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Abstract
Objective:  Evaluate  the  association  between  perinatal  factors  and  amplitude-integrated  elec-
troencephalogram  abnormalities  in  preterm  infants  on  the  first  day  of  life.
Methods:  This  was  a  cross-sectional  study  of  60  infants  with  gestational  age  between  23
and 32  weeks,  without  malformations.  Infants  were  continuously  monitored  by  amplitude-
integrated  electroencephalogram  on  the  first  day  of  life,  for  at  least  3  h.  The  tracings  were
recorded  and  analyzed  in  each  column  for  the  following:  burst-suppression  pattern,  sleep-
wake cycle,  and  amplitude  of  the  lower  margin  (<3  �V  or  <5  �V).  The  association  of  maternal
complications,  mode  of  delivery,  birth  weight,  gestational  age,  neonatal  sex,  resuscitation  pro-
cedures, hypothermia  on  admission,  and  the  Score  for  Neonatal  Acute  Physiology,  Perinatal
Extension,  Version  II  [SNAPPE-II])  with  amplitude-integrated  electroencephalogram  alterations
was assessed  by  multiple  logistic  regression.
Results:  A  discontinuous  pattern  occurred  in  65%  of  infants,  and  a  continuous  pattern  occurred
in 23%.  The  burst-suppression  pattern  was  associated  with  vaginal  delivery  (OR:  7.6;  95%  CI:
1.1---53.1)  and  SNAPPE-II  ≥  40  (OR:  13.1;  95%  CI:  1.8---95.1).  A  lower  margin  of  the  amplitude-

integrated  electroencephalogram  of  <3  �V  was  also  associated  with  SNAPPE-II  ≥  40  (OR:  10.6,
95% CI:  2.3---49.2),  while  a  value  <5  �V  was  associated  with  lower  GA  (OR:  0.51,  95%  CI:
0.34---0.76). There  were  no  associations  between  the  perinatal  variables  and  the  absence  of

a sleep-wake  cycle  in  amplitude-integrated  electroencephalogram  recordings  on  the  first  day

of life.
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Conclusion:  Biological  variables  and  clinical  severity  are  associated  with  electroencephalo-
graphic characteristics  of  preterm  infants  on  the  first  day  of  life  and  should  be  considered
in clinical  practice  when  amplitude-integrated  electroencephalogram  is  performed.
© 2019  Sociedade  Brasileira  de  Pediatria.  Published  by  Elsevier  Editora  Ltda.  This  is  an  open
access article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Fatores  perinatais  associados  a  anormalidades  em  eletroencefalograma  de  amplitude
integrada  em  prematuros  no  primeiro  dia  de  vida

Resumo
Objetivo:  Avaliar  a  associação  entre  fatores  perinatais  e  anormalidades  no  eletroencefalograma
de amplitude  integrada  em  recém-nascidos  prematuros  no  primeiro  dia  de  vida.
Métodos:  Este  é  um  estudo  transversal  de  60  bebês  com  idade  gestacional  entre  23-32  semanas,
sem malformações.  Os  recém-nascidos  foram  continuamente  monitorados  por  eletroencefalo-
grama de  amplitude  integrada  no  primeiro  dia  de  vida  por  pelo  menos  3  horas.  Os  traçados  foram
registrados e  analisados  em  cada  coluna  para:  padrão  de  surto-supressão,  ciclo  de  sono-vigília
e amplitude  da  margem  inferior  (<3  �V  ou  <5  �V).  A  associação  de  complicações  maternas,  tipo
de parto,  peso  ao  nascer,  idade  gestacional,  sexo  do  neonato,  procedimentos  de  reanimação,
hipotermia  na  admissão  e  Escore  para  Fisiologia  Neonatal  Aguda,  Extensão  Perinatal,  versão
II (SNAPPE-II)  com  alterações  no  eletroencefalograma  de  amplitude  integrada  foi  avaliada  por
regressão logística  múltipla.
Resultados:  Um  padrão  descontínuo  ocorreu  em  65%  dos  recém-nascidos  e  o  padrão  contínuo
ocorreu em  23%.  O  padrão  de  surto-supressão  foi  associado  ao  parto  vaginal  (OR  7,6;  IC95%  1,1-
53,1) e  SNAPPE-II  ≥  40  (OR  13,1;  IC95%  1,8-95,1).  Uma  margem  inferior  do  eletroencefalograma
de amplitude  integrada  <3  �V  também  foi  associada  com  escore  SNAPPE-II  ≥  40  (OR  10,6,  IC95%
2,3-49,2),  enquanto  um  valor  <5  �V  foi  associado  com  menor  IG  (OR  0,51,  IC  95%  0,34-0,76).  Não
houve associações  entre  as  variáveis  perinatais  e  a  ausência  de  ciclo  sono-vigília  nas  gravações
de eletroencefalograma  de  amplitude  integrada  no  primeiro  dia  de  vida.
Conclusão:  As  variáveis  biológicas  e  a  gravidade  clínica  estão  associadas  às  características
eletroencefalográficas  dos  recém-nascidos  prematuros  no  primeiro  dia  de  vida  e  devem  ser
consideradas  na  prática  clínica  quando  o  eletroencefalograma  de  amplitude  integrada  é  real-
izado.
© 2019  Sociedade  Brasileira  de  Pediatria.  Publicado  por  Elsevier  Editora  Ltda.  Este é  um  artigo
Open Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.
0/).
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Introduction

