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Abstract
Objective:  To  analyze  the  main  epidemiological  aspects  of  prehospital  and  hospital  pediatric
cardiopulmonary resuscitation  and  the  impact  of  scientific  evidence  on  survival.
Source of  data: This  was  a  narrative  review  of  the  literature  published  at  PubMed/MEDLINE
until January  2019  including  original  and  review  articles,  systematic  reviews,  meta-analyses,
annals  of  congresses,  and  manual  search  of  selected  articles.
Synthesis  of  data:  The  prehospital  and  hospital  settings  have  different  characteristics  and  prog-
noses. Pediatric  prehospital  cardiopulmonary  arrest  has  a  three-fold  lower  survival  rate  than
cardiopulmonary  arrest  in  the  hospital  setting,  occurring  mostly  at  home  and  in  children  under
1  year.  Higher  survival  appears  to  be  associated  with  age  progression,  shockable  rhythm,  emer-
gency  medical  care,  use  of  automatic  external  defibrillator,  high-quality  early  life  support,
telephone  dispatcher-assisted  cardiopulmonary  resuscitation,  and  is  strongly  associated  with
witnessed  cardiopulmonary  arrest.  In  the  hospital  setting,  a  higher  incidence  was  observed  in
children  under  1  year  of  age,  and  mortality  increased  with  age.  Higher  survival  was  observed

with  shorter  cardiopulmonary  resuscitation  duration,  occurrence  on  weekdays  and  during  day-
time,  initial  shockable  rhythm,  and  previous  monitoring.  Despite  the  poor  prognosis  of  pediatric
cardiopulmonary  resuscitation,  an  increase  in  survival  has  been  observed  in  recent  years,  with
good  neurological  prognosis  in  the  hospital  setting.

� Please cite this article as: Shimoda-Sakano TM, Schvartsman C, Reis AG. Epidemiology of pediatric cardiopulmonary resuscitation. J
Pediatr (Rio J). 2020;96:409---21.

�� Study conducted at Universidade de São Paulo (USP), Faculdade de Medicina, Hospital das Clínicas, Instituto da Criança,  São Paulo, SP,
Brazil.
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Conclusions:  A  great  progress  in  the  science  of  pediatric  cardiopulmonary  resuscitation  has  been
observed, especially  in  developed  countries.  The  recognition  of  the  epidemiological  aspects
that  influence  cardiopulmonary  resuscitation  survival  may  direct  efforts  towards  more  effective
actions;  thus,  studies  in  emerging  and  less  favored  countries  remains  a  priority  regarding  the
knowledge  of  local  factors.
© 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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Epidemiologia  da  ressuscitação  cardiopulmonar  pediátrica

