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an  biomarkers  be  used  to  predict  bronchopulmonary
ysplasia?�
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ronchopulmonary  dysplasia  (BPD)  is  the  most  common
hronic  lung  disease  of  infancy  that  occurs  secondary  to  a
omplex  interaction  of  genetic  and  environmental  factors  in
remature  infants.1 Among  the  environmental  factors,  the
uration  of  invasive  mechanical  ventilation  and  supplemen-
al  oxygen  use  are  two  of  the  critical  factors  contributing  to
he  pathogenesis  of  BPD.2 Despite  its  heavy  disease  burden,
ur  ability  to  predict  BPD  in  premature  infants  and  diag-
ose  it  appropriately  is  limited.  The  pathogenesis  of  BPD
nvolves  an  inflammatory  cascade  that  leads  to  impaired
lveolarization  and  dysregulated  angiogenesis  during  lung
evelopment.3 This  has  led  to  researchers  investigating  the
se  of  biochemical  biomarkers  that  are  integral  to  the  patho-
enesis  of  BPD,  in  effectively  predicting  the  risk  of  this
isease.  Many  studies  have  evaluated  a  variety  of  biomark-
rs  in  serum,  tracheal  aspirate  and  urine  to  identify  infants
redisposed  to  BPD.4 Some  studies  have  also  evaluated  mul-
ivariate  models  that  combine  cytokine  levels  with  clinical
redictors  of  the  disease  to  predict  the  risk  of  development
f  BPD.5,6

In  the  study  by  Nascimento  et  al.,7 the  authors  investi-
ated  relevant  clinical  variables  and  the  ability  of  specific
iomarkers  associated  with  the  use  of  invasive  mechanical

entilation  in  the  first  few  days  of  life  to  predict  the  risk  of
evelopment  of  BPD  in  premature  infants.

DOI of original article:
ttps://doi.org/10.1016/j.jped.2020.03.006
� See paper by Nascimento et al. in pages 280---86.
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In  their  study,  it  was  noted  that  the  type  and  duration
f  the  respiratory  support  were  significantly  associated  with
he  development  of  BPD.  Specifically,  the  duration  of  con-
inuous  invasive  ventilator  support  was  the  sole  predictor
ariable  for  the  development  of  BPD.  This  is  an  important
bservation,  and  well  worth  reiterating  as  efforts  made  to
void  invasive  ventilation  at  the  outset  or  extubation  to
on-invasive  (commonly,  nasal  continuous  positive  airway
ressure  or  NCPAP  and  nasal  intermittent  positive  pressure
entilation  or  NIPPV)  modes  of  respiratory  support  in  the
rst  three  days  of  life  have  been  shown  to  decrease  the
isk  of  BPD.8,9 We,9,10 and  others,11,12 have  shown  that  even
f  an  infant  requires  re-intubation  after  the  first  few  days
f  life  i.e.  at  a  more  mature  stage  of  lung  development,
his  does  not  significantly  increase  the  risk  of  developing
PD.  Hence,  the  fear  of  non-invasive  respiratory  support
ailure,  i.e.  the  need  to  re-intubate,  should  not  be  a  reason
o  attempt  to  extubate  an  infant  from  invasive  mechan-
cal  ventilation  in  the  first  few  days  of  postnatal  life.  A
tudy  has  noted  that  systemic  inflammation  occurs  in  the
arly  phase  of  BPD  development,13 and  hence  an  effort  to
void/diminish  this  initiation  of  persistent  inflammation14

an  potentially  decrease  the  incidence  and/or  severity  of
PD.

In  addition,  Nascimento  et  al.7 analyzed  serum  samples
ollected  between  36−48  h  of  life  from  40  very  low  birth
eight  (VLBW)  infants  born  at  <34  weeks  gestational  age.

wenty-one  infants  from  this  prospective  cohort  developed
PD  and  19  did  not.  They  report  that  when  compared  to
nfants  that  did  not  develop  BPD,  infants  with  BPD  have
igher  levels  of  granulocyte  and  macrophage  colony  stim-
lating  factor  (GM-CSF)  (p  =  0.002),  lower  levels  of  eotaxin
p  =  0.02),  and  an  increased  ratio  of  GM-CSF  to  eotaxin
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p  <  0.0001).  They  also  reported  that  infants  who  developed
PD  were  of  lower  gestational  age,  lower  birth  weight  and
ere  exposed  to  longer  periods  of  invasive  mechanical  venti-

ation,  as  also  discussed  above.  The  authors  further  conclude
hat  use  of  mechanical  ventilation  was  associated  with  the
ytokine  profile  seen  in  their  cohort,  suggesting  increased
ung  injury  and  a  higher  risk  of  progression  to  BPD.  This  study
s  well  designed,  includes  appropriately  matched  subjects  in
he  case/control  groups  and  has  the  additional  advantage  of
eing  a  prospective  study.  However,  the  results  of  the  study
re  limited  by  the  small  number  of  infants  evaluated.  Infor-
ation  about  chorioamnionitis  is  lacking,  which  has  been

eported  to  impact  GM-CSF  levels.15 The  group  with  BPD
lso  has  a  statistically  significant  higher  use  of  antibiotics
p  =  0.04),  suggesting  a  higher  risk  for  infection  that  could
ffect  the  cytokine  profile  of  the  infants  included  in  this
roup.  Furthermore,  the  study  only  included  measurement
f  serum  cytokines;  a  concurrent  measurement  of  tracheal
spirate  (TA)  or  bronchoalveolar  lavage  (BAL)  would  have
dded  further  value  to  the  results  since  it  would  have  better
epresented  the  chemokine-associated  inflammation  seen  in
he  pathogenesis  of  BPD.  Lastly,  the  study  is  effectively  an
bservational  study  by  design  and  can  only  show  association
ith  the  disease  and  not  causation.