Brain  function  monitoring  of  preterm  infants  (PTI)  is  gain-
ing  importance  due  to  the  several  factors  that  may  injure
their  central  nervous  systems,  especially  during  the  first
days  of  life.1---5 An  increasingly  used  method  is  the  evaluation
of  brain’s  electrical  activity  by  amplitude-integrated  elec-
troencephalography  (aEEG).6 This  is  due  to  the  ease  of  use  of
the  monitor,  the  possibility  of  interpretation  by  neonatolo-
gists  at  the  bedside,  the  good  correlation  with  conventional
EEG,7,8 and  because  the  method  takes  into  account  brain
maturation.9 However,  considering  the  multiple  perinatal
factors  that  can  affect  the  brain’s  electrical  activity,  the
interpretation  of  aEEG  results  in  these  patients  is  still  lim-
ited.

In  recent  years,  two  studies  have  investigated  the  effect
of  perinatal  factors  on  aEEG.10,11 Natalucci  et  al.  analyzed

aEEG  tracings  in  the  first  96  h  of  life  of  neonates  with  ges-
tational  age  (GA)  <32  weeks,  hemodynamic  stability,  and
no  malformations;  they  observed  increased  maturation  with
increases  in  corrected  GA.10 Reynolds  et  al.  evaluated  136
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nfants  with  GA  <  30  weeks  for  72  h  in  the  first  two  weeks  of
ife  and  for  4  h  at  corrected  ages  of  30,  34,  and  40  weeks.
n  immature  periodic  pattern  in  the  initial  aEEG  was  associ-
ted  with  a  high  clinical  severity  score,  vaginal  birth,  male
ex,  and  progression  to  death.11 However,  none  of  the  stud-
es  above  assessed  whether  the  aEEG  changes  observed  in
he  first  days  of  life  were  associated  with  perinatal  factors
elated  to  peripartum  maternal  and  neonatal  variables.

In  this  context,  the  aim  of  the  present  study  was  to  eval-
ate  the  association  between  perinatal  factors  and  changes
n  the  aEEG  tracing  on  the  first  day  of  life  in  preterm  infants
ith  GA  between  23  and  32  weeks.

ethods

his  cross-sectional  study  was  conducted  in  the  neonatal

ntensive  care  unit  (NICU)  of  the  University  Hospital  of  Escola
aulista  de  Medicina  of  Universidade  Federal  de  São  Paulo
EPM-UNIFESP)  and  was  approved  by  the  Institutional  Review
oard  (Protocol  No.  10309512.7.0000.5505).  The  parents  or
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egal  guardians  of  the  participating  infants  authorized  the
tudy  by  signing  an  informed  consent.

The  study  participants  were  preterm  infants  with  GA
etween  230/7 and  326/7 weeks  by  the  best  obstetric  esti-
ate,  in  the  first  24  h  of  life,  without  major  congenital

bnormalities.  Patients  who  required  advanced  resuscita-
ion  in  the  delivery  room,  those  whose  mothers  used  illegal
rugs  or  alcohol  before  birth,  and  those  who  received  gen-
ral  anesthesia  during  delivery  were  excluded.  The  infants
or  whom  the  aEEG  device  was  not  available  and  those  mon-
tored  for  a  period  shorter  than  3  h  were  also  excluded.  The
alculation  of  sample  size  considered  the  need  to  assess  at
east  five  independent  factors  for  each  response  variable  and
he  need  to  include  ten  to  15  patients  for  each  independent
ariable  analyzed  in  the  logistic  regression  model,12 for  a
otal  of  60  patients.

