determine the
effects of BPD at different stages of
the life course. This review focuses on
respiratory outcomes of premature infants
and the impact that a diagnosis of BPD
has on these later outcomes.

Methods

An electronic search of MEDLINE and
EMBASE was conducted using the following
key words: “premature infants,”
“respiratory outcomes,” “chronic lung
disease,” “wheezing,” “outcomes,”
“asthma,” “adult,” and “bronchopulmonary
dysplasia.” These keywords were
iteratively entered to identify all relevant
literature. Further searches were then
conducted based on references cited in the
retrieved articles, and additional studies
were identified. Titles and abstracts were
included based on a checklist of selection
and exclusion criteria. The search was not
time limited. However, only studies
published on or after the year 1990 were
included in this review; these studies largely
focus on children born after the routine
use of antenatal glucocorticoids and
availability of surfactant. The initial
selection criteria included studies involving
human subjects and survivors of preterm
birth. Articles were included if they
provided primary data on the respiratory
outcomes of individuals at various stages
of life. These papers were categorized
according to the following subgroups:

first 5 years of life, school-aged children
(6-18 yr), and adulthood (older than 18 yr).
Literature reviews, commentaries,
metaanalyses, and systematic reviews were
excluded. Only articles published in English
with full text versions available were
included. All studies cited in this paper were
identified and abstracted by the authors.

» «

Results

Overall, 61 publications met inclusion
criteria (18-78) and are summarized in
Table 1.

First 5 Years of Life

Seventeen papers were identified that
evaluated pulmonary outcomes of preterm
infants within the first 5 years of life (21, 26,
27, 30, 31, 33, 40, 46, 47, 51, 55, 58, 61, 64,
65, 73, 74). Varying definitions of BPD
were used in these studies, with some
defining BPD as persistent oxygen use at
28 days of age and others defining BPD
based on an assessment at 36 weeks
postmenstrual age. Studies varied in study
design, evaluations, and study end points
used to measure pulmonary outcomes in
children younger than 5 years old. Eight

135



(penupuog)
‘sjuswanoiduw
ou yum ‘bunsey
uopouny bun| oy Buipioooe
uonejwi] mojuie ypum
saljjewlouge jueolubis
MOUs addgd yim uaipjiyo
‘oj1| J0 JA g 18414 By} Buung
"aWl} JOAO USSS 8Jom 'sisoubelp qdg Sse paulep
sjuswianosdwi Jueoyiubls ‘adg sem uoleseb ym gg Jo
ON "DddxewA Aq PeY papnjoul sjueyul |IY 8yl J0 p g2 puoheq usbAxo ayl jo sexa |
‘ow g painsesaw ‘mojy Alojelidxe =N paiinbal pue sisoubelp JA € 1843 aivyy Buunp adg ‘uo1SnoH
pue ‘2| ‘9 Je painsesw [ered mo| aney 0} punoy Apnis poyoo Addg Yim JUs}sIsuoo UHM USIP|IYD JO LIoYoO & ‘(g9) (0102)
sem mojuie Aojesdxs [elued alem gdg yum uaipiyn [euipnubuo| anpoadsold  sbuipuy oiydeiboipes 1seyn ul uonouny Bun| ainsesly e 18 Anoyye4
“JA g 1sMl} 8y} Joye ewyise
aney 0] pue a)l| Jo JA g
1S41} 8Y} Ul SJ0}e|IpOoyduU0Iq
asn 01 A9yl aiow
Ajueoiiubis alem abe
Jeuondsouooisod ym 9¢
1e uabAxo |eyusws|ddns
paAleoal oym o adg
JO @ouspIine diydeiboipel
yum sjueju| A G-
sabe usamieq ewyise
yum pue JA g ebe 0} dn
p Ge-Ge¢ abe e gdg 0
aouapIne olydelbolpel :asn
Jorejipoyouoiq yum
pajeloosse Ajpueoniubls WIS} [Ny 9JoM ‘possesse
9Q 0} punoj ajem (90| =U) s109[gns [043U0D os|e sem Ajanas pooup|iyo Aues
"M8IA8) SIy) Jo) pessesse d1d/adg 4o siojedipul pue ‘6 10G| > yblrem ad9g .'sisoubelp addg. ur pue ‘Aoueyur ul ‘ypiq
Aluo a1em Qdg yum sjuejul OM] "Adg Yum pesoubelp  yuig Yum uiog sejeuosu Se pawJs} Sem | JO p 08 1e esessIp Alojelidsal pue
UM PaIeIO0SSE S8WO09IN0 aJaM %t'Gg pue ddg alem (gg/ = u) sesen 1e usbAxo [ejusws|ddns qyBiem yuig mo| ‘ewlyise S91EIS paluN
uo eleq "Apnis Jejuaonnu JO @ouapIne olydeiboiped sajeuosau 00‘L =N JO @sn pue gdg Jo Jo Aoisiy Ajiwey usamiaq ‘(0g) (8661)
“08l01d BunT ulogmeN eyl pamous %t'6g ‘Sosed JO Apnis HOYo09/|011u00-ase) 2ouspIng olydelBoipey SUOIBIO0SSE 8Y} d1eNn|eAd O] ‘[e 1@ sueng
'S434 MO| 8L}
AQ ps[eanal se usweduw
uoiouny Aemuie [eiuelsgns ‘abe Jo ow | je sweiboipel
e jussaid ||ins Asyy abe 1S8Y0 [euIOUQE PUe ‘p gZ<
JO JA g 1e ‘sanjeA [ewou Jo} uabAxo |eyuswa|ddns
Jo abuel ay} Buiyoeal SNONUIRUOD J0J Paau ‘p O}
‘all] 1o sseak 1sa4 By} ‘adg 1Se9| 1k Jo @ouspuadap  eise|dsAp Areuowindoyoduoiq
‘ow g pue ‘gL ‘6 ‘9 Buunp aAoidw sIoAIMNS pey papnjoul syueul || Joye|uan ‘6 0gzL UM SJUBUI Ul UOIOUNY Aey
‘S 1B pajenens alom DY adg jo solueyosw y2=N > ybBiam yuiq :pspnjoul Areuowind jo 8sinod ‘(22 (2661)
pue solueyosw Areuowind Areuownd ybBnoyyy poyon  Qdg 4o euswuo onsoubeiq oi16ojoisAyd ay} ayenjens ‘le 1o pleseg
8Jl| 40 JA G 1sd1} BY} UIYIM painsesl swooin0
sjuaWIWIoD sBuipuiy azig a|dwesg uoniuyag awonNQ annoalqo Apnis uoneoso ‘Apnis

pue ubisag Apmis

awooInQ jo aby Ag padnolir) ‘saipnig pa1os|es :sewooinO Aojeaidsay pue eiseldsAg Areuowndoysuoig yim sjueju| ainjewald °| a|qel

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

136



(penupuog)

[eudsoy swes

woJ} 666 Jequerdes

pue gegl Aenuer
usamiaq uioq sjpuedioiped

‘sjuawreduwl
[eluswdojaaspoinau pue
‘suonezieydsoy ‘Asbins

‘swajqold Aiojeaidsal
jualsisiad ‘ymoub
papN|oul SaiNseaw SWOodINO

pajeJisuowap uoljoLlsal
1Sepouw pue uoloNIISqo
Mmojpie ueoyubis

‘obe Jo 3m Og | pue QG 1e
usy e} 8I9M SjusaWBINSEs|\

sjuswiwon

‘a}l| 40 Jeak 1say 8y} Buunp
SUSSIOM UOIym ‘DY {Xewp
pasealosp aney 010 Yum
spuepl MaA (k000 > d)
G0 40 (94008 Z) DHXBWA
ul uononpal uesw e

SeMm aJay) ‘ow g| pue

9 Usamiag ‘[ewiou mojeq
Apueoiiubis sem DY4XBWA

uesW ‘oW gL pue 9 1y

‘(L-adg pue dnoib
|043U0D BU} IO} 0°Z "SA £°9)
swa|qoud Aiojesdsal 1oy
suolssiwpeal Jo sAep
alow pey ng |04U00

0} Jejiwis alem g-add
yum uaipiyo ‘dnoub
|0J]U0D 8y} 0} (Sasned
Aiojeaidsal pue ‘yyesy
[esauab ‘Yimoub) painsesw
SBWO2}N0 Ul Je|iwIs

‘adg

/asess|p Bun| o1uoIyd
pey pspnjoul sjuejul ||y
9€=N
Apnis poyoo annoadsold

(€6=U) 3¥m 9g 1e
20 paniedal ig-adg pue
(8% =u)¥m 9g 1 10U ‘P 82
€0 panidal 1L-adg
1SOSed {9/ =U) p 82
1e juspuadap uabAxo
jou ‘dnob uosuedwod
[B1EUOBU :|0J1U0D
Sjuejul /1g=N
Apnis poyoo

alom L-Qdg YuMm usip|iyD eAosdsolial [04uoo-ase)

QLT 6L 11—
‘%E'eE F 8°L9) %975C43
pue (.2 +85€— ‘%L'LE
T 8'7S) OAd paiidxe jo
%G/, ¥e 434 ‘(69 ¥ €L'g—
‘al0os 7 ‘pajoipaid
%6'GL T 092) S G0 U A3
ul suofonpal Jueoyiubis
pajelisuowsp Anawoldg
'selpnys uolouny Bun| omy
JuamIBpUN SluBUl usalybig
‘ddg yim sjuejul
€1/G Ul punoy |jis sem
SIy} sealeym ‘(s/jw ozt >
MOJ}) uoionssgo Areuownd
[esoyduad asenss wol) Jayns
10U pip sjusiied |04U00
‘YW 02 Y "ebe pe1oalod
¥M-QG 1B SlUBjUl [0JJU0D
¢/, Ul pue ddgd yim sjuejul
02/91 Ul (s/lw 8 > moy)
uononisgo [essyduad asenss
pajedipul /W QHXewA
‘Alenpeib panoidwi 1nq
‘dnoib ggg suyr u 109dse
‘paseasoul Ajeiyul
aoue)sisal WwalsAs Alojesdsay

sbuipuly

‘adg
pey papnjoul sjueul [y
Sluejul | =N

1oyoo [euipnubuoT

‘adg noyim
WBem ypig moj aiem (1|
= U) s109[gns |0J3u0d pue
‘adg yum pesoubelp
QWOIpUAS ssalsip
Aojesidsal alanss ypm
Sjuejul aJem (gg = U) sese)
LE=N
|0JIU0O—8sE)

9z|g a|dwes
pue ubisaqg Apnis

aim Jo4 [eoldAy abe

jo ow | Je weiboipes 1s8yo

pue ‘ebe [euoljelselb ym

o€ 1e Jo/pue p gg 1e usbAxo

[eluswsa|ddns snonuiuoo o}

posU ‘YuIq Jeye p / 1ses)| e

J0} UOIE|1}USA [eDlUBYDSW

Joy pasu ‘(6 0gz'1>)
MdA Se pauljep swodINO

UO[E[JUSA [EQIUBYOSW
[BUOIUSAUOD JO UOIFE|IJUSA
uone|ioso Aousnbauy-ybiy
yum pajeai} ‘eseasip Bun)

JlUOJIYD yum spueiul MgTIA

Ul DY4XBWA 81enjens o

spuepsyieN

ayi “(¢2) (2002)
‘e 38 sinyjoH

epeue)

‘lealjuolN

‘(1€) (866 1)
‘le 1o aiobain)

‘obe [euoneiseb ym 9¢
10 p 8¢ 1e aouspuadsp
uabAxo se paulyep sem adg

ow g| 1e seipiqiow
JO ¥su ybBiy 1e ale sjueul
wuelald AJan Ji suiwisleg

'VIAd
MM 9¢ 1e uabAxo aiinbal

oym Ajainyewsaid uloq
sjueyul ul Adesayy usbAxo

ay| Jo
IR € 1814 8y} Jono adg

puUE UOI1B|IJUSA [edlueyoaWw jo Aoisiy e yum sjueyul uebiyoin
wod} Buiynsea. asessip ul uoiouny Areuowind ul “89) (1 102)
Bun| se pauyep sem adg sebueyd [euipnybuo| ssessy ‘e }@ uniq)i4
‘abe
awes ay} je sweliboipe.
1S8yo [ewouge pue
‘abe jo p gg 1e Aouspuadep
uabAxo yum Aousioinsul
Aojeaidsal jusssisiad adg noyum pue yum
‘uoddns |eolueyosw sjuejul ainjewsaid ul abe
Buuinbais swolpuAs  ps8108.I0d YM Qg PUE QG 1B Auewuen)

ssalisip Aojesidsal
[eTeUOSU SE paulsp sem addd

uonouny Areuowindoipieo
1O juswuredw ayeneas o]