Resumo
Objetivo:  Analisar  os  principais  aspectos  epidemiológicos  da  ressuscitação  cardiopulmonar
pediátrica pré-hospitalar  e  hospitalar  e  o  impacto  das  evidências  científicas  na  sobrevida.
Fonte de  dados:  Revisão  narrativa  da  literatura  publicada  Pubmed/Medline  até  janeiro  de  2019,
inclusive artigos  originais  e  de  revisão,  revisões  sistemáticas,  metanálises,  anais  de  Congresso,
além  de  busca  manual  dos  artigos  selecionados.
Síntese  dos  dados:  Os  cenários  pré-hospitalar  e  hospitalar  apresentam  características  e
prognósticos distintos.  A  parada  cardiorrespiratória  pré-hospitalar  pediátrica  apresenta  sobre-
vida  três  vezes  menor  do  que  a  hospitalar,  ocorre  em  sua  maioria  nas  residências  e  nos  menores
de  um  ano.  A  maior  sobrevida  parece  estar  associada  a  progressão  da  idade,  ritmo  chocável,
atendimento  por  serviço médico  de  emergência,  uso  de  desfibrilador  externo  automático,
suporte básico  de  vida  precoce  de  alta  qualidade  e  orientação  de  ressuscitação  cardiopul-
monar via  telefônica  por  atendente  e  está  fortemente  associada  com  parada  cardiorrespiratória
presenciada. No  cenário  hospitalar,  observou-se  maior  incidência  em  menores  de  um  ano  e
mortalidade  crescente  com  a  idade.  Maior  sobrevida  foi  observada  quanto  menor  duração  da
ressuscitação  cardiopulmonar,  ocorrência  em  dias  da  semana  e  período  diurno,  ritmo  chocável
inicial  e  monitorização  prévia.  Apesar  do  prognóstico  reservado  da  ressuscitação  cardiopul-
monar pediátrica,  observou-se  nos  últimos  anos  incremento  da  sobrevida  com  bom  prognóstico
neurológico  no  cenário  hospitalar.
Conclusões: Houve  grande  avanço na  ciência  da  ressuscitação  cardiopulmonar  pediátrica,
especialmente em  países  desenvolvidos.  O  reconhecimento  dos  aspectos  epidemiológicos  que
influenciam  a  sobrevida  da  ressuscitação  cardiopulmonar  pode  direcionar  esforços  para  ações
mais  efetivas.  Assim,  a  pesquisa  em  países  emergentes  e  menos  favorecidos  persiste  como
prioridade  no  conhecimento  de  fatores  locais.
©  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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ardiopulmonary  resuscitation  (CPR)  as  it  is  currently  known
chest  compressions  and  artificial  ventilation)  was  devel-
ped in  1960;  since  then,  medical  entities  have  been  working
n the  progress  of  resuscitation  science  and  in  programs  to
isseminate this  procedure,  including  the  training  of  health-
are professionals  and  lay  people.  Despite  major  advances,
ediatric cardiopulmonary  arrest  (CPA)  still  has  a  poor  prog-
osis. Although  in  recent  years  there  has  been  a  trend
owards increased  survival  of  in-hospital  pediatric  CPA  in
eveloped countries,  this  has  not  been  observed  in  prehos-
ital CPA,  where  the  morbidity  and  mortality  rates  remains
igh.1,2

Factors  associated  with  CPA  survival  remain  a  topic  of

reat interest  in  the  literature,  which  mainly  addresses
dults in  developed  countries.2 The  epidemiological  aspects
ssociated with  pediatric  CPA  are  less  clear  and  differ  from
hose in  adults  regarding  etiology  and  prognosis.3,4
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The  main  CPR  topics  that  must  be  studied  were  high-
ighted in  a recent  publication  by  the  International  Liaison
ommittee on  Resuscitation  (ILCOR),  an  entity  that  dis-
usses the  science  of  CPR  and  brings  together  specialists
rom several  countries.5 This  document  stressed  the  need
or studies  focusing  on  the  epidemiology  of  pediatric  CPA
o detect  variables  that  can  influence  survival  and  neuro-
ogical prognosis.  The  Utstein  style,  developed  in  1990  by
LCOR, aims  to  standardize  terms  and  definitions  for  data
ollection during  CPA  and  CPR,6 and  has  since  become  the
nternational standard  for  research  data  collection  in  this
eld.

In 2004,  the  Utstein  style  was  revised,  aiming  to  decrease
ts complexity,  adapt  the  variables  to  the  science  of
esuscitation,7 and  unify  the  hospital  registry  of  CPA  in

dults and  children.  Since  then,  there  has  been  a  signifi-
ant increase  in  resuscitation  registries  and  clinical  trials
n several  regions,  notably  in  the  United  States,  Europe,
sia, Australia,  and  Japan.8 Increasing  data  have  allowed
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Table  1  Characteristics  of  pre  hospital  CPA  according  to  age  range.

Overall  Infants  Children  Adolescents  Adults

Incidence  (100,000  cases/year)  3.3-8.0  65.5---72  3.7  6.3  50---64.7
30-day  survival  (%) 8.1 1.4---2.6  7.8---16.1  7.7---9.3  9.3
Survival-hospital  discharge  (%)  1.1-20  3.3  9.1  8.9  1.1---10.6
Favorable  neurological  prognosisa (%)  1-12  1-2  4  11---16  2---10.7
Public  place  (%)  7-12  4  14  22---45  16
CPR  in  the  community  (%)  6---48.8  37  40  28  19
Initial  rhythm  asystole  (%)  82---95  84  83  77  60
Initial  rhythm  VF  (%)  5---11.7  4  5---22  15---51.2  23---33.7
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a Studies evaluated 1 to 18 months after CPA.2,10,11,15,19,21

the  comparison  of  the  epidemiology  in  different  regions,2

CPA  therapeutics,  and  outcomes,9 in  addition  to  identifying
knowledge gaps  and  advancing  the  science  of  resuscitation.5

Therefore,  this  study  aimed  to  review  the  epidemiology
of pediatric  CPR,  highlighting  the  possible  factors  associ-
ated with  CPA  prognosis  and  survival  trends.  Due  to  the
heterogeneity of  the  studies,  the  authors  chose  to  perform
a narrative  review  to  interpret  the  literature.  The  post-CPR
period was  excluded  from  this  review,  due  to  its  peculiar
characteristics.