The  monitoring  of  the  aEEG  began  in  the  first  24  h  of  life,
fter  admission  and  stabilization  of  the  patient  in  the  NICU,
haracterized  by  normothermia,  initiation  of  intravenous
nfusion,  and  use  of  surfactants,  when  needed.  The  aEEG  was
onitored  using  an  Olympic  CFM  6000  monitor  (Natus  Medi-

al  Incorporated,  California,  USA).  Scalp  skin  was  prepared
or  electrode  application.13 Two  hydrogel  electrodes  were
laced  on  the  parietal  positions  P3---P4,  as  recommended
n  the  international  10---20  system,14 with  an  approximate
istance  of  7.5  cm  between  them.  A  neutral  electrode  was
laced  in  the  midline  of  the  frontal  area.  The  patients  were
onitored  continuously  on  the  first  day  of  life  for  at  least

 h  after  electrode  placement.  Handling  of  the  infants  was
ecorded  in  the  tracings  using  the  device  markers.

The  tracings  were  recorded  and  reviewed  by  the  princi-
al  investigators  using  the  Olympic  CFM  6000  Viewer  (Natus
edical  Incorporated,  California,  USA),  and  the  upper  and

ower  margins  of  each  recorded  column,  corresponding  to
 10-min  aEEG  tracing,  were  analyzed.  The  recording  of
he  aEEG  tracing  included  the  recording  of  raw  EEGs.  Raw
EG  was  analyzed  to  detect  artifacts  based  on  the  pat-
ern  detailed  by  Hellström-Westas  et  al.6 If  an  artifact
as  detected,  the  corresponding  10-min  aEEG  interval  was

emoved  from  the  analysis.  The  periods  of  monitoring  with
mpedance  higher  than  20  k�,  indicating  poor  electrode
dhesion,  were  also  discarded.

The  variables  analyzed  in  the  aEEG,  as  detailed  by
ellström-Westas  et  al.,6 were  as  follows:  (1)  predominant
lectrocortical  background  pattern  (if  present  for  over  50%
f  the  analyzed  recorded  interval),  classified  as  continu-
us,  discontinuous,  or  burst  suppression;  (2)  presence  of

 sleep-wake  cycle  (from  sinusoidal  variation  of  the  lower
argin  to  mature  cycle);  (3)  mean  lower  and  upper  margins,

eported  in  �V;  (4)  amplitude  of  the  EEG  band;  (5)  presence
f  seizures  (confirmed  by  the  raw  EEG).

Maternal  demographic  and  clinical  data  were  collected,
s  well  as  neonatal  demographic  data  and  the  procedures
erformed  in  the  delivery  room.  After  admission  to  the
ICU,  adequacy  of  the  weight  for  GA,15 hypothermia  at
dmission,16 the  Score  for  Neonatal  Acute  Physiology,  Peri-
atal  Extension,  Version  II  (SNAPPE  II),17 opioid  (fentanyl)
dministration,  and  caffeine  treatment  in  the  first  day  after

irth  were  recorded.

The  following  abnormalities  in  aEEG  in  the  first  day
f  life,  as  defined  Hellström-Westas  et  al.6 and  Burdjalov
t  al.,9 were  adopted  as  response  variables  in  the  study:

t
m
m
d
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1)  predominant  burst-suppression  pattern  in  the  aEEG;  (2)
bsence  of  sleep-wake  cycle;  (3)  mean  lower  margin  of  the
EEG  tracing  <5  �V;  (4)  mean  lower  margin  of  the  aEEG  trac-
ng  <3  �V.  For  each  variable,  the  infants  with  and  without
he  alteration  were  compared  for  maternal  and  neonatal
haracteristics  using  the  chi-squared  test  or  Fisher’s  exact
est  for  categorical  variables,  and  Student’s  t-test  or  the
ann---Whitney  test  for  numerical  variables.  To  construct

he  logistic  regression  models  and  identify  the  factors  asso-
iated  with  each  of  the  four  abnormalities  in  the  aEEG
racing,  independent  variables  with  p  <  0.20  in  the  uni-
ariate  analysis  were  chosen.  The  variables  with  p  >  0.05
ere  removed  one  by  one,  and  the  model  fit  was  evalu-
ted  at  each  stage.  The  results  were  described  by  odds
atios  (OR)  and  95%  confidence  intervals  (95%  CI).  All  logistic
odels  were  adjusted  for  duration  of  the  recorded  tracings,

ours  of  life  at  the  beginning  of  monitoring,  and  gesta-
ional  age,  since  the  ten-week  gestational  age  spread  of
he  included  infants  could  be  the  most  important  deter-
inant  of  the  different  aEEG  patterns.  Because  fentanyl

dministration  presented  a  strong  correlation  with  vaginal
elivery  and  SNAPPE  II  ≥  40  (Spearman  correlation;  p  =  0.016
nd  p  <  0.001,  respectively),  opioid  use  was  not  included  in
he  logistic  models.  The  goodness  of  fit  of  all  logistic  models
as  analyzed  by  the  Hosmer---Lemeshow  test.  SPSS  software