‘(72) (g661)
‘[e 18 peisieq

uolluleg awodNQ aAno9Iqo Apms uoneooT ‘Apnis

(penunuog) -} a|qeL

137

Pulmonary Perspective



(panunuoy)
‘adg
JO SIOAIAINS puB AAGTA Ul
uaylo alow Jno2o Adeissyy
uollejeyul pue azeaym ‘adg inoyym
‘yuiq sealaym ‘Sjueul Wi} 8 pue yum g/ ‘wisieid
Joye oW g| painsesll SeM Ul SE UOWWIOD Se S| Sjuejul aJoM papn|oul sjuelUl ||V ‘P 82 adg noyum pue yum puelszIMS
awoo2INO 9002 PUE 666 wuslaid ul ybnoy "ezeaym 92L=N 1Se9| 1B J0o} Juswalinbal sjuejul wislaud jo sdnoib ‘uleg
usamiaq uloqg |eydsoy auo pasusuadxe % {ybnoo Apnis uabAxo [euswseiddns ul aseasip Aojesidsal ‘(19) (L1L02)
woJ} uaye} syusiled  psousuedxs jusoised Aybig HOYo9 yuiq aA3osdsold Se paulep sem adg 1O usping 8yl 8quoseg  ‘[e }e euewelid
(L0000 >d ‘S'9-t'¢
‘19 %56 ‘L ‘HO) ewuyise
juauno Buidojansp jo
uonendod [essusab sy} ueyy
ysu Jaybiy Apueoiiubis
B peYy addg yum Aoueyul sAep |ejeulsod gg<
uaJp|iyD "BWIYISE JUBLIND JO 1B 0dg pey siuedioiped |y Jo} Aouspuadeap uabAxo yuig e qdg wouy eulyn ‘buoy
A $°G sem swoldwAs pajelisuowap GG=N pajswnoop pue uoie}sab paJayns oym s[enplAipul BuoH ‘(0t)
Juswssosse je abe ues|\ UaJp|Iyo JO Jusdiad JNOy-AU04 Apnis HOYOD BA108dS0JI8Y MM gE€> UHM SJuBjul Wisleld o aejenbas wiel-buo| sessy  (0002) e 19 ‘BN
oIl jo0 A ¢
1s413 8y} Buunp sanjosal
AunnoealiadAy [eiyououq
JOU sAemuie oloeIoyIeIIUIl
Ja|lews a8y} 4O UOoI}ONIISqo ow | Je sweiboipel 1seyd
Jayysu adg ui ey [euuoude pue ‘ebe jo p gg
1sebbns sbBuipuly asay | 1e Aouspuadsp usbAxo
ow QL= ‘obe Jo ow 9¢ AQ S|oA9) ‘adg a1enes  yum Aousioiynsul Aojeaidsal adg
paiejiuaA ‘g dnoin [ewou 01 dn sayoied 1nq 0} ajesopow snoinaid  juslsisiad ‘poddns Joje|iiusn 9J9A8S 0} 9)elopowl Yim
‘ow G> pale|iiuaA ‘i dnoin paseslosp Ajglelopow si pey papnjoul syueul ||y [eolueyosw Buuinbai Awolsosyoely snoinaid LINOSSI
:sdnoJb om] "uosuLedwod Auoedeo [eyA ‘gdg aJenes LL=N ssaJisip Alojelidsal UHM SJUBLUI Ul SWN|OA MO} ‘(ta) (Le61L)
ON "s|dwies |jews Aiap 0} Sjelopow yum sjusijed uj Apnis [euipnyBbuoT [eleUOBU :euBIIO Adg Aojelidxe [ewixew ayenjend ‘e 1@ MojeiN
"saljjewoude
wusl-buo| alenss
0} }eJopow Ul }nsai
Aew qdg aseneg "dnoib
|0J1UOD By} Ul UsJp|iyo
‘AdeJay) wusaud ayy Jol (LO'0 > d)
JUBIOBUINS PAAIBJaI %1 F S8 yum pasedwod adg mnoyum s} Joye ow | 1se9)
pey uaJp|iyo a8y} Jo suou (peroIpaId 240G > *A34 Inq ainjewaud :s308fgns 1k 4o} uabAxo [eyusws|ddns epeue)
‘eso olnadessy) sy} 0} ue pey ) paolpaid |0J1U0D ‘{gdg yum :sesen Jo} Juswaiinbal pue adg 10 SIoAIANS ‘0agenp
anQg “JA || Jo ebe uesw e %12 * 79 40 FAJ4 uesw e 0£=N ©be [euone)sab ym pg= je 10 aejpnbas Areuownd ‘(e¢) (8661)
1B painsesaW alom SawooIN0 peYy adg yum syoelgnsg Apnis |ojuoo-ase)  yuiq ainjewsid eusiuo gdg wJal-Buo| ayenjeng ‘e 1@ qooer
"(L00°0 > d) InoyuMm
uaJpliyo Uey} ewyise "6 00G" | > bBlem “m "6 001> Jo WBlem pue
JK 9'G6-g'p 10 abe abeione pooyp|iyo jo aosusjesaid 2¢ = abe |euonielsab e “Mm gg > abe [euonelsab
1B painseaw awoon0 J8ybiy Appueoiiubis pey yrm wueaid ‘sebueyo ol6ojolpel pooyp|iyo
"100g 4oqwieos@ 0} Adg Um uaipiiyd (%S°81) 8Jem papnjoul sjuejul ||y [E010A} UM VINd YM 9€ Apes Jioyy Buunp sjuejul uemie |
G661 Arenuep wouy [eydsoy uaJp|iyo ainyewsaud 891 =N e uabAxo [eyuswa|ddns Joy MEA Ul BWYISE 1O} 1010k} “(2¥) (2z002)
8y} 01 paniwpe SaleuosN L€ Ul puno} sem addg Apnis HOYOD aA110adsol1ey pasu 8yl Se paulep Sem ddg  XSM B Sl adg Jeueym Ajusp ‘e 18 yaisH
sjusawwo) sBuipuiq 9z|g a|dwes uoniuyag awodnQ aAnoalqo Apms uoneso ‘Apms

pue ubisaqg Apnis

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

138



(penupuog)

‘paidde
S| UoI108.I09 JybBlram Apoq e
usym adg inoyum siuejul
4O ey} yum auj| ut sdojeasp
SJuUBjUI YONS JO UOIOoUNy
Bun| ay3 ‘adg usm siuejul
Jawuoy ul sbe| sierpwesed
Jeuonjouny Bun| swos Jo
ymoub orrewos “syoslgns
|0JIUOD pUE S9SED
Yroq ul swi Jeno Apided adg noypm ‘gz =u adsg
M 00 L pasealoul DY-4XeWwA :s309[gns |0su0D VINd XM 92 1e usbAxo INOYNIM puB YlMm Ssjuejul
pue ‘0/ ‘0G 1 pawJopad 's}08lgns |0J3U0D Ul Uey} adg yum ‘g =u :sasen [euswa|ddns papasu MdTA usamiaq abueyosip
SBM JUSWISSaSSE  S9seo Ul Jamo| Ajjuediiubis spuepul wisyeid ‘GG=N pue B 00S L > bem ypiq Jaye swdojansp
uonouny Bun| aaisusysidwo) alam 3\ puB LA yiog Apnis [0U00-8se) JO YuIq wueiaid eusiio adg Bun| reuonouny asedwo?
‘BLIYISE
|ooyosaid Yyim pajeoosse
Apueoyiubis aiem qdg
jo (L9'L =HO) soussqe Jo
(S6'2 =4() @doussaid sy} ul
(L1z=4O0) b 005*| > biom
UHig pue (y€'L = Ho) G861 Yose 'SOpod i -0
Ayinyewsid ‘adg yum puE #7861 |udy usemiaq 6d0I ybnouyy paunuspl abe Buunp souspioul
6861-186 pasoubelp a1em (8gz =U) syuIq |e ‘20291 =N sem pue AjpAjoadsouial BUIY]SE UO SIlisleloeseyd
woJy s|gejiene ereq %71’ L JO [e10} Y Hoyoo aAj0adsoliay passosse sem (Jdg UBHS9 JO J109)d 8y} ajeneAs
‘wie3aid wiog sjueyul Ul 8y Jo
JA g 18411 8y} Buunp uonouny
Bun| jo aseaiosp [euonippe
ue yum pajeloosse si qdg
"'SMOJ} Jamo| Ajpueoniubis
yum pajeroosse sem gdgd Anyewsaud
'$109[gNs |043U0D Ul UBy} jo Aoisiy ‘ge=u
S9SBO Ul Jamo| atom abe :s309[gns |0J3u0) doys»iom adg
‘oW 8¢—¢ Jo [euonyeiseb pue %5453 adg pue Ayunjewsid HIN/QHOIN Jed pauljep INOYNM pue yum sjuejul
abue. abe [eoibojouoiyo e ‘969843 ‘%SL434 Jo AoisIy ‘g = u :sese) (219n8S/01RIDPOW/P|ILL) wJalaid usemiaq Juaiayip
paJinsesw sem uolouny Bun ‘%0543 ‘SOpJ4 JO S8I00S 7 Apnis |04u00-asen) adg Jjo Aluenss pue gdg  SI uonouny Bun| ji sulwieleq
‘Buidden
JIe pue uol}oNIISqo
MOJHIe 8)elspow 0} piiw Aq
pazieloeseyd saljjewiouqe
uonouny Areuowind
aney adg jo Aoisiy e yum
SJuUBjU| "SOSED U] pasea.oul
alem J71/AY Pue ‘Ad
‘044 "s108lgns [03U0D Ym S]]
paJjedwod 434 pasealosp wusl-||Iny Ayyesy ‘Ly=u
pey adg jo AMoisiy 'syoelgns [ouo)
yum sjuedioiped ‘buizesym adg pue Ajunyewsud adg pue Ayunyewsud
juaunoal jo Aiojsiy e Jo Aoisiy ‘gg = u :sesen VIAd MM 9€ 1B 20 yum Jo Aio1siy yum sjuejul
MM 9°GE F 0'89 ‘Apnis 1e aby pey saseo Jo jusadsad Ayl Apnis |04u00-ase) yuiq wisieid se paulyep adg ul uoiouny Bun| sulwex3

sjusawwo) sBuipuiq 9z|g a|dwes uoniuyag awodnQ aAnoalqo Apms
pue ubisaqg Apnis

Auewuen)
‘uipeg (s9)
(c1L02) e 1o

yosilewyos

epeue)
‘ouejluQ
‘(92) (9661)
‘e 18 [egneyos

ureds ‘(y9)
(cLoz) e 10
S||0S-zayoues

sloul||i

‘obeoiyn

‘(9v) (¥002)
‘e 1@ uiqoy

uoneso ‘Apms

(penunuog) -} a|qeL

139

Pulmonary Perspective



(panupuo)

"ajl| ur Jeye| adOQ Puidojenep
JO ¥su 1e Ajlenusiod are
adg uum pssoubelp uaipliyo
IV "uonouny Bun| pasedwi jo
80UBpINS BWOS pPamoys dddg
UM USIPIIYO | "Bulyise Wwiol
pajeyns adg Uim usipiyd  adg-uou wisjaud ‘gg=u

JO sjuased aiow Apueoiubig :s109[gns |0J3u0)
‘usbAxo [eyuswisiddns adg
A /-9 ebe 1e dn pamojjo4 uo sAep Jo uojeinp pue  yum wJsaid ‘gg = U isasen
/661 PUB ge6l Usamiaq ‘dvdD “Ioejjusn uo shep MG 81om ‘obe Jo p 82 abe |ooyos
[eudsoH s, uaJplilyD  Yum pajeauod Ajpasod sem papnjoul |l {09 =N :[e10l 1e usabAxo Arejuswelddns 18 Aupigiow Areuownd uo uspamsg
BYSSYOBS JO Hun ale) (e10n8s pue ‘elesepow ‘pliw Apnis JO} pdu 8y} uo adg jo A&uenss ayi ‘9) (0102)
[ereuos| :uonejndod Apnig Te pepeib) qdg o Awenes |0Ju0o—aseo/dn-mojjo4 paseq sem Adg 4o sisoubeiq JO 10BdWI By} BUIWEXS O]  ‘[B ] WQJl1solg

‘sieak jooyos Jieyy Buunp
‘lroq Jo ‘aredas Jo ymmoib
Bun| panuiuoo aney asessip
Bun| syelepow 0} pjiw Jo
90UBPIAS UM 3SO0U} ‘Ymmoib

Bun| [leuuou pey YA , abe ‘abe Jo p gg puokaq

e uonouny Bun| [eulou pue So|}l[ewJouge uoisus}

adg yum asoy| uonounisip seb poo|q pue ‘oibojoipe.