As the  epidemiology  of  pediatric  prehospital  and  in-
hospital CPA  is  distinct,  this  review  will  present  the  factors
associated with  these  two  different  scenarios.

Prehospital cardiopulmonary arrest

Prehospital  CPA  is  rare  in  children  and  adolescents,  occurring
in 2.28  to  8.04/100,000,  in  contrast  to  adults,  occurring  in  50
to 126.57/100,000,  and  is  associated  with  high  mortality  and
severe neurological  sequelae.10---12 Pediatric  CPA  accounts  for
only 1.5  to  2.2%  of  total  CPAs,  according  to  recent  Asian13

and  American14 registry  publications,  respectively.
The  survival  in  CPA  in  the  prehospital  and  in-hospital

settings is  distinct  and  varies  according  to  region  and
country.2,15---17 A  European  registry  in  adults  observed  that
66% received  CPR  prior  to  prehospital  care  and  10.3%  had
survival at  hospital  discharge,18 similar  to  that  found  in  a
multicenter North-American  study  that  included  adults  and
children.15

A  systematic  review  including  adults  and  children  dis-
closed a  wide  variation  in  the  incidence  and  outcome
of CPA  across  the  continents,  with  the  highest  incidence
in North  America  (54.6/100,000)  and  the  lowest  in  Asia
(28.3/100,000). The  lowest  survival  rate  at  hospital  dis-
charge was  reported  in  Asia  (2%),  compared  with  Europe
(9%), North  America  (6%),  and  Australia  (11%).2 This  result
can be  attributed  to  the  diversity  among  populations  with
distinct comorbidities,  emergency  medical  service  (EMS),
definitions, study  methodologies,  local  telecommunications
system, incidence  of  VF  as  the  initial  rhythm,  and  registry
differences.

The neurological  prognosis  in  pediatric  prehospital  CPA

is very  guarded.  An  American  pediatric  study  showed  an
overall survival  at  discharge  of  8.6%,  with  31%  showing  good
neurological prognosis.19 In  Japan,  the  overall  survival  after
one month  was  8%,  and  good  neurological  prognosis  after

b
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ne  month  was  observed  in  1%  of  infants,  2%  of  children,
nd 11%  of  adolescents.10 A pediatric  study  involving  sev-
ral Asian  countries  showed  an  overall  survival  with  good
rognosis of  3.7%.13

The  standardization  of  the  CPA  data  collection  recom-
ended by  the  Utstein-style  allowed  the  identification  of

ariations between  communities  and  countries  regarding  the
ealthcare system,  survival  chain  quality,  patient-related
actors, and  CPA  data  collection.

The  factors  associated  with  survival  in  prehospital  pedi-
tric CPA  have  been  the  subject  of  many  studies  and  will  be
iscussed below.

ge

n  pediatric  patients,  most  CPA  events  occur  in  those  younger
han 1  year  (44---64%),10,11,20 and  the  incidence  in  this  age
ange is  close  to  that  of  adults.

A  Swedish  prospective  study  including  adults  and  chil-
ren (n  =  40,503)  observed,  at  shockable  rhythms,  higher
urvival rates  after  one  month  in  those  younger  than  18
ears (24.5%),  intermediate  in  adults  aged  18---35  years
21.2%), and  lower  rates  in  adults  older  than  35  years
13.6%; p  <  0.003),  a  pattern  similar  to  that  observed  in
on-shockable rhythms  (3.8%,  3.2%,  and  1.6%,  respectively,

 <  0.0001).  One-month  survival  rates  were  2.6%  in  neonates,
.8% in  children,  and  24.5%  in  adolescents  when  the  initial
hythm was  shockable.  In  non-shockable  rhythms,  one-
onth survival  was  3.8%  in  children,  3.2%  in  young  adults,