IBM  SPSS  Statistics  for  Windows,  v.  19.0,  IBM  Corp.,  Armonk,
ew  York,  USA)  was  used.

esults

rom  June  2013  to  November  2015,  2097  births  occurred  at
his  hospital.  Of  these,  145  infants  met  the  inclusion  criteria
or  the  study;  however,  80  were  excluded  for  technical  rea-
ons.  Of  the  remaining  65  patients,  four  were  not  allowed  by
heir  parents  to  be  monitored  as  part  of  the  study,  and  one
eonate  was  excluded  after  diagnosis  of  a  genetic  syndrome.
herefore,  the  study  included  60  preterm  infants.

Among  the  study  population,  51  (85%)  were  singleton
regnancies,  15  (25%)  were  born  by  vaginal  delivery,  48  (80%)
others  received  at  least  one  dose  of  antenatal  corticos-

eroids,  33  (55%)  mothers  received  magnesium  sulfate  for
europrotection,  and  ten  (17%)  mothers  had  a  peripartum
nfection.  Of  the  60  neonates,  three  (5%)  had  24  weeks  of
estation,  ten  (17%)  had  25---26  weeks,  17  (28%)  had  27---28
eeks,  16  (27%)  had  29---30  weeks,  and  14  (23%)  had  31---32
eeks.  The  mean  GA  was  28.5  ±  2.4  weeks  (range:  24---32
eeks),  and  the  mean  birth  weight  was  1045  ±  369  g (range:
80---2050  g).  Nineteen  (32%)  infants  were  small  for  gesta-
ional  age,  and  33  (55%)  were  male.  In  the  delivery  room,
2  (70%)  infants  required  positive  pressure  ventilation,  and
5  (25%)  required  intubation.  On  admission  to  the  NICU,  23
38%)  patients  had  an  axillary  temperature  <36 ◦C.  The  mean
NAPPE  II  was  26  ±  24,  and  this  score  was  at  least  40  in  16
27%)  neonates.

The  aEEG  recordings  started  at  12  ±  6  h  of  life,  and
he  mean  duration  of  the  monitoring  was  1281  ±  314  min
median  and  mode  of  1440  min).  The  aEEG  tracing  allowed

he  analysis  of  brain  activity  in  85%  of  these  recordings.  The
ean  lower  margin  was  4.2  ±  1.3  �V,  and  the  mean  upper
argin  was  24.6  ±  6.0  �V.  The  presence  of  continuous  aEEG,
iscontinuous  aEEG,  and  burst  suppression  was  observed  in
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14  (23%),  39  (65%),  and  seven  (12%)  infants,  respectively.
A  sleep-wake  cycle  was  observed  in  42  (70%)  neonates,  and
electroencephalographic  seizures  were  observed  in  two  (3%)
patients.

The  univariate  analysis  of  the  factors  associated  with
burst  suppression  in  the  study  population  is  shown  in
Table  1.  In  the  multivariate  analysis  for  the  outcome
‘‘burst-suppression,’’  two  logistic  models  were  built,  con-
sidering  the  collinearity  of  the  variables  ‘‘positive  pressure
ventilation  at  birth’’  and  ‘‘intubation  at  birth.’’  Both
models  indicated  that  vaginal  delivery  (OR  =  7.6,  95%
CI  =  1.1---53.1;  p  =  0.041)  and  a  SNAPPE  II  ≥  40  (OR  =  13.1,  95%
CI  =  1.8---95.1;  p  =  0.011)  increased  the  chance  of  the  pres-
ence  of  a  burst  suppression  pattern  on  the  first  day  of  life
(Hosmer---Lemeshow  test:  p  =  0.736  for  both  models).