Bun| [enpisas Jueoiubis ‘adg Jo Aioisiy [eouo e ‘leoiul)o Aq paulwisiep se

‘parebiisaAul  JO 8duUspINg "AJH Ul 8sealoul pey papnjoul syuaned Iy  Aianooald a1ejdwodul yum
aJem syuiq ainyewsaud [euwlou uo paseq ‘abe Jo JA 2€ =U :dn mojjo4 Ainluy [ereuosu aynoe epeue)
Jaye ddg pedojeasp oym Q-2 usamiaq ymmob Bunj jo 0G=N Joye Jopiosip Alojesdsel e adg jo Aiojsiy ‘(02) (1661)

sjueju| "azis ajdwes |lewS ojes pajoadxe pey sjuedpiyed  Apnis LoYyoo aA0adsold Se paulep sem ddgd [eanjeu ay} ayenjens ‘le 1@ Asuhe|g

"UOIIO]SIP [BIN}OSNYDIE puR
‘19 Aojesdxs uo Buiddesn
Jre ‘Ayisusp ul sesealosp
[ewiouge ypum Ajpueoiubls
pale|a09 uonouny

Areuowind fewouqy ‘'sioyine Aq
Ayoeded [enpisali [eUOI}OUN) paioads jou sem uoruep
[ewioude pey %69 Jes|o e ‘yons se ‘pue
‘sueos | 9 Aojesidxs ul ‘passesse AjpAljoadsosal adg yum usipjiyo
Buidde.y Jre Jo eouspine pey  adg o Aiolsiy [eolulo e sem sisoubelp adg ‘add Jap|O Ul syNnsaJ uoiouny
1A 0L sem syuedioiped jo syuaned g ‘sbuipuly 1D pey papnjoul syusied ||y Jo sisoubelp snoinaud & Areuownd yum sBuipuly 19 S9]1e1S palun
obe abelane ‘sabe Jo abuel [ewJouge pey syuedoiped 92=N papn|oul syuedioiued Joy Aojesidxe pue Aojeadsul ‘(9¢) (6661)
peoig "ezis s|dwes |[ews J0 1eoJad omi-A1BUIN Apnis aA3oadsold BLIS1IO UOISN|oU| uonnjosal-ybiy paiejpiion ‘e 18 ouinby

(ebe jooyos) JA g1—9 usamlaq painseaw swodIN0
‘90uUBlOBa) UBaW
JAMO| e pue Aousnba.y

jueuosal Jaybly e uo paseq SjuejUl
ddg inoyum usip|iyo wod} wusy-|Iny Ayyesy ‘gz =u
paysinbuiisip g p|noo :s109[gns |04u0)
adg yum usip|iyd ‘adg (oe=u)adg ‘uonelseyuew olydeibolpel
INOYUM SaSED UBUYY ASH  INOUsm pue (L =U) add UUM pauIquiod p 8z
JO @sneosaq suolissiwpe UHM y1og uaipjiyo ulog 1e usbAxo [eluswsiddns  abe [ooyosaid 1B qdg yum spuepayleN
‘obe Jo JA g pue ¢ |[eudsoy aiow Apueoiubls  Ajpanyewsaud ‘7 =u :sese) SNONUIJUOD 10} paau sjueul wuslaid jo yyeasy oyl (1S) (2002)
usaM}aq painsesw swooINQO paypodal ddg yum sesen Apnis |04u00-ase) 8y} Se pauisp sem qdg Aiojesidsal oy} a1ebisanu| ‘e 18 puellup
sjusawwo) sBuipuiq 9z|g a|dwes uoniuyag awodnQ aAnoalqo Apms uoneso ‘Apms

pue ubisaqg Apnis

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

140



(penupuoy)

M 9¢ J8le yiesp

10 1ul0d pus paulquod
Se paulep Sem awooNo
JOOd "8Wwo9Ino Jofew e

10U sem Buizesym/ewyisy  Ajpuspuadspul Jou sem ddg

‘L L ebe
e painseall Sem aWooIN0

K 6°g| Jo obe abeiane
1 painsesll sem awooIN0

"YHIq ye ¢861—L.261 wol
pazieydsoy aiem s309lgng

‘leudsoy suo

woJj usye} sem a|dwes

‘pa1onpuod sem Buiyoyew

ON "yuIq wisaid jo

Aolsiy e pey oym JA p| jo
abe ay] 18 UaIpP|IYd 1e payoo]

'6661-966 | Buunp
Ja1uad Aeius) a|buls wouy
pauieiqo uonendod Apnis

sjuswiwon

‘1| ebe ye swooino
Jood yum peiejeliod

‘abuel ueoiubis Ajleoiulo
8y} Ul sapjfewlouge
uoiouny Bun| aney

ma4 ybnouyye ‘adg noyum
ualpliyo MaA Buininins
JBYlo ueyy abe Jo JA ||

1e uonouny Bun| Jais00d
aAey pouad uiogmau ay}

adg pey
papnjoul syuedpiped ||y
¥Z¢=N
Apnis Hoyo
addg
OU ‘UOlje|uaA
ou ‘(p9=u) || dnoib
sjoelgns jonuod ‘adg
OU INQ UOREUA (Lt = U)
| dnoub syoslgns [ou0D
adg uum (G| = u) sese)
"MATIA 8lem
papnjou; syuedoiyed |y
7S5E=N

Ul adg Yum uaipiyd MgTA  Apnis HOYOD [0jU00-aseD

‘a1eJ pidel

aiow e je Bunelolsisp
aq Aew uonouny Bun|
JIsyl pue ‘qdg noyum
9SO} UeY} 8oU80ss|ope
a]e| Ul uonouny

Bun) ss100d aney pousd
uiogmau syi ul adg yum
MgTA ‘ddg pey Hoyoo

"MEA d1om
papnjour sjuedioied |1y

LvE=N

ay} Jo jsaiad om)-Ajuam ] Apnis poyod annoadsoliay

‘ddg noyum uaip|iyo
uey} moj} Bunosyjsel
S9|geleA Jo} senjea

Jamo| Ajpueoiiubis pey

adg yum ueipjiyo wisiald
‘'sdnoJb |je 4o} abe jo JA p|

1e [ewlou sem uoniouny BunT

(€0°0=d ‘%EL-¥0

‘10 %G6 ‘%0 ‘@oualapIp
uesw) dnoibgns

adg au} ui onel oL

/N 18ybly Apueoyiubis e
jo uondeoxe 8y} yum (adg
"SA Qdg ou) uaipjiyd META
usamiaq uonouny Bun|

Ul puUNoy 819M S8oUBIeYIP ON

sbuipuly

(wubrem B 661 2<) sjueyul
wuel Ayiesy ‘09=u

:s309[gns [041U0D

0lg=u :sese)
|0J1JU0DO—-8Sed

‘boyoo aAoadsoid

sjuejul
wJel Ayyesy ‘gy =u

:s109[gns |0J3U0)

adg yum gg 8y = u :sese)

Apnis |04u00-ase)

9z|g a|dwes
pue ubisaqg Apnis

M 9og (ebe ereusod
+ abe [euoireisab) YINd
1e usbAxo [eyuswe|ddns
JOJ posU B sk paulep sem Addg

‘Res-x

1SOY9 [ewlouge ue pey
pue ‘ebe jJo p gz 1e uabAxo
uo [|1}S 8JoMm pue SSallsIp
Aiojeaidsal pey ‘pousd
[eJEUOSU BY} Ul UOIIE|IJUSA
ainssaid aniusod
JuspIwISIUl palinbal oym

asoy; ul paesoubelp sem adg diysuoije|al ey} aulLLIBep 01

‘P 8¢ Joye Jo Je
ydesboipel 1seyo [ewiouge
ue pey pue ‘ebe jo p gz 1e
uabAxo paiinbai ‘ssalsip
Aiojesidsal pey ‘uolre|ijuan
paisisse palinbal

OUM SJUBJUI 8J0M BLISIIO ddg diysuoinieles 8y sulwisiep o

"obe

JO p 8z Jeye juswaiinbal
uabAxo ue pue Ael-x 1s8yo
[ewoudge ue yum ssalisip
Aiojesidsal jo subis

[eolUl)D Se paulep sem adg AJojesdsal sy sulLIelep 01

‘obe |ejeuisod Jo p gz<
Jo} usbAxo Aseyuswelddns
JO} pasU 8y} uo

paseq pesoubelp sem qdg

uoueg swooINQ

uoneisab
MM 9g> 1B ulog sjueul
Ul SBWO9IN0 JA-| | uo

dOY pue ‘Aunful ureiq ‘adg
Jo 10edwi 8y} sulwisld(g

sjo9lgns MgTIA Ul
adg pue abe jo JA ||
e uonouny Bun| usamiaq

adg pue a2ouadssjope aje|
ul uonouny Bun| usamiaq

s109[gns |0J3u00

[ewIou yum synsal ay
asedwoo 0} pue 6 10G‘}
> 1yblem yuiqg Jo uaip|iyo
1O 80U89Ss|ope Ul Yesy

usIpiyo MAINA
J0 abe |ooyos e BWooINo

uonouny Bun| ssesse 0]

aAno9Iqo Apms

uspemg

“(29) (L102)
‘e 10 1booue

elfessny

‘(v2) (9661)
‘le 1@ sjkoq

eleisny
‘auInogaN

‘(6%) (9002)
‘le 1@ sjkoQq

elessny
‘suinoqsN

‘(1v) (L002)
‘le 18 ajkoq

Arey ‘eubojog

‘(99) (¢102)
‘[e 1o oyezzen

uoneso ‘Apms

(penunuog) -} a|qeL

141

Pulmonary Perspective



(penupuog)

‘Sjuejul WIS}

pue gdg mnoyum wisieid

yioq yum pasedwod aiom
adg yum sjuejul wisiaid

adg uim ¢
pue gdg inoyum wisiaid

2| :seseo Jo sdnolb g  pesessosp :adg Yum sesen

‘pPooypIIiyo

Buunp uonouny Alojesidsal
J0 Aianodal a19|dwodul

40 XSU Je ddg UYim uaipjiyo
Ajuspi 03 djgy ued
Aoueyul Buunp uonouny

Aojesdsal Jo Juswissassy

"sjuejul
wusy pue adg noyum
sjuejul wislaid Ajpwalixe
0} pasedwod aiem qdgd
Yum (uonerseb sm Gzs)

sjuejul ainjewsaid Apwaiixg

sjuswiwon

‘wie) aJem (8oL =u)
s309(gns |043u0)

(e =u) adg-uou

pue (g7 =U) Adg o

Jids sem dnoub ‘wisyeid
|le a19Mm (96 = U) Sese)
70¢=N
Apnis |04u00-asen)

(Looo>d
Ile :OA %S£752434 pue
‘tAT4 ‘OAH uesw paonpal
Apueonubis) sdnoub
U10g UeY} UOIONIISqO
Aemule aiow pey qdg
yum sase) "IA ; abe je
palenens asem sjuedioiued
‘obe
Jooyos 1e sisisiad adg
UYHMm saseo ul uonounisAp
Areuowind [eojulogng
's109[gns |0J3u0D
payojew-abe 0} pasedwod
ON %06 ¥e 43N pesesiosp
PUB DA JO %5475
paseaosp pue *A34

w9} alem (g =u)
s109[gns |0J3u0)
‘adg noyum ‘wisiesd
(eI =u) pue adg yum
(21 =u) sdnoib omy oui
J|ds a1em (yg = u) sesen
9€=N
Apnis |oauoo-asen
‘(AleAnoadsal
‘G8"0 pue 890 =) abe
JO oW $g 18 OY{XBWA
3y} YIMm uoie[8i00
aAlysod jueoiyubis e
pamoys yioq pue