T helper  cells  (Th1  and  Th2)  help  regulate  inflammatory
esponses  and  maintain  inflammatory  homeostasis  in  the
ungs.16 There  is  limited  evidence  regarding  the  role  of  Th1
nd  Th2  responses  in  the  neonatal  period  and  its  effect  on
PD.  GM-CSF  is  preferentially  associated  with  Th1  responses
hile  eotaxin  plays  a  role  in  Th2  responses.  GM-CSF  is  also
nown  to  play  a  role  in  surfactant  homeostasis  and  has  pre-
iously  been  reported  to  be  elevated  in  the  first  week  of
ife  in  BAL  samples  of  infants  who  progress  to  develop  BPD
hen  compared  to  infants  that  do  not.17 In  animal  models  of
yperoxia-  induced  acute  lung  injury  (HALI),  transgenic  mice
ith  overexpressed  GM-CSF  had  increased  survival  and  this
as  thought  to  be  beneficial  in  HALI.18,19 In  a  fetal  sheep
odel,  lung  stretch  injury  induced  by  large  volume  venti-

ation  was  associated  with  an  increase  in  GM-CSF  at  one
our  and  was  also  thought  to  help  with  lung  maturation
ue  to  its  role  in  surfactant  homeostasis.20 In  another  study,
’Angio  et  al.  reported  altered  levels  of  GM-CSF  in  blood
pot  samples  of  premature  infants  who  developed  BPD  as
ompared  to  infants  with  no  lung  pathology.5 In  their  study,
ascimento  et  al.7 also  found  an  increase  in  serum  levels
f  GM-CSF  in  infants  exposed  to  invasive  mechanical  venti-
ation  that  can  cause  stretch  lung  injury  and  may  lead  to
ncrease  in  secretion  of  GM-CSF.  In  this  study,  the  authors
lso  looked  at  eotaxin  levels,  since  eosinophilic  activation
as  been  linked  to  BPD21 and  the  main  role  of  eotaxin  is  in
osinophil  chemotaxis  and  activation.  However,  they  found

 decrease  in  eotaxin  levels  in  infants  that  progressed  to
evelop  BPD  compared  to  infants  that  did  not  develop  BPD.
n  the  other  hand,  Zhou  et  al.  reported  a  significant  increase

n  eotaxin  levels  in  serum  samples  at  day  1,  7  and  14  of
ife,  in  VLBW  infants  born  at  <32  weeks  GA,  that  progressed
o  develop  BPD.22 In  the  study  by  Kandasamy  et  al.,  mul-
iple  cytokines  were  analyzed  in  blood  samples  from  152

xtremely  LBW  (ELBW)  infants  and  combined  with  clinical
ariables  to  develop  predictive  models  for  BPD/death  soon
fter  birth.  In  their  study,  they  also  reported  increased  lev-
ls  of  eotaxin-1  in  infants  who  developed  BPD  compared  to
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hose  who  survived  without  BPD  (p  =  0.002).  This  increase  in
evels  of  eotaxin-1  also  correlated  with  levels  of  GM-CSF.23

Most  studies  evaluate  biomarkers  in  VLBW  infants  in  the
rst  week  of  life  to  help  predict  the  risk  of  BPD,  but  there

s  limited  data  available  on  the  use  of  biomarkers  to  diag-
ose  and  stratify  the  severity  of  BPD  once  the  disease  is
stablished.  Our  group  recently  reported  higher  levels  of
ntercellular  adhesion  molecule  (ICAM)-1  in  infants  with
stablished  BPD  when  compared  to  preterm  and  term  infants
f  comparable  postmenstrual  age  with  no  lung  pathology.
he  level  of  ICAM-1  also  corelated  with  the  severity  of  the
isease.24

Alteration  in  levels  of  cytokines  and  proteins  in  the  serum
f  preterm  infants  can  be  used  to  identify  the  infants  at  risk
or  BPD  and  help  with  confirmation  of  the  diagnosis.  Valida-
ion  of  these  specific  patterns  of  biomarkers  in  prospective
ohorts  of  premature  infants  is  needed  to  reproduce  these
esults  and  demonstrate  their  role  in  improving  the  diag-
osis  and  management  of  BPD.  An  increase  in  GM-CSF  and
lteration  in  eotaxin  early  in  the  course  of  lung  injury  in
LBW  infants  may  be  useful  in  identifying  infants  at  risk  of
PD;  however,  there  are  conflicting  reports  in  the  literature
egarding  the  directionality  of  change  in  eotaxin  levels.  In
ddition,  concurrent  measurements  of  their  level  in  serum
nd  TA/BAL  specimens  may  be  more  accurate  in  assessing
he  risk  of  lung  injury.  Further  investigation  is  needed  to
etermine  if  eotaxin  and  GM-CSF  are  involved  in  lung  injury
nd  pathogenesis  of  BPD.
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