Differences  between  patients  that  did  or  did  not  present
a  sleep---wake  cycle  in  aEEG  tracing  on  the  first  day  of  life
are  shown  in  Table  2.  No  variables  changed  the  chance  of
the  absence  of  sleep---wake  cycle  in  the  aEEG  on  the  first
day  of  life  in  the  study  population.

The  univariate  analysis  of  the  factors  associated  with
a  lower  margin,  <3  �V,  in  the  aEEG  of  preterm  infants  on
the  first  day  of  life  is  shown  in  Table  3.  In  the  multivariate
analysis,  the  presence  of  a  SNAPPE  II  ≥  40  increased  the  like-
lihood  of  a  lower  margin,  <3  �V  (OR  =  10.6,  95%  CI  =  2.3---49.2;
p  =  0.003;  Hosmer---Lemeshow  test:  p  =  0.128).  The  variable
‘‘positive  pressure  ventilation  at  birth’’  was  replaced  by
‘‘intubation  at  birth’’  in  the  logistic  model  due  to  collinear-
ity  between  them,  with  identical  results:  SNAPPE  II  ≥  40  was
associated  with  a  higher  chance  of  detecting  a  lower  margin
<3  �V  in  the  aEEG  of  preterm  infants  on  the  first  day  of  life
(OR  =  10.6,  95%  CI  =  2.3---49.2;  p  =  0.003;  Hosmer---Lemeshow
test:  p  =  0.128).

The  univariate  analysis  of  factors  associated  with  a  lower
margin  <5  �V  in  the  study  population  is  shown  in  Table  4.
In  the  logistic  model,  each  additional  gestational  week
decreased  the  probability  of  a  lower  margin  <5  �V  by  almost
50%  (OR  =  0.51,  95%  CI  =  0.34---0.761;  p  =  0.001).  The  variable
‘‘sex’’  promoted  a  better  model  fit,  although  it  was  not  sig-
nificant  (OR  =  4.03,  95%  CI  =  0.96---16.04;  p  =  0.057).  The  fit  of
the  logistic  model  with  the  variables  GA  and  sex  showed  a
p-value  of  0.210  in  the  Hosmer---Lemeshow  test.

Discussion

This  study  showed  that  discontinuous  tracings  were  the
predominant  electroencephalographic  tracings  in  the  evalu-
ated  preterm  infants,  and  that  patients’  biological  variables
and  their  clinical  severity  were  associated  with  electroen-
cephalographic  characteristics  on  the  first  day  of  life.

Burst  suppression  occurred  in  12%  of  the  preterm  infants
included  in  this  study,  and  this  rate  was  similar  to  that
found  by  Chalak  et  al.18 (16%)  in  infants  with  GA  <  28  weeks
monitored  on  the  first  day  of  life.  Wikström  et  al.19 ana-
lyzed  aEEG  tracings  during  the  first  72  h  of  life  and  observed
burst  suppression  in  25%  of  patients  with  GA  between  28
and  30  weeks  and  5  in  8%  of  those  with  GA  <  28  weeks.

Compared  to  the  present  study,  these  authors  monitored
patients  for  a  longer  period,  possibly  amplifying  the  effect
of  complications  associated  with  prematurity  and  neonatal
care  on  brain  electrical  activity.  The  present  results  suggest
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n  association  of  burst  suppression  with  vaginal  deliv-
ry  and  with  clinical  severity  of  infants,  as  demonstrated
y  the  presence  of  SNAPPE  II  ≥  40.  Vaginal  delivery  may
ncrease  central  venous  pressure  and  change  cerebral  blood
ow,  which  is  also  affected  by  the  clinical  severity,  since

mpaired  autoregulation  of  cerebral  blood  flow  is  common
n  extremely  preterm  and  severely  ill  infants.1,20 Changes  in
erebral  blood  flow  may  lead  to  changes  in  brain  electrical
ctivity  and  the  development  of  burst  suppression.  Fluctua-
ion  of  cerebral  blood  flow  is  one  of  the  mechanisms  involved
n  the  pathophysiology  of  peri-intraventricular  hemorrhage
n  preterm  infants,  and  burst  suppression  is  associated  with
he  occurrence  of  brain  hemorrhages  in  these  patients.18,21