"Aoueyul 1e adg

2J9A8S 0] 9]1BJopoW YUM

pasoubelp Ajsnoiraid
‘uaJp|iyo 81 4O G| Ul [euiou alam syuedioiped |y
uey} Jamoj alem abe [ooyos 8L=N
Je %94792434 pue 'A34  Apnis poyod [euipnybuo
‘adg yum
asoy} Buowe Ajeroadsa
‘PooypIIyd s|ppIw
oqul isisiad Aypigiow
Aiojesidsal pasealoul
pue uolouny Bun|
pasiedw ‘yuig wasyeid
Ajpwalixs Jayy 's1oalgns
|043u09 Ueyl (100
>d ‘%EL "SA Gg) BWUYISE
pey seseod Auew Se 90IM |
's109[gns |0J41U0D uey}
swoldwAs Aiojesidsal
pue saljwioep
1S90 8J0W pamoys
sase) ‘adg pesoubelp
Joud pey sesed

SjueUl UIOQg-LLLIS)
Auyyesy aiom (19| =u)
s109lgns |013u0)D
‘ainjewsa.d Apwalixe
6¢| 40 |B10} Y "s109lgns uiog aJem (gg| = u) sesen
|0J1U0D pue sased Yjoq ere=N
ul paurelqo sem Ajowoldids  Apnis pOYo9/|0Ju0d—-ase)

sBuipuiq 9z|g a|dwes

pue ubisaqg Apnis

4O XM 9¢ puoAaq Jo je uyioq

Jo} peau Se paulep sem adg

‘abe [euondeasuooisod ym
G¢ 1e uabAxo [euswsiddns uJog UdJp|Iyd JO HOYod
uo aouspuadsp [euoiBaJ e Jo awooNo

Se paulep sem gdg Aeuowind wiel-Buo| ssessy

wJsle.d

‘sydeJbolpe. }3sayo
uo sbBuipulj o160j0IpE.
pue [eoluljo onisoubelp
pue abe euondasuoolsod
adg yum
ualp|iyo pabe-jooyas jo
S8W02IN0 yijeay
ay} ayebisenu|

Jo ‘Aouspuadap Joje|ijuan
‘uabAxo [euswsiddns

yuiq 1e gdg aienss
/9Yelapow WO} PaIsyns
oym asoy} jo abe |ooyos
1e pue Aoueyul Buunp
paulelqo sjuswaINsesw
uonouny Bun| uo

ejep [euipnybuol ureiqo o)

"8)l| JO p 82 1e ddouspuadap
uabAxo pue ‘saijiewlouqe
ydeiboipes 1seyo ‘ssalisip
Aiojesidsal jo subis

[eolulo se paulep sem adg

‘(abe |eyeursod
+ obe |euonelsab)
VINd XM 9€ 18 uabAxo wuslald Apwaiixe
|euawalddns Buinieoal uiog uaipjiyo ul JA || e
se pauysp sem gdg Aupiquiow Aiojesidsal ssessy

uoniuyeQg Swo9NO aAnoslqo Apms

MOA MON
‘asnoelAg

‘(ze) (8661)
‘e 18 sSsoi5)

BWOYEPIO

‘(82) (2661)
‘[e 18 elooeln)

Arey

‘(ev) (€002)
‘[e 1@ suoddiji4

pueal|
pue wopbury
psuun
‘(99) (0102)
‘e 10 ayme

uoneso ‘Apms

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

142



(panupuog)

‘auoe
Anyewsa.d ueyy ebe Joje| e
1e uonouny Areuownd
[ewiouge Jo JueulLISIOP
juepodwi aiow & 8q

Aew eseasip Bun| [eyeuosy

"ddg 104 BLSIIO BY} 18W

L€ 40 1IN0 Og YA |-/ ebe
1B paulwexa ajem ualp|iyo
uloq Ajpiniewsud suo-Auiy |

‘(s108lgns |041u09)
¢661—1661 Ul UI0g SYoYyoo
snhoinaid 03 pasedwod

puB /66 Ul Ulog SJaMm sase))

add
yum susiied jo dnoub |ews

sjuswiwon

"o4l] J0 JA g 18y Bunnp
Aupigiow Aiojesdsal
Jaybiy pey dnoib adg
‘SjusWaINseaw ouwollds
Ul S2ouaJIaiIp Jueoiubis
ou aJem alay} Ing ‘dnoub
|0JIUOD WLB}-|[N} By} UBy}
A4 JebJe| pue aoueNpUOd
Aemure oiy10ads Jamo| pey

‘Yuiq
1e wJa} [|ny 4om (g =U)
s109[gns |0J1u0)

adg uim uaipjiy) ‘add ou "wieield
1INQ uswieal; Aojelidsal |le a19Mm (g = U) sase)
|ereuosu pey g pue ¢/=N

adg pey 01 ‘sesed ayl JO Apnis |oauoo-asen
"adg oYUM Jo yum uueyead
wiog ase oym uaip|iyo
ul isisiad sAkemje sanssih Bun|
ul sebBueyo [IN}oNS "sased
pue s}oslgns [0J3U0o Yjog Ul
Jejiwis ajem ydesbowsAyoid
Apog B yum painsesw
sawinjoA sef ojoeioy ]
"S8SEO (Jdg-Uou pue adg
Y1og Ul Sejes MOJ} paonpai
pajesisuowsp Answoinds
‘adg yum pssoubelp

8JaM 9,G9 ‘saseo aul JO
's109[gns |0Jju02
yum pasedwoo uonouny
Bun| rewsouge Ajpueoyiubis
pey saseo “JA g abe 1y ‘adg
8AEBY JOU PIp OYM 8SOL} UM
pasedwod %SLS¢ 34 pue
*A34 8y1 yiog u suoponpal
eoubis pey pouad
ulogmeu eyl Ul adg pey
OUM UBIP[IYD ‘SaseD UIYNIAA
'¢661—166} Ul ulog spoyoo

snoinald ypum pasedwod papnjoul (L0g = u) sesen

pue JA g e painsesw 00V =N

sem uopouny Aojesdsey  Apnis pOY09/|0Ju00-ase)
‘abe |ooyos e adg 1noyum
pue yum sjusijed usemiaq
uonouny Bun| ur seoualayip
Weoliubls ou ‘|lesenO
‘ddd Ou JO %9'G| ul pue
adg 10 %G1 ul uoionisqo
Aemure pamoys sisa}
uopouny BunT *adg noyum
sjusiied Jo 9%9°9g pue
adg u¥m syusied Jo %50

Ul paniasqo sem Adoyy

uJoqg wJa} pue abe Joy

payorew alem (g =u)
s1098[gns |0Ju0D

6 062 > yblom

yuig yum aunjews.d
alom (L. =u) sesen
L1G=N

Apnjs |0J3u00-asBD
anoadsolay

syuiq

wJe} papn|oul (661 = u)
s309(gns |043u0)

syuiq wusyaud

Ajpwaiixaiybiom

yuig moj Ajpwaiixa

(r9=u) aqg
noyyum pue (gl =u) adg
o3ul Jids poyo? ‘wusieid

alam syuedioiued |y
L.=N
Apnis poyon

sBuipuiq 9z|g a|dwes

pue ubisaqg Apnis

‘Aei-x 1s8yd uo sabueyd
oluoIyo AQ pue p gg< Jo}
uabAxo Arejuswsa|ddns oy

paau 8y} Se paulep sem 0dg
‘ow | 1e Aes-x
1Seyo ul sebueyo oluoIyo
pue ‘ow | abe puokeq
uabAxo Aejusws|ddns
Jo} Juswalinbal ‘p gg
uey} aiow Bunisisiad
oseas|p Alojelidsal olU0IYD
Jo subis [eoulo ‘p g
JO WINWIUIW B JO} pue a4l JO
oom 1s41) BulNp uoIle|ijuUsA
ainssaid aAlusod
JUS1IWISIUI JO) JUBWBINbaI
:SMOJ|0} SB aJoM BUBIIO Adg

'VINd

MM 9g 1B Juswalinbai

uabAxo ue yum ssaisip

Aojeaidsal o subis
[eoluljo se pauyep sem Adg

obe [euoljeiseb Jo Ym gg

1e usbAxo Aeuswse|ddns
uo 8duspuadsp uo

paseq pasoubelp sem gdg

uoueg swooINQ

welaid
uioq uaJp|iyo pabe-jooyos
ul Aypigiow Aiojesidsal pue
uonouny Areuowind ainsesiy

pooypjiyo ur snssi
Bun| jo seipadoud Buisnyip
8yl s108jje add yoiym

0} 1U81Xd 8yl sulwIBeq

s108[gns |041U0D WS} pue
yBlem yuiq [ewiou ueyy
9SJIOM SuUlBWSI UBIP|IYD
wuslaud Ajpwaiixs Jo
ybrem yuig moj Ajpwaiixa
ul JA g abe 1e uonouny
Aojeaidsal j1 sulwsldp 0]

10U pip oym esoyi 01 add

pey oym asoy} asedwoo

0} pue MGA 2Jom

oym ualp|iyo pabe-jooyos

ul Adoje Jo aousjenaid pue
uonouny Areuownd sessy

aAno9Iqo Apms

puejuiy
‘(81) (0661)
‘[e 18 uaulnyeH

puejui
‘(g2) (966 1)
‘[e 18 uaulnyeH

eleisny

‘(S2) (€102)
‘e 1o BupjoeH

[ebnuod
‘(69) (1102

‘Je }8 seeJeWING

uoneso ‘Apms

(penunuog) -} a|qeL

143

Pulmonary Perspective



(panunuoy)

A 01-6
1e painseawl sem awod1nNQ

A 0| jo obe uesw e je
auop sem dn moj|04 "W}
aJom s109[gns |0J1u0D pue

adg/uwieiaid alem sase)

‘abe Jo JA 9

pue ow Qg }e dn pamoj|o}

2J9M GEE | Ul uoneisab
MM GZ= 1e uioq sjuedioiped

*Apnis 1o} palepisuod

8IeM G86L—-2861 Usamiaq

uloq saiqeg "wusaid

se pauep sem 6 000°L

= Jyblem yuig 10 HM gz
Jo abe |euoielsan

sjuswiwon

“1aybiy
Ajpueopiubis sem yoiym
‘o4 AY3 JO uonldaoxs
ayl yum ‘syosalgns |0J1u00
w91 yum pasedwod
sdnoJb pajejijuan
y1oq ul Jamoj Ajpueoyiubis
alom siooweled
paieblisanul ||y punoy
alem Qdg noyum
pue yum sjuejul wiaaud
u| sie1oweled ollowodlds
a8y} Usamlaq saoualalIp

yueoyubis A|jeolsiyeis oN
‘PooypIIyo-piw
1e Buibeinoous sem
awoono Areuowind
(L00°0 > d) syoelgns
|0)3U0D U} JO %E L
yum pasedwod JA g > obe
1e pazeaym sjoslgns
wuslaud ayy jo jusdsad
AIXIS "918J9pOW BIOM

/ ‘Pl a1om |z :sesed adg
‘yyeay Aiojesidsal
Jood jo sousjenaid
Jaybiy Ajpusisisuod pey
INQ SO1BWISSE|D JI9Y} WO}
jualeylp Ajueoniubis
10U 2J9Mm (09 =U)
ddg noyum usip|iyo
Inoylm esoyy ul ueyi
ddg yim usJpjiyo ul
JA 9 pue ow Qg 1e seraid
2JOW dJ9M 8sn uonedIpaw
pue swoydwAs Alojelidsay
A 9 01 pamo||o}

JaM USIP|IYD 9¢¢ 40 [e101
‘ddd jo
Aoysiy yum sposfgns ur s/w
08S Aq paonpas sem A34
‘'suue}aId Ul pasealosp alom
A3J4 pue 43d "seseo Buowe
jusrenald aiow Apueoiubis
SeM Jajeyul BLIY)SE JO
asn Jo ewyjSe Jo sisoubeiq
‘adg yum pssoubelp

aJom 9g ‘seseo aul JO

sbuipuly

"SJUBJUl UJOQ-WLIS}
aJam (06 = U) |0Uu0D
wisaud |le (adg)
02/(Qdg ou) 8¢ =u sese)
8L =N
Apnis [01u00-ase)

‘wia} alem (gg =u)
s109[gns |0J1u0)
VEIEY ]
|le a19m (£G = U) sase)
9/=N
Apnis [01u00-8se)