A  sleep---wake  cycle  was  observed  in  70%  of  the  moni-
ored  patients,  similar  to  that  observed  by  Wikström  et  al.19

mong  infants  with  GA  <  30  weeks  in  the  first  72  h  of  life.
he  present  study’s  result  is  also  consistent  with  the  find-

ngs  of  Soubasi  et  al.,22 who  studied  neonates  with  GAs  <  32
eeks  during  the  first  12---72  h  of  life.  Reynolds  et  al.11 ana-

yzed  the  perinatal  factors  associated  with  the  absence  of
leep---wake  cycle  in  the  first  two  weeks  of  life  in  neonates
ith  GA  <  30  weeks,  showing  an  association  with  high  sever-

ty  score,  vaginal  birth,  male  sex,  and  progression  to  death.
n  the  present  study,  none  of  the  evaluated  perinatal  fac-
ors  were  associated  with  the  absence  of  sleep---wake  cycle
n  the  aEEG  of  preterm  infants  during  the  first  day  of  life.
he  different  results  may  be  because  Reynolds  et  al.11 initi-
ted  monitoring  later  (mean:  59  h)  than  in  the  present  study
mean:  12  h),  possibly  reflecting  the  effects  of  complications
f  prematurity  and  neonatal  care  on  the  non-development
f  the  sleep---wake  cycle.

In  the  present  study,  a  lower  margin,  <3  �V,  was  observed
n  20%  of  patients,  which  is  similar  to  the  rate  of  22%  found
y  Soubasi  et  al.  in  infants  with  GA  <  32  weeks  in  the  first
2  h  of  life.22 For  Griesmaier  et  al.,23 postnatal  age  was
trongly  associated  with  the  presence  of  a  lower  margin,
3  �V.  The  present  study’s  findings  indicated  that  a  SNAPPE
I  ≥  40  was  associated  with  the  presence  of  a  lower  margin  on
he  aEEG  tracing  <3  �V. Similarly,  Horst  et  al.  observed  a  neg-
tive  correlation  between  the  mean  lower  margin  and  the
NAP  II  clinical  severity  score;  this  correlation  was  stronger
n  the  first  day  of  life  and  disappeared  on  the  fourth  day  of
ife  in  infants  with  GA  between  26  and  32  weeks.24 These
esults  suggest  that  the  hemodynamic  instability  of  preterm
nfants  immediately  after  birth3 changes  brain  activity  and
ecreases  the  lower  margin  of  the  aEEG  tracing;  this  effect
s  stronger  in  the  first  hours  of  life.

A  lower  margin  <5  �V  was  observed  in  73%  of  patients
n  the  first  day  of  life,  and  this  result  is  similar  to  that
bserved  by  Soubasi  et  al.22 in  preterm  infants  monitored
uring  the  first  72  h of  life.  In  the  present  study,  a  lower  mar-
in  <5  �V  was  associated  with  GA,  but  male  sex  promoted  a
etter  model  fit  in  the  multivariable  analysis.  Several  studies
ndicate  that  the  amplitude  of  the  lower  margin  is  associ-
ted  with  GA  and  postnatal  age,  and  that  the  lower  margin
ncreases  as  GA  increases.10,23---26 With  regard  to  sex,  Olishar
t  al.27 found  that  male  sex  and  a  lower  GA  increased  the
ikelihood  of  abnormalities  in  the  aEEG  composite  score,

efined  by  the  baseline  tracing,  sleep---wake  cycle,  and
eizures.

The  difference  in  the  factors  associated  with  lower  mar-
ins  <3  �V  and  <5  �V  in  the  present  study  should  be  noted
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Table  1  Factors  associated  with  burst-suppression  in  the  background  pattern  of  the  amplitude-integrated  electroencephalo-
gram (aEEG)  tracing  in  preterm  infants  (PTIs)  on  the  first  day  of  life.

Burst  suppression
(n  =  7)

Continuous/discontinuous
(n  =  53)

p-value

Perinatal  infection  0  10  (18%)  0.208
Antenatal corticosteroids  5  (71%)  43  (81%)  0.546
Peripartum MgSO4 3  (43%)  30  (57%)  0.492
Vaginal delivery 4  (57%) 11  (21%)  0.037
Small for  gestational  age 3  (43%) 16  (30%) 0.498
Male sex 3  (43%) 30  (51%) 0.492
Gestational  age  (weeks)a 27.0  ±  2.3 28.7  ±  2.4 0.078

Gestational  age
24 weeks  1  (14%)  2  (4%)
25---26 weeks  2  (29%)  8  (15%)
27---28 weeks 3  (43%) 14  (26%)
29---30 weeks 0  (0%) 16  (30%)
31---32 weeks 1  (14%) 13  (25%)

PPV at  birth  7  (100%)  35  (66%)  0.065
Intubation at  birth  5  (71%)  10  (18%)  0.003
Hypothermiab at  admission  3  (43%)  20  (38%)  0.793
SNAPPE II  ≥  40  5  (71%)  11  (21%)  0.004
Caffeine use  3  (43%)  21  (39%)  0.965
Fentanyl infusion  4  (57%)  0  (0%)  <0.001

PPV, positive pressure ventilation; SNAPPE II, Score for Neonatal Acute Physiology, Perinatal Extension, Version II.
a Mean ± standard deviation.
b Hypothermia: axillary temperature <36 ◦C.