‘wareid
2JoM papN|oul sjuelUl ||V
80€=N
Apnis Loyoo aAnosdsold

‘Yuiq 1e

Wi~y |[e a1om (9¢ = U)
sjo08lgns |04u0D

‘syuIq wuseid
|le a19m (9f = U) sese)
¢6=N
Apnis |04u00-ase)

9z|g a|dwes
pue ubisaqg Apnis

pue (pjiw) p [ereuisod gg=

‘'sAei-x 18940

ul sbuipuly oiydesboipe.
pue p g¢ ises je Jo}
uabAxo [eyuswa|ddns oy

S9]BUOSBU WIS} WO} JOlIP
ddg noyum/yim sjuejul
aJnjewsaid JO SBWN|OA
Bun| pue Aewolids

paau 8y} Se pauep sem adg pabe-|0oyos Jsyieym ssessy

M 9€ JO

abe [euoieiseb psjoaliod e
1e uswalinbal uabAxo Ag

papeib Alianss pue p gz

1e uonejuswae|ddns

usbAxo Buuinbai asessip
Bun| se paulep sem adg

SN
ainjewsaud Ajpwalixe

JOo swoono Areuownd

wiel-Buo| sy sulwleleq

"VINd M 9 K9
1e uabAxo |eyusws|ddns 1SJ1l} JBAO POYO0D 8InD|d3
palinbai Buinieoa. SU} Ul SI0JOB} S pue

Se paulep sem adg Aupigiow Asojesidsas Apjusp)

"VINd (e19n98) M 9g=

poouyynpe Buiyoeoidde
swaiaid BunoA jo pyoyoo e
ul snjejs uonouny Bun| pue

18 uabAxo [eyuswe|ddns
Jo} swalinbai 01

Buipioooe paulep sem adg Yiesy Alojesdsal suiwieleq

uoniuyeQg Swo9NO aAnoslqo Apms

puejod
‘(29) (c102)
‘[e 19 fejauoy

|oeIs|

‘(¢9) (2102
‘e 18 ue|dey

wopbury|

pauun

‘uopuo

‘(<) (8002)
‘Je 1@ AsseuusH

AemioN

‘(7¥) (#002)
‘[e 18 ussIoAleH

uoneso ‘Apms

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

144



(penupuog)

JA g|1-g sjuaied

ul s1s8} uonouny Areuowind

uo OA4 pue *A34

pue ‘Aejep |ejuswdoljorsp

Jo 9ouasald ‘8| JO JA g 1sdl}

Ul suoissiwpeal [eudsoy

:ad4g jo Ayienss [eniul

‘pasn alom spJooal [eldsoH
"SIOAIAINS Adg META
ul ebe |0oyos Ag asealosp
0} swass AjAloe
Aroyewweyul syl *(850°0
=d) ewyise papodal
ddg hoyum usipjiyo
(%11) ¢ pue adgpe.
YHm uaip|iyo (%52)
9Al{ "painseaw sioxiew
Alojyewiwepul oy} jo Aue
u1 sdnoub sy} usamiaq
sooUBJaLIP JUBDIIUBIS OU
alom alay] ‘adgpe’ yim
uaJIp(iyd MaA Jewlioy

alom sased auo-Ajuam|
“usip|iyo MaIA
JO awo9oino Asojesidsal
3y} 109}k 0} Jeadde
$J0}0B} [BJUSWIUOIIAUS
Jale| pue ‘Alpiglow
Alojesidsal |ejeuosu
“qybBlem yuig "eouelsisal
Aemuie Jaybiy pue
‘OTLIAY $0 ones saybly
‘tA34 Jomo| pey sesed
adg oy} ‘sioslgns |0Jiu00
yum pasedwo) "Aoueyul
‘obe Jo JA g— 1B ddg yum pasoubelp

1e painseall SeM SWOOINO 9JOM SBSBD JOo Jusdiad Apl4
"'Sased (qdg-uou
pue gqdg usamiaq
Jalip Ajueoiubis jou
pip Aupigiow Aloyesdsey
's109[gns |0Ju00
wua} ueyy Ajpusnbauy
2JOW S$8SIN0D 2l10IgIIue
papasu pue suoljoaUI
Aojesidsal palayns
adg uum uaippiy) “Aoueyul
e adg yum pesoubelp

alam saseod xis-Auiy

‘alreuuonsanb eyuased

pue spiooai jusijed

U10g WOJ} pauIeIqo aiom

elep punoiboeg -ebe jo JA
¥1-9 1e painsesw sawoon0

A g-¢

pabe uaip|iyo jo

sjualed 0} passisiuilpe
sem aJleuuol}senp

[STEITT1TeTo} sBuipuiq

‘adg yim
wiueleld a1em papnioul |

¢ce=N

UHM paleloosse sswooinQ Apnis Hoyoo aAoadsosey pesu 8y Se paulsp sem adg

‘ulog widl dljeuwlyiseuou
aJam (B =U)
s109(gns |04u0D
VEIE ]
|le a1om (O = u) sese)
69=N
Apnis |oJjuoo-ase)

‘udo0g WId) aIAM (€ = U)
s109[gns |013u0D

‘sjuejul wuslaud
aJam (g9 = U) sasen
¢0L=N
Apnis |osuoo-asen

‘ulog wua} aJem (Lg| =u)
syo08(gns |04u0D)

‘wuelald
Jle a1am (E7| = U) sese)
¥.2=N
Apnis |04u00-ase)

9z|g a|dwes
pue ubisaqg Apnis

adg Aq psyeod)dwod yuiq
wusiaud yum sjenplaipul
1O S8Wo0921N0 8y} aquosaq

‘P 8¢ 1se9| e Jo}
uabAxo [ejuswa|ddns oy

-obe [euolje)seb

P8108.1100 YM-9g

1e uoleluawsalddns usbAxo

JO} paau pue sAel-X 1s8yo

ul sbuipuly oiydesboipes Aq
paulep sem sisoubeip adg

abe |ooyos je sIoAInNS

adg MaTA ul lie psjeyxs

pue ewseld ul AjIAlzoe
Alojewiwe|jul oy} 81eneny

‘ddq Jo
[eoidAy sbuipuiy Aei-x 1seyo
pue uabAxo [ejuswelddns
Jo Jswaiinbal ay}

aJom eudIO sisoubelp dg

adg mnoyum

pue yum uaJp|iyojooyos

MEGTA Ul BIS JUBIOBUNS BU)

Buunp siojoipaid sy pue
aWwooINo Alojesidsal ssessy

‘sAel-x 1s9Yd Ul
sBuipuly [eoibojoipe. [eoidA}
pue uonejuswsa|ddns Aupigiow
uabAxo Joy pasu Aioresdsal uo pAgIA pue
8y} se pauyep sem adgd  Add Jo 1oedwl 8y} elenjen]

uoniuyeQg Swo9NO aAnoslqo Apms

epeue)

‘0agenp

‘(09) (1102)
‘e 1@ Apue

puejuiy
‘02) (¥+02)
‘[e 18 usuoyloy

puejuiq
‘(gv) (y002)
‘[e 18 usuoyloy

puejui
‘(2¢) (6661)
‘[e 18 usuoyJoy|

uoneso ‘Apms

(penunuog) -} a|qeL

145

Pulmonary Perspective



(penupuog)

'€.61-7961 UseMIaq uioq
synpe Buno//sjusosejope
Ul painsesw swoonQ

A 6—9 obe je pue salpnis
9sl0Jaxd [|lwpeas} Buisn
painseall a19m SaWooIN0

‘obe |jooyos
Je painsesaw sem swooINO

‘pawiopad
aJom s3sd} uonouny Bun| uno4

sjuswiwon

‘uonouNysAp
Areuownd jo saibap
awos aney Aoueyul ul ddgd
pey oym synpe BunoA pue
SJUSOSO|OPE. 1SO|\ "OSessIp
Aemure anjjoea) pey sesed
JO 942G ‘uononisqo Aemure
paXi} pey s8sed JO %{e
‘uononiisgo Aevure pey
sase9 Jo 1usalad 1ybie-AxIS
‘adq
PAAIAINS OYM UBJP|IYD Ul
paonpaJ s| 9s|0Joxa 91nde
Bunnp pue 1sai je Jajsuely
seb a|gn|og ‘esealoul pip
Jajsuedy eHeH ‘esloioxe
UHM ‘s109[gns |043u09d
pue gdg 1noyum sased
uey} dnoib gdg ul Jamoj
SEM BaJe 89eJIns Apoq 10}
91004409 J8jsuel} CHCH
‘adg yum pesoubelp
alom sased Jo juaosad Ayl
‘uaJp|iyo oidole
ul Ajuo ng ©Na4 pue yHY
usamiaq diysuoliejal e
S| 848y} UaJp|Iyd
MEA U] 's|ens| ONag
uo 10844 ou pey add
40 KI03SIH "HHY paseaJoul
Ajpueoniubis ing uonouny
Bun| paniasaid-||om
pey usipiiydo MaiA
‘adg
oYM uaip|iyd wisleud
uey} uojpouny Bun|
asJom pey gdg yim abe
Jeuoljelsab ym ggs ulog
ualip|iyn "s109lgns |04u0d
pue qdg ihoyum wJsiaud
uloq uaJp|iyo yum
paJjedwoo %S4-S¢434
pue FA34 peonpal
pue ‘eouejoeal pue
aouejsisal Aiojeusidsal
paseaJoul pey adg
YHMm uaipiyd ‘adg yim
pasoubelp a1em saseo Jo

juaoJad 9a4y3-AIXIS

sbuipuly

w9} aJem (£G =U)
syo8lgns |04u0)
‘welald
|le a19Mm (gG = u) sese)
G0L=N
Apnis |04ju00-ase)

‘wJia} asem (O =u)
s109[gns |043u0)
UEIEY ]
|le a19m (0g = U) sese)
0€=N
Apnis |oJjuoo-ase)

w9} alem (g =u)
s309(gns |043u0)
‘weleid
alaMm (B = U) sese)
/9=N
Apnis |04u00-ase)

‘uJog WId) aIdM (L€ =U)
syo08lgns |04u0D

‘wuelald
aJaMm (8 = u) sase)
lCL=N
Apnis |04u00-ase)

9z|g a|dwes
pue ubisaqg Apnis

‘abe Jo M
1e uoleluswalddns usbAxo
puUE UOIB|IIUSA [eOluByOaW

panlgoal Buirey se
pauljep sem sisoubelp adg

obe |ejeuisod JO M p=
18 uabAxo [eyuswalddns
uo @ouspuadap pue
‘adg Yim jusisisuod
sainjes} olydeiboipel
‘uole|iluaA [eolueyosw
01 ainsodxs ‘ssalsip
Aiojesidsal [ejeuosu jo

Aioisiy papnjoul BUSIO Adg U0 Add 4O 198449 8} 8jenjen]

(m og > obe [euoneiseb

Jdo/pue 600G > 1yblom
yuiq) Apinyewsid
uioq :sjuejul MGIA

‘'sAel-x 1s9yo

ur sbuipuly olydesboipe.

pue p 8¢ 1ses) je Jo}

uabAxo [ejuswa|ddns oy
paau sy} Se pauysp sem add

uoueg swooINQ

adg
UHM SJUBJUI JO} SBLIODINO

wiel-Buo| sulwieleq

uaJp|iyo pabe-jooyos
Ul Bale a0epNS Jej0dAE

MA1A
yuMm ualpjiyo pebe-jooyos
UM ON Pa[eyxe [euonoesy

pue HHY usamiaq

uoneloosse 8y} a1ebiiseAu]

MM ges 1B ulog ualp|iyo
Ul se|qelen [ejeuosu
yum uonouny Aiojesidseal

pooypijiyd-piw siejey

aAno9Iqo Apms

S91ELS pPajuN
‘(61) (0661)
‘[e 1@ AemyuoN

S9je1s pajun
‘(ve) (8661)
‘e 18 1IBYoHIN

puejui

‘DuisieH

‘(6€) (0002)
‘e 1@ Blaquiely

elfelisny

‘(€9) (2102
‘e 18 a1bo

uoneso ‘Apms

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

146



(panupuog)