Table  2  Factors  associated  with  the  absence  of  sleep---wake  cycle  in  the  amplitude-integrated  electroencephalogram  (aEEG)
tracing in  preterm  infants  (PTIs)  on  the  first  day  of  life.

Sleep---wake  cycle

Absent  (n  =  18)  Present  (n  =  1842)  p-value

Perinatal  infection  3  (17%)  7  (17%)  1.000
Antenatal corticosteroids  13  (72%)  35  (83%)  0.324
Peripartum magnesium  sulfate  8  (44%)  25  (59%)  0.282
Vaginal delivery  7  (39%)  8  (19%)  0.104
Small for  gestational  age  5  (28%)  14  (33%)  0.672
Male sex  12  (67%)  21  (50%)  0.234
Gestational  age  (weeks)a 27.7  ±  2.7  28.8  ±  2.2  0.100

Gestational  age
24 weeks  3  (17%)  0  (0%)
25---26 weeks  3  (17%)  7  (16%)
27---28 weeks  5  (27%)  12  (29%)
29---30 weeks  4  (22%)  12  (29%)
31---32 weeks  3  (17%)  11(26%)

PPV at  birth  14  (78%)  28  (67%)  0.389
Intubation at  birth  7  (39%)  8  (19%)  0.104
Hypothermiab on  admission  7  (39%)  16  (38%)  0.954
SNAPPE II  ≥  40  7  (39%)  9  (21%)  0.161
Caffeine use  6  (33%)  18  (43%)  0.404
Fentanyl infusion  4  (22%)  0  (0%)  0.002

PPV, positive pressure ventilation; SNAPPE II, Score for Neonatal Acute Physiology Perinatal Extension, Version II.
a
 Mean ± standard deviation.
b Hypothermia: axillary temperature <36 ◦C.
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Table  3  Factors  associated  with  a  lower  margin,  <3  �V,  on  the  amplitude-integrated  electroencephalogram  (aEEG)  tracing  of
preterm infants  (PTIs)  on  the  first  day  of  life.

Lower  margin

<3  �V  (n  =  10)  ≥3  �V  (n  =  50)  p-value

Perinatal  infection 2  (20%) 8  (16%) 0.757
Antenatal corticosteroids 8  (80%) 40  (80%) 1.000
Peripartum  magnesium  sulfate  4  (40%)  29  (58%)  0.296
Vaginal delivery  4  (40%)  11  (22%)  0.230
Small for  gestational  age  4  (40%)  15  (3%)  0.535
Male sex  5  (50%)  28  (56%)  0.728
Gestational  age  (weeks)a 26.6  ±  2.1  28.9  ±  2.3  0.005

Gestational  age
24 weeks  2  (20%)  1  (2%)
25---26 weeks  3  (30%)  7  (14%)
27---28 weeks  4  (40%)  13(26%)
29---30 weeks  0  (0%)  16  (32%)
31---32 weeks  1  (10%)  13  (26%)

PPV at  birth  10  (100%)  32  (64%)  0.023
Intubation at  birth  6  (60%)  9  (18%)  0.005
Hypothermiab on  admission  4  (40%)  19  (38%)  0.905
SNAPPE II  ≥  40  7  (70%)  9  (18%)  <0.001
Caffeine use  3  (30%)  21  (42%)  0.336
Fentanyl infusion  4  (40%)  0  (0%)  <0.001

PPV, positive pressure ventilation; SNAPPE II, Score for Neonatal Acute Physiology, Perinatal Extension, Version II.
a Mean ± standard deviation.
b Hypothermia: axillary temperature <36 ◦C.

Table  4  Factors  associated  with  lower  margins  <5  �V  in  the  amplitude-integrated  electroencephalogram  (aEEG)  tracing  of
preterm infants  (PTIs)  on  the  first  day  of  life.