'Soseo 0} payolew 1yblay

alam s309[gns |0Ju0D

‘abe Jo JA g—G usamiaq
painsesw sem dn mojjo4

‘obe

10 JA $1-8 18 painseaw

Sem awoonQ ‘[eudsoy
QU0 wWoJ} usye} s|dwes

‘Pooypiiyd

9Je| Ul painseaw

SEM BWO2INQ "WJd}

Je ulog InNg SoNsL8}oERYD
awes Jo sem dnoib |osu0)

‘BpRUBD Ul S8)eJ pue Sajel
plom 01 pasedwod alem
BWUYISE JO sajey 'p|o JA
01—8 aJam s3}99[gns |04U0D

pue p|o JA g aiam sase)

sjuswiwon

‘suoleyiwl]

moy} Aloresdsul
jueoyIubIs ajelisuowap
adg yum usipjiyd sy
pue ‘ewyise yim uaipjiyo
payolew-abe wo.y
juaJayip sI abe jo JA g
Jaye oijewoldwAs ||13s aJe
oym adg uim usipjiyo

"elwyise yum

pasoubelp aiam (gg =u)
s109lgns |013u0)D

‘adg yum pesoubelp
QJoM (]| = u) sesen
gr=N

Apnis

J0 uonouny Areuowng 8Aloedsolle) |0JJU0O—aSB)

(100>d)
wis} ||n} ¥ uioq dnoub
|0J1u00 8y} ul uey; sdnoib
wuslaid yjog Ul Jemoj
Apueoyiubis a1em sanjea
ouewoulds ||y "dnoib
adg-uou ueyy dnoub
adg ui Jjamo| Apueoyiubis
asom (DA4/MA3H
1deox®) senjen ouewoldg
‘adg yum pasoubelp atom
s9se? JO Jusdiad auo-Apo4
"uolonIIsqo
Aemuie jo saibap
Jop|iw e AQ pamoj|o}
8q Aew gdg noyym
Aunjewsald @oueis|ojul
as10JoXd Jo 9albap pliw e
pue uoponiisqo Aemire
wusl-Bbuo| Ag pamo|o}
aJe gdg pue Auinjewsaid
‘adg Ul Jemoj| alem DAL
/*A\34 pue A3 ‘ouE)sIsal
Bun| jejo1 Joybiy
Apueoubis pey dnoub gdg
‘obe Jo p Ge-Gz 18
adg yum uaip|iyo buowe
JA g obe 18 swoirdwAs
Buizeaym u| osessosp
Jljewelp B Sem aIay}
‘gidwres siy} u| ‘ow g|
snoinaid sy} ul Buizesym Jo
aAloIpaId aiem snsolaue
snjonp jusied pue
‘ployasnoy ay} ui Bupjows
‘ewyise jo Moisiy Ajiwey
‘adg "adg yum pesoubelp

alom s8sed OM]-ApIy ]

sbuipuly

"wia} aJem (gg =u)
sy09(gns |043u0D
UEIEY]
|le a19m (pg = U) sese)
lS=N
Apnis |oJjuoo-ase)

"adg eAey jou pip (6 =U)
sjo08lgns |04u0D

"adg yum pesoubelp
aJoMm (G| =u) sesen

‘wualaid alam papn|oul
sjuaned ||V ¥Z2=N
Apnis |0Ju0o0-asen

‘wis} aJem (G| =u)
syo8lgns |04u0D
MAIA
|le a1am (8¢ = U) sese)
805 =N
Apnis |04ju00-ase)

9z|g a|dwes
pue ubisaqg Apnis

‘P 82 1e sjuswalinbal
uabAxo [eyuswsaiddns
puUE ‘uolie|llUsA [eoluByOaW
jo Aoisiy ‘yuiq ye Buiyise pue
NM Gg> Jo abe |euonelsab adsg yum uaipjiyo Jo sise}
aJam euLIO sisoubelip adg uonouny Areuowind asedwo)

ddq jo

$8L0}SIY INOYNIM pue Yyum

uaJip|iyo uloq Ajpinyewsid

ul sseuanisuodsal pue
Ajigel| [elyouoiq eenjens

M Jeuondaouooisod

9¢ Jo abe ay} 1e

1uspuadap usbAxo |is
Buiag sem Qdg J0 uouaID

‘obe [ejeujsod p-gg €
e saljljewloudge uoisus)
seb poo|q pue ‘oibojoipe.
‘leoiuljo ueoyiubis pue
8yl J0 M g 181 BYL Buunp
sannoip Aloyesidsal

Se paulep sem ddg

adg mnoyum

pue yum siuejul ainyewsid

10 uonouny Areuowind
wJal-6uo| ayenjens

uaJpliyo wiog-pgriA o
swoldwAs Aojesdsal Joy

$J010B} YSlI SS8ssyY

‘6 005} = yBlam
se pauyep sem MgIA

uoniuyeQg Swo9NO aAnoslqo Apms

s8jelS pajuN
‘(ge) (8661)
‘e je 1ybepes

puejuiy

‘DuisieH

‘(62) (2661)
‘[e 18 uauoy||ad

aouel ‘sled

‘(z2) (s661)
‘e 18 jesed

SeJels pauuN
‘(ev) (Lo02)
‘e 18 eyjed

uoneso ‘Apms

(penunuog) -} a|qeL

147

Pulmonary Perspective



(penupuog)

"6 005 1-000° | bBlem yuiq
Jayio ay1 pue 6 000‘| >
wbrem yuiqg jo

auo ‘sdnoib aseo om|

"aJreuuofisanb
AQ palenjens
sem AIoisiy [BoIpa|N

‘Aunioe eaisAyd
pue ‘brem ‘Wbiey
‘obe 1o} payojew aiom
S9SBO pue S}09(qNs |0J3U0D
“JA Z1—9 pabe uaip|iyo

Ul paInsesw 8Jom SaWooIN0

sjuswiwon

*SIOAIAINS
adg ui passunououd 1sow
SEeM U01}0NJ1Sqo ‘s3oalgns
|0J43U0D Yyum pasedwod
S0¢-pPiW Jioyy ul
suoloNJ3sqo Aemile aney
01 psnuiluod MGTA 40
SIOAIAINS "HOYO0D MG
3yl ulyum ‘adg noyum
asoyl yum pasedwod
MOJJIE U] SUOI}ONpaJ pey
ddg yum asoy] ‘syoelgns
|0J1u02 yum pasedwod
MOJJIB Ul suoj}onpal
jueoyubis pey
6 1051 > wbrem yuiq
yum sdnoub yjog -Aoueyul (sisAleueqns)
18 adg yim pasoubelp Apnis |oju00-ased
alam saseod Jnoj-Aluam]  /Apnis poyod [euipnibuo]

‘w8l atem (0g =u)
sy09(gns |04u0D)
‘MAIA
|le a19m (/8 =U) sese)

‘ddg mnoyum
uaJp|iyd uioqg-wisiaid
yum pasedwod abe jooyos
1e ‘swoidwAs Aojesdsal
pue uoloniIsqo Aemire
se yons ‘saljijewlouqge
uolouny Bun| aney
0} A1) @1ow Apueoiyiubis
aJe gdg jo Moisiy e

UNM UBJp[Iyd ulog-wisiaid
‘Aloedeo oiqolee
paonpaJ pue asl10Jaxa
0} asuodsal Aloje|ijusa
ul seouequnisip Bupjuls jo
9oUdpING MOYS 0dg
JO sloAInNs pabe-jooyos
onewoldwAsy
Jamod oiqoise
paosnpai o aAleoIpul
1s91 B pawlopad sase)
's108[gns |0J1U0D yum
pasedwod sased Buowe
Jamo| Ajpueoiiubls aiom

%82-5¢434 pue *A3d ‘ONd

‘adg ihoyym

wuslald aiem (gg = u)
s109[gns |013u0)

"adg yum wisyeid
aJaMm (gg = U) sesen
9G=N
Apnis |04u00-ase)

‘wJa} aJem (9| =u)
s108[gns |0J3u0)
"add jo Aojsiy e
pey (g1 = u) sese)
8¢=N
Apnis |04ju00-ase)

sBuipuiq 9z|g a|dwes

pue ubisaqg Apnis

"obe jo p gz puoheq adg
¥ 1o ¢ abeys Jo sebueyo
Aei-X 1590 2ISSE|O YUM

p 82 puoAaq Aouspuadsp

uabAxo pue ssalisip
Aojesdsal Jo subis yum

adg noyum asouyy

yHm pasedwod adg pey
oym 8soy} Ul pue syoslgns
[043U00 1yBlem yuiq [ewlou
yum pesedwod SIOAIANS

MEIA O pooyynpe ul

Sjuejul SE paulep SeM Odg Eelep uonouny Bun| podal o)

‘obe

|euoneiseb ym 9¢ puoheq
uabAxo [eyuswalddns

10 uoljesisiuiwpe

elelsny

‘92) (v102)
‘e 38 uosqIn

(poouNpPE) JA g1 UBy} JOP|O paINsSESW SBWO02IN0

adg mnoypm
PUE YUM USIPIYO META
C\_OQ|E‘_®“_.®‘_Q ul swodno

Se paulep sem qdg Aseuowind wiel-Buo| ssessy

(L) e

AemypoN Aq paquosap

se Qdg 1o euso
Buuniesy sy} pamoys

8JI| 4O yuouwl 1811y 83 JO pue
ay} 1e sydeiboipel 1sayn
(18) ‘e }o Lefeoueg jo
Beuao 8y} 0] Buipioooe

adg PaAIAINS OYM UaJp|iyd
pabe-jooyos Jo uonouny

opew sem Qdg Jo sisoubelq Ateuownd wis}-Buo| ssessy

uoueg swooINQ

aAno9Iqo Apms

Auewusn)
‘Bizdie]
‘(12) (7102)

‘e 18 8AOH WOA

Arey

‘(e2) (s661)
‘e 3@ znjues

uoneso ‘Apms

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

148



(penupuog)

‘adOO yim

sjuaied 0} Jejiwis as|0loxa

01 suonenw Aiojelidsal

aney wusyaid Ajpwaiixe

10 AaA uloq synpy

‘uoneywi| moyi Aoyesidxe

ul S@ouaJByIp audsep pue

adg Aq pe1eoldwod sem

Yuiqg Jieyi 10U Jo Jsyieym

‘wiaraid Ajpwaiixe

Jo AaA uiog synpe ul

90URJ9|0] BSIDIOXS Paonpal

0} pes| Aew uoisuedxa

'9S10J9Xd Joye pue 81049q LA\ UO S}UIBJ}SUOD [BOI}O
sjuaiied ||e UO spew aJjem  YUM PaJBIOOSSE LOJWOISIP

sjuaswainseaw AJoje|iusp Bo| pue eaudsAp aianeg

"S9SED ||B U] PaAISSqO

sem Buiddeuy Jiy "DA J0

%0G ¥e 43\ pue *A34 ul

sasealoap AQ palsajiuew

sem ‘sosed 4o (G/¥) %08

ul Jussaid ‘uoioniisqo

Aemury -Buiddesy e

pue uoljoniisqo Aemiie Jo

pa1SISU0D saljljewouge

uolouny Aseuowind

"xos pue abe ‘adg yum siuaized

10} paydyew a1em s3oafgns aAl} |[e ul Juasaid asem
|04)UOD "OWOIPUAS SSaJISIP pue 19 uo sBuipuy urew
Aojesdsal Ag pepeoaid a8y} aiem uolienuajie Bun|

usaq peYy (dg ‘seseo |e U]  peonpaJ JO Seale [eo0}N|A

(l00>d
|le) s1oslgns |04ju0D
pue sased gdg-uou

84} Y109 ueyl DAS 0

%S.752 494 pue A3 Jemoj

Apueoyiubis pey synpe

adg "s109lgns |043u09 uey}

uoledIpPaW BWYISE asn

0] Aj9yI| 810w s8I} 981y}

'€661-8.6}  pue 8zseym podai o} Ajex|

UsaM1aq UIOq 8Jom SE 90IM} 8Jom SBSED (Jddg
papn|oul sjusiied ‘|eudsoy ‘adg yum pasoubelp aiom

auUO WoJ} usyel s|dwes  sased Jo solad ybie-Ayi4

[STEITT1TeTo} sBuipuiq

"wJs} Je ulog a1em og=u
‘add
noyum G| pue gdg yim
02 ‘wJsyaud atem Gge=u
GG=N
Apnis poyon

"SJUBJUI UJOQ-WLIS} SJ9M
(01 = u) syoslgns josu0DH
"adg yum pesoubelp
aJaMm (G =u) sasen
SL=N
|0J3U0D—-8SED
aA0adsolley

‘WIS UIog dJam

(g6 = u) syoslgns jou0D
‘wuslaid uioq

|le a19Mm (96 = U) Sese)

LSLE=N

Apnis |04u00-asen)

9z|g a|dwes
pue ubisaqg Apnis

‘P 8g< 4o} Adesay}
uabAxo [euswsiddns jo
asn ay} Aq paulep sem 0dg Inpe ey siseyiodAy ayy 1se | ‘le 3o Buueno]

Yuigq Mo| pue uolie|jush
[eoluByOBW JUSMIBPUN
sjuaied :eusuo Buimolo}
ay} Buisn pazusioeleyd
SeM Qdg ‘Pooyinpe

0} paAIAINS oym ddg yum
sjuaijed Jo spiodal [eolulo
8y} Buimelnes Ag petusp!

1e sjuawalinbal ualbAxo
0} Buipioooe Ajienss
pue sabueyd oiydesboipe.
pue p |ereulsod gg<
18 uabAxo [eyuswelddns
Jo} swalinbai

8y} se paulsp sem add

uoueg swooINQ

suonejwl|

Aojesidsas ajesisuowsp

Ayoedeo esioloxs psonpal
Uim adg noyum pue yum sejels payun
UHIg Wwisyaid JO SIOAIAINS (22) (7102)

epeue)
Aadg 40 SIoAIANS JNpe O ‘(8¢) (0002)
aJam Apnis siy} Jo} sjusiied seoueseadde | 8y} mainay ‘e 18 BuiimoH
wopbury
pajun
add ‘Isejleg
JO SIOAIAINS JO SBWO02INO “69) (1L02)
Aojesidsal ayebisanu| ‘e 18 ybnon

aAno9Iqo Apms uoneooT ‘Apms

(penunuog) -} a|qeL

149

Pulmonary Perspective



(penupuog)

JA 0z =obe uelps|

‘usbAxo

[ewuswe|ddns padinbai pue

/861 PUeB 086} UsaMISq

uloq alem s108[gng
‘ajdwes Apnis |lews

‘azis 9|dwes |lews "Apnis
yoing (Sdod) uaip|iuo
aby |euole}sar) Joy

|[ewS pue wuelald uo 108foid

‘aJreuuolisenb

SHYD3 aus Buisn ewszos

pue ‘Jans} Aey ‘ewyise

‘Yyealq Jo ssasupoys

‘9ZoayM JO 9oussald
SeJnNsesw 9WooIN0 U\

"Uoyood
puooss 8y} Joj JA Gg pue
8] 1e pue POYoD duo Jo}

JA gL pue Q| 1e passasse
sem uojouny BunT

*SHOYO0D JUSJaiip OM} WOy
panJIoa. ajem sjuedioiped

sjuswiwon

(9%/9) ewasAydwa
pue ‘(9%G9) buiddes
e {(9%06) soloedo
Jeaull ‘(%6) senoedo
Je|nbuewy [einajdgns
8J9M UDIYM JO UOWWOoD
Isow 8y} ‘(%86) 0G Ul
usss alam sbuipul} [ewiouqy
‘ewasAydws Ajgejou 1sow
‘saljjewsouqe Areuow|nd
[e4n}onJ1sS ol1suU8loBIRYD
pue [euonouny
[enpisai yum ya| oq Aew
adg 94ens8s pue djesspowl
JO SIOAIANS }Npe BunoA
‘ddd
INoyIM pue yum suwusiaid
U99M]aQ PUNO} SJoM
sis1oweled 8s1019Xd pue
uolouny Bun| ur seouaIByIP
eolubis oN "adg 4o
SIOAIANS aJam sjuedioiped
0 Jud2Jad suo-Aluam|
‘synpe BunoA uloq
Aj@anyewsaud sy} ul yyeauq
JO SSBUMIOYS pue ‘9zasym
‘ewyise Jo sousjenald
Jaybly e smoys Apnis
‘uonejndod [esauab sy ul
uey} swusleid-xs sjewsy
ul Jaybiy Apueoniubis sem
Buwyise pasoube|p-10100p
JO aousjenald
‘adg padojensp
(%2'8) LL1 Jo [e10) ¥
‘sdno.b
uJog-wie} pue wisiaid
ay1 ul Agejiwuis Bupjoesy
aJoM SB2IPUI UOIOUN}
BunT ‘adg [ereuosu Jaye
JUSPIASG Jsow ‘Yuiq wiusiaid
aWaJIX8 Jaye pooyinpe
01 pooypiiyd-piw
woJy Juasaid sem
uoIoNAISqo Aemuly
"adg yum pesoubelp
9JoM S9SBD 92IU}-AIXIS

sbuipuly

‘adg 40 SIoAInNS
alam syuedioiued |y
lS=N

Apnis poyoo annoadsold

‘adg 10 sJoAInNS
aJam sjuedoiped ||y
Llg=N

Apnis Hoyoo anioadsold

"WiI8) 8Jom gy =u
1yBiam

Yuig Mo| a1em g =u

06=N

Apnis poyoo aAl3oadsold

MM ge< jo abe
[euonelseb e pey ggl =u

MM ges Jo abe
[euonelsab e pey gog=Uu
069=N

Apnis

dn-moj|o} epimuoieu
‘Apn1s poyoo aaoadsold

‘wie) aJem

(29 =u) syo8lgns |osu0D
UEIEN]

|le a19m (€8 = U) sese)
Apnis

|0JJU0O—8SBD/S3IPNIS

poyoo paseq-uonendod

9z|g a|dwes
pue ubisaqg Apnis

VA M 9g Jeye
uabAxo Aeyuswse|ddns  uoneindod e ul gdg a1enes elessny
uo souspuadsap panuiRUoD
pue 6 00G*| > ybBrem
Yuig se pauljep sem add

*Aei-x 1s8Yd 8y}
uo sabueyd oluoIyd Aq pue
p gg< 10} uabAxo o} pesu

ayl Aq paynuspl sem adg S1oeye wiel-buo| suiwisieq

JO p 8¢ Joye juswaiinbai
uabAxo ue pue Ael-x 1s8yo 9SO} U9aM]a] SBoUBJBYIP
[ewJouge ue yum ‘ssalisip

Aojesidsal jo subis

[eOIUO Se paulsp sem 0dg

uoueg swooINQ

VA XM 9g Jale
uabAxo Aejusws|ddns elessny
uo douspuadsp panuuod
pue 6 005 | > 1Blom
yuiq se pauysp sem adg

poouynpe ul add ‘Uued
Jo aejanbas Areuowind ‘(22) (L1L02)
[eanjonJls 8y} 8quossp o] ‘Je 1@ Buopp

SIOAIAINS }NPE JO

pue ajesspow Jo aejenbas ‘yred
Areuowind [einjonuys pue ‘(es) (8002)

[euonouUN} 8y} 8qLOSep 0] ‘e 1@ Buopp
sJoad
Ayyesy yum pasedwod
swJalaid-xa ul Ayoeded
9SI0JOXd pue uoIouUNy spuelsyoN

Bun| uo Aynjewsud Jo 8y} “(0G) (9002)
‘e 38 pueliiup

‘obe Aouejul 18 qdg dojensp
jou pip pue pip oym

‘Ajaanjews.d uloqg synpe spuepayleN
ul swoydwAs Aojeadsas a8yl ‘(8y) (5002)
Jo aousjenald ay} Apnig ‘e 18 1pue|lup

yuig wisyeid
awialIxe Jaye pooyynpe AemioN

'p [ereulsod gz e paiinbai 0} pooyp|Iyo Woly Sa|qereA ‘uebiog
sem uabAxo [ejuswa|ddns
Jl pauyep sem 0dg O Judwdol|onsp Sy} SSaSSY [ 18 JOIES|IOA

uonouny Bun| oujewoulds ‘(89) (€102)

aAno9Iqo Apms uoneooT ‘Apms

(penunuog) -} a|qeL

American Journal of Respiratory and Critical Care Medicine Volume 192 Number 2 | July 15 2015

150



yBlem yuiq moj AeA = MG 044 1B MO} [eullixew = DY-4XewA ‘Ayoedeo Bun| 101 = D71 ‘ddg dlydelboipes aiones

= Qdgpei ‘ewnjoA [enpisal = AY ‘Alinjewsid Jo Ayredounes = 4Oy ‘ebe [enisusisod = Wi ‘0lel SpPo = HO ‘UieaH JO SeINiisu| [BUOEN/AUsWIdo[eAs UBWINH PUe leaH PliyD JO e1nyisy|
[euoneN = HIN/AHOIN Moy Alojelidxs [ewxew = 43| ‘UOISIA8) Yig ‘S8sesasi( JO UOIBOIISSElD [euoneulsiul = 0| ‘Moj} Aojelidxepiw padJoy = %SL7S8434 imoy Alojelidxs pedio) = 434
faun|oA anssal Aojelidxe = AHT ‘AeAINg ylesH Alojedidsey Ayunwwo) ueadoing = SHYOT ‘AydesBowoy paindwod = |9 ‘ainssald Aemie aAlISod SNONURUOD = 4ydD ‘eseasip Areuowind
BAIIONIISO DIUOIYD = QdOD ‘esesasip Bun| d1uolyd = 10 ‘[eAlalul 8ouspiuod = |0 ‘eisejdsAp Areuowindoyouoiq = qdg ‘SsseuanisuodsaiadAy Aemlie = YHY :SUoReIN8Iqqe JO uoiiuyed

A Gg 01 g1 wouy passisiad
Ssaj}i[ewJoude uolouny
Bun| ‘;enamoy ‘sesed

ul Joujw aJem uoiouny
Bun| ul syoyeq syo9lgns

|0JIUOD puUE SeSeo Usamlaq sjoslgns
Je|iwIs a1am uoiouNny ‘w8l [N} UIog aiem |0JIUOD paydlew o}
Bun| ul sebueyn ‘syoslgns (5t = u) syoelgns jou0D sjinpe BunoA uloq wisieud
]0J1U0D Yum pasedwod ‘wielald Ajpwalixe Ajowaiixe Jo Hoyoo

paonpaJ aiem DA4/ATH uJoq aJam (G = Uu) sese) p [eyeuisod gg 1e palinbal yuiq paseqg-uoneindod e AemioN

pue ‘%S276¢434 ‘A3 06=N sem usbAxo |eyusws|ddns  ur uoiouny Bun| pue yyesy ‘(82) (102)

‘saeinsesw Alojelidsal ,sase) Apnis |04u00-asen) JI pauyep sem adg Aiojeaidsal asedwod 0] e 18 J81EES||ON
sjusawwo) sBuipuiq 9z|g a|dwes uoniuyag awodnQ aAnoalqo Apms uoneso ‘Apms

pue ubisaqg Apnis

(penunuog) -} a|qeL

151

Pulmonary Perspective



studies used case—control methods

(26, 30, 33, 46, 51, 61, 64, 65, 74), five
were longitudinal prospective cohort
studies (21, 27, 55, 58, 73), and the
remaining studies used retrospective cohort
designs (26, 31, 40, 47). Overall, it was
found that in the first 5 years of life,
children with a diagnosis of BPD showed
signs of substantial airway functional
impairment as exhibited by abnormal
measures of FEV, VC, and FRC.

Several studies measured pulmonary
function longitudinally in infants and
young children with a history of BPD over
varying periods of time (21, 27, 55, 58, 74).
Infant pulmonary function testing using
the raised volume rapid thoracoabdominal
compression technique demonstrated
significant airflow obstruction (21, 46, 58).
Abnormalities in forced expiratory flow
were shown to persist over time, revealing
substantial airway functional impairment
that persisted even when clinical course
improved. In addition, measurements of
lung volumes showing a modest reduction
in TLC, an increase in FRC, and an
increase in residual volume to TLC ratio
(RV/TLC) were consistent with
a significant degree of ongoing gas
trapping (27, 33, 46, 64, 73). In the studies
that measured bronchodilator response,
only one-third of patients had
improvement in airflow limitation after
administration of bronchodilator
(45, 54). Interestingly, infants using
bronchodilators and inhaled steroids
showed a significantly higher mean FRC
(55). When pulmonary mechanics were
longitudinally measured in one study,

a progressive improvement in passive
respiratory system compliance and
resistance was observed in the first year of
life and at 24 months of age (26).