Lower  margin

<5  �V  (n  =  44) ≥5  �V  (n  =  16) p-value

Perinatal  infection  9  (20%)  1  (6%)  0.192
Antenatal corticosteroids  37  (84%)  11  (69%)  0.189
Peripartum magnesium  sulfate  25  (57%)  8  (50%)  0.639
Vaginal delivery  14  (32%)  1  (6%)  0.043
Small for  gestational  age  15  (34%)  4  (25%)  0.503
Male sex  27  (61%)  6  (38%)  0.100
Gestational  age  (weeks)a 27.8  ±  2.3  30.4  ±  1.6  <0.001

Gestational  age
24 weeks  3  (7%)  0  (0%)
25---26 weeks  10  (23%)  0  (0%)
27---28 weeks  13  (29%)  4  (25%)
29---30 weeks 13  (29%)  3  (19%)
31---32 weeks 5  (11%) 9  (56%)

PPV at  birth  34  (77%)  8  (50%)  0.041
Intubation at  birth  13  (30%)  2  (13%)  0.177
Hypothermiab on  admission  18  (41%)  5  (31%)  0.496
SNAPPE II  ≥  40  14  (32%)  2  (13%)  0.135
Caffeine use  19  (43%)  5  (31%)  0.345
Fentanyl infusion  4  (9%)  0  (0%)  0.212

PPV, positive pressure ventilation; SNAPPE II, Score for Neonatal Acute Physiology, Perinatal Extension, Version II.

a Mean ± standard deviation.
b Hypothermia: axillary temperature <36 ◦C.
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SNAPPE  II  ≥  40  vs.  GA,  respectively).  It  may  be  due  in  part
o  the  more  intense  depression  of  brain  electrical  activity
n  the  presence  of  structural  or  biochemical  changes  in  the
entral  nervous  system,  which  are  common  in  critically  ill
atients,  as  indicated  by  SNAPPE  II  ≥  40.22,24 Therefore,  a
ower  margin  <3  �V  on  the  first  day  of  life  may  indicate
rain  function  abnormalities  in  preterm  infants,  whereas  a
ower  margin  between  3  and  5  �V  is  more  strongly  associated
ith  infant  maturity.  Indeed,  a  lower  margin  between  3 and

 �V  in  infants  with  GA  <  26  weeks  was  considered  normal  by
urdjalov  et  al.9

The  incidence  of  seizures  in  the  present  study  (3%)  was
imilar  to  that  observed  by  Lloyd  et  al.  (5%),28 using  a  multi-
hannel  EEG.  However,  Shah  et  al.,29 using  a  two-channel
EEG,  found  electrographic  seizures  in  13.7%  of  the  mon-
tored  infants.  The  present  study  and  that  of  Lloyd  et  al.
nitiated  the  monitoring  as  soon  as  possible  after  birth,  while
hah  et  al.  started,  on  average,  at  the  end  of  the  first  day
f  life  (22  h),  with  different  windows  for  seizures  incidence
nd  diagnosis.

The  present  study  has  limitations,  particularly  regard-
ng  its  observational  cross-sectional  design.  The  duration
f  monitoring  of  brain  electrical  activity  ranged  between
80  and  1650  min;  thus,  the  baseline  tracing  might  not  be
ully  established  in  patients  monitored  for  a  shorter  period.
here  was  a  loss  of  newborns  eligible  for  the  study  due
o  the  lack  of  equipment  and  other  technical  problems.  It
s  notable  that  these  problems  occurred  at  random,  which
ikely  decreased  the  possibility  of  bias.  The  aEEG  tracings
ere  analyzed  visually  and  not  with  software,  which  would
ave  increased  the  accuracy  of  the  obtained  values  of  the
ower  and  upper  margins.  However,  because  lower  mar-
ins  were  compared  categorically  (with  cutoffs  at  3  �V and

 �V),  the  visual  classification  of  this  variable  did  not  affect
he  results.  Finally,  the  tracings  were  analyzed  by  a  sin-
le  researcher.  To  overcome  this  limitation  and  increase  the
ccuracy  of  the  reading,  each  record  column  was  analyzed
ndividually,  paying  attention  to  the  occurrence  of  artifacts
nd  excluding  the  period  in  which  artifacts  were  observed.

In  conclusion,  factors  such  GA,  mode  of  delivery,  and  the
linical  severity  of  preterm  infants  are  associated  with  elec-
roencephalographic  tracing  characteristics  in  first  day  of
ife;  they  should  be  considered  and  discussed  when  seeking

 standard  of  normality  and  characterizing  abnormalities  in
his  group  of  patients  during  clinical  aEEG  monitoring.
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