Significant somatic growth retardation
is evident in former preterm infants with
BPD. In one study, infants with above
average somatic growth showed greater
improvements in lung function with
longitudinal assessments (57). Additionally,
after adjusting for differences in weight,
Vr and VE, children with a diagnosis of
BPD appear to develop similarly to
children without BPD (58, 65). Evidence of
catch-up during the first 15 months of life
was only found when tidal breathing
parameters, VT and VE, were measured in
this study population (65). The reasons
for the poor growth of former preterm
infants with BPD are multifactorial and
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include increased caloric demands and
decreased nutrient intake.

Although several studies have
identified that children with a diagnosis
of BPD are at a higher risk of developing
poor pulmonary outcomes later in life,
other studies have shown no significant
difference between the pulmonary outcomes
(cough, wheezing, rehospitalization, and
inhalation therapy) of VLBW infants (birth
weight < 1,500 g) with and without BPD
(61). BPD was strongly associated with
continued bronchodilator use up to age
2 years, with persistent wheezing between
ages 2 and 5 years, and with an asthma
diagnosis later in childhood (30). Similar
evaluations also identified BPD as an
independent risk factor for the development
of asthma later on in childhood (26, 40, 47);
asthma was more prevalent in groups of
survivors with BPD when compared with
healthy term children (47).

School-aged Children (6-18 yr)
Overall, 34 studies were identified that
evaluated the long-term effects of BPD in
school-aged children (18-20, 22-25, 28, 32,
34-37, 39, 41-45, 49, 52, 54, 56, 57, 59,
60, 62, 63, 66, 67, 70, 71, 75). These
studies were of mixed study designs and
evaluated different outcomes; however,
each study was able to provide some
measure of the pulmonary outcome(s) of
children with a diagnosis of BPD. Again,
variable definitions of BPD were used.
The majority of studies (n =26) used
case—control study design (18, 19, 22, 23,
25, 28, 29, 32, 34, 35, 37, 39, 41, 42, 44, 45,
54, 56, 59, 62, 63, 66, 67, 70, 71, 75), and the
remaining used either retrospective (n = 4)
or prospective (n=4) cohort study
designs (20, 24, 36, 43, 49, 52, 57, 60).

To evaluate the natural history of BPD,
a number of studies evaluated pulmonary
function testing in BPD survivors (19, 20,
22, 28, 29, 32, 35, 43-45, 59, 60, 63, 66, 67,
71, 75). Spirometric measurements of
airflow obstruction, including FEV, and
forced midexpiratory flow of VC
(FEF,5_759,), were consistently found to be
decreased at school age in BPD survivors,
compared with term control subjects. In
contrast, measurements of TLC and FRC
were normal or only modestly reduced,
although a persistence in the RV/TLC ratio
was more pronounced and suggestive of
air trapping. Only a few studies measured
diffusion but suggested an impairment of
diffusing capacity in BPD survivors.

Overall, there were mixed results as to
whether children with a history of VLBW
and BPD exhibited any difference in lung
function when compared with children
with a history of VLBW but without BPD.
Doyle and colleagues demonstrated
through two different analyses that former
VLBW infants with BPD have decreased
lung function compared with those without
BPD (24, 49), although Cazzato and
colleagues found no differences in lung
function between VLBW infants (no BPD
vs. BPD), with the exception of a significant
higher RV/TLC ratio in the BPD
subgroup (66). There also may be
differences in lung function in infants
born in earlier eras. Comparison of lung
function at 8 to 9 years in two cohorts born
in 1991 to 1992 and 1997 demonstrate no
significant differences between infants with
BPD but lower lung function in the earlier
cohort among those infants without BPD
(75). Hakulinen and colleagues reported
in a small cohort of 31 children born
prematurely that the diffusing capacity of
the lung for carbon monoxide (DLco) did
not differ in those with a history of BPD
and those without a history of BPD;
however, DLco values in both prematurely
born study groups were significantly

lower than control subjects born at term.
Thoracic gas volumes were similar in all
groups (25). These results suggested that
structural changes can persist for years in
children who are born very preterm
whether or not they have BPD.

Structural changes were identified in
survivors of preterm birth with or
without BPD. High-resolution computed
tomography (CT) of the chest was used to
study the association between changes in
lung function and structural changes in
the lungs of children with BPD. Such
evaluations found that children with BPD
showed abnormalities on high-resolution
CT and suggest that children diagnosed
with BPD are potentially at risk of
developing COPD later in life due to the
widespread involvement of the peripheral
airways (54). Interestingly, children
with a history of BPD and normal lung
function at age 8 years had normal lung
growth (20).

A number of studies also linked BPD
to respiratory outcomes in school-aged
children, although physiologic and
radiographic abnormalities were not
always accompanied by clinical
symptoms. One recent study highlights
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the extreme of phenotype among children
born at 25 weeks’ gestation or less and
studied again at age 11 years in the
EPICure study. In these children,
respiratory symptoms were more
common than in age-matched full-term
control subjects, with twice as many

(25 vs. 13%; P < 0.01) children having
a current diagnosis of asthma (55). The
authors also reported that less than half
of those with impaired lung function
were receiving any medication.

Adulthood (Older than 18 yr)
With the increase in longevity of infants
with BPD into adulthood, it is of critical
significance to study the effects of this
disease of infancy on adult-age respiratory
impairments. Ten papers were identified
that studied the long-term effects of BPD
at birth in adults (38, 48, 50, 53, 68, 69, 72,
76-78). For the purpose of this review,
adulthood is defined as older than 18
years of age. Five of these studies were
case—control and five were prospective
cohort studies. Several methods were
used to assess respiratory outcomes in
these adults who had BPD as infants.
Spirometry was measured in half of
these studies (53, 68, 69, 76). Adults with
BPD consistently exhibited significantly
lower FEV, and FEF,5_;5¢, than both
preterm cases without BPD and term
control subjects. Using the European
Community Respiratory Health Survey,
adults with a history of BPD were twice
as likely to report wheeze and three times
as likely to use asthma medications as
full-term control subjects (69). In
a national cohort from the Netherlands, the
prevalence of doctor-diagnosed asthma
was significantly higher in women with
a history of BPD than in term control
subjects (24 vs. 5%, P < 0.001).
Additionally, women with a history of BPD
reported higher rates of shortness of breath
during exercise than term control subjects
(43 vs. 16, P=0.008) Interestingly, in this
study, the prevalence of reported
symptoms in men with a history of BPD
was comparable to term control subjects,
indicating that preterm birth was not
a risk factor for long-term respiratory
symptoms in men (48). Emphysema,
defined radiographically as areas of very
low attenuation containing no perceptible
parenchymal anatomy, was also reported to
be common among young adult survivors
of moderate and severe BPD, as assessed

Pulmonary Perspective

by chest CT (53, 72). A recent study that
measured ventilator and sensory responses
in adult survivors of preterm birth and
BPD with reduced exercise tolerance
showed severe dyspnea and leg discomfort
to be associated with critical constraints
on VT expansion, despite differences in
expiratory flow limitation in those with
BPD (77). Although each of these studies
in former preterm adults focused on
different outcomes, each study consistently
confirmed that adults who had

a diagnosis of BPD continued to experience
respiratory symptoms and lung function
impairments into adulthood.

Conclusions

Advances in perinatal management and
therapy have resulted in improved
survival of extremely premature infants.
In the postsurfactant era, BPD

has different pathophysiological
underpinnings, resulting in different clinical
and radiographic manifestations in the
neonatal intensive care unit than the
previously defined “classic BPD.” The ways
in which these differences influence both
clinical course and pulmonary function
later in childhood and adulthood are poorly
understood.

This comprehensive review of
respiratory outcomes in survivors of
prematurity includes studies published on
or after 1990 and thus mostly focuses on
those born in the postsurfactant era.
Despite the number of published studies,
there can be significant variation in the
observed short- and long-term pulmonary
outcomes after premature birth due to
a number of confounding factors, including
heterogeneous study populations and
term control subjects as well as the use of
ambiguous terminology and shifting
definitions. Survivors of BPD have impaired
respiratory function compared with full-
term control subjects, highlighting the
potential link between altered early-life lung
development and chronic lung diseases in
adulthood. In general, these differences were
less apparent when comparing children
born prematurely with BPD to those born
prematurely without BPD and suggest
that the current definitions of BPD (defined
as an oxygen requirement at 36 wk) do
not fully capture the mechanisms of and risk
factors for long-term pulmonary morbidity
in premature infants.

Measurements of airway obstruction
were consistently noted to be reduced in
BPD survivors; this pattern of airway
obstruction was observed with infant
pulmonary function testing and persisted
across all age groups. Impairments in lung
volumes and diffusion were modest and
observed less consistently, despite the fact
that the “new BPD” is considered to be the
consequence of arrested lung development
and is characterized by persistent
decreases in alveolar counts, with enlarged
alveoli, leaving an overall reduction in the
surface area available for gas exchange.
The absence of a significant restrictive
defect in these studies suggests that
premature infants may experience
significant alveolar surface area catch-up
growth. How extreme prematurity results
in airway obstruction is not well
understood, but it is possible that
premature birth or hyperoxic exposure
alters the innate immune response that
ultimately mediates airway responses. One
can also speculate that insults during the late
canalicular or early saccular stage of lung
development also impact the conducting
branches that form the airways. The
development of newer imaging techniques
may allow more precise measurements of
airways and facilitate longitudinal studies to
correlate structural changes in premature
infants with long-term pulmonary
outcomes. Although this review focuses on
studies published in the postsurfactant era,
two papers cited (19, 24) include infants
born in the 1960s and 1970s before the
routine use of surfactant and report a greater
degree of fixed airway obstruction compared
with more recent studies.

The pattern of airway obstruction
noted in BPD survivors correlated with the
clinical observation of wheezing and an
increased prevalence of physician-
diagnosed asthma that persisted across all
age groups. Even the use of bronchodilators
and inhaled corticosteroids in the first year
of life correlated with elevated FRC,
suggesting that air trapping is an early
feature resulting in clinical symptoms.
Clinically diagnosed asthma in this patient
population likely represents a more
complex phenotype and pathophysiology
that incorporates a combination of
obstructive, restrictive, and diffusion
defects. Understanding why some
premature infants with BPD go on to
develop a wheezing phenotype and others
do not may aid in developing primary
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prevention strategies for chronic
pulmonary morbidity that results from
prematurity. In addition, we need to better
understand how evolving neonatal
management strategies alter pathologic and
physiologic changes in the developing lung.
We also need to identify and understand
the causal risk factors, aside from
prematurity, that could be targeted to
prevent the long-term sequelae of lung
disease of prematurity. Most of the
longitudinal asthma cohorts that follow
“at-risk” enriched populations of atopic
families or infants with severe
bronchiolitis exclude infants born
prematurely, so the impact of atopy and
respiratory infections as well as
environmental insults of tobacco smoke
exposure and environmental pollution on
the development of asthma are poorly
characterized in BPD survivors. Last, we
need to have a better understanding of the
genetic factors that contribute to the
heritability associated with BPD. Although

a number of candidate genes have been
linked to BPD, a recent population-based
genome-wide association study failed to
identify any genomic loci associated with
moderate to severe BPD at the genome-
wide significance level (79), indicating
that multiple genes and pathways likely
contribute to BPD.

Additional studies are needed to
understand the short- and long-term
respiratory outcomes of prematurity and
BPD. The Premature and Respiratory
Outcomes Program (PROP),

a longitudinal birth cohort of 835 infants
at six centers in the United States, has

a primary goal to identify biomarkers
(biochemical, physiological, and genetic)
and clinical variables that are predictive of
pulmonary status in preterm infants at

1 year corrected age (80). This well-
phenotyped birth cohort of premature
infants with and without BPD has the
promise to advance our understanding
of the magnitude and time course of

changes in pulmonary function of
premature infants into adulthood.
Retention of this cohort and additional
cross-sectional studies of children with
asthma that do not exclude premature
infants are needed to better understand
respiratory morbidity after prematurity
and to develop appropriate treatment
for these infants. The incorporation of
large-scale genomic data in these
approaches may vyield clues to genes and
pathways that are common to BPD and
asthma, but like asthma, BPD is almost
certainly a polygenic disease with
important gene-environment
interactions that determine risk. The
identification of novel biologic targets may
ultimately allow for the development of
new therapies and approaches targeting
this vulnerable population of preterm
infants.

Author disclosures are available with the text
of this article at www.atsjournals.org.
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