.6% in  adults  (older  than  35  years).21 Pediatric  multicen-
er studies  have  shown  the  same  trend,  with  lower  survival
n infants  (1.4---3.7%),  followed  by  children  (3.6---9.8%)  and
dolescents (8.9---16.3%).11,13,20,22

In  Japan,  a  prospective  observational  study  disclosed
ore favorable  outcomes  in  children,  when  compared  with

dults, with  a  survival  rate  of  8%  versus  5%  and  good  neu-
ological function  in  2%  versus  1%,  respectively.  In  the
ame study,  survival  with  good  neurological  prognosis  was
bserved in  1%  of  infants,  4%  of  children,  and  11%  of
dolescents.10 Table  1  presents  the  main  characteristics  of
rehospital CPA  in  different  age  groups.10,11,15,19,21---28

The  better  survival  rates  observed  in  adolescents  can

e attributed  to  a  set  of  factors,  such  as  the  higher
ccurrence in  public  places,  greater  likelihood  of  being
itnessed, increased  prevalence  of  VF  (ventricular  fibrilla-

ion)/VT pulseless  (ventricular  tachycardia)  initial  rhythm,
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Fig.  1  Pediatric  Chain  of  Surviva

nd  increased  chance  of  automatic  external  defibrillator
AED) use.

Although the  incidence  and  outcomes  of  prehospital  CPA
iffer according  to  age,  the  variables  associated  with  this
bservation are  not  fully  understood.

lace of occurrence

urvival  at  hospital  discharge  after  CPA  that  occurred  in  a
rehospital setting  is  approximately  three  times  lower  when
ompared within-hospital  CPA,  due  to  delayed  recognition
nd treatment.17,29

Most  pediatric  prehospital  CPA  events  occur  at  home,  and
heir occurrence  in  public  places  increases  with  age,  ranging
rom 22%  to  45%  in  adolescents.10,30

Some  locations  may  show  a  peculiar  survival  rate  due  to
he availability  of  AED  and  trained  teams.  A  study  carried  out
t  40  international  airports  disclosed  a  32%  survival  rate  for
dults.31 The  São  Paulo  subway  system,  in  Brazil,  achieved  a
3% survival  rate  at  hospital  discharge  in  adults,  a  significant
gure in  the  pre  hospital  setting.32

The  occurrence  of  CPA  in  public  places,  which  are  more
ikely to  be  witnessed,  associated  with  the  availability  of
ED and  community  trained  in  CPR,  can  positively  influence
urvival.

itnessed CPA and early CPR

he  key  elements  of  the  pediatric  survival  chain  include
n integrated  sequence  of  events:  prevention,  early  CPR,
MS activation,  advanced  life  support  (ALS),  and  post-CPR
are33,34 (Fig.  1).  Despite  the  increasing  emphasis  on  early
PR, only  15---40%  of  prehospital  pediatric  CPA  in  developed
ountries undergo  such  maneuvers  in  the  community,  similar
o what  is  observed  adults.4,10,24,30

Most  pediatric  prehospital  CPAs  occur  at  home13,21,30;
hen there  are  trained  family  members,  this  is  an  opportu-
ity to  start  early  CPR.  Pediatric  CPA  followed  by  CPR  prior
o the  arrival  of  EMS  are  factors  strongly  associated  with  sur-
ival at  hospital  discharge,  with  good  neurological  prognosis
OR 4.74;  95%  CI:  1.49---15.05).35 Witnessed  pediatric  CPA
ccurs in  36---39.9%  of  the  cases  and  CPR  prior  to  the  arrival
f the  EMS  occurs  in  49---49.2%  of  cases.4,13,23,24,30,36,37

The  increased  survival  of  patients  with  chronic  diseases

ay be  an  opportunity  to  raise  awareness  and  disseminate
PR training  in  the  community,  focusing  on  strategic  indi-
iduals, such  as  family  members,  with  a  possible  impact  on
ediatric CPA  prognosis.

o
s
T
6

he  American  Heart  Association.33

tiology

nlike  adults,  in  which  cardiac  causes  are  frequent,38 the
ain etiologies  of  prehospital  CPA  in  children  are  sudden

nfant death  syndrome  (20---60%),  trauma  (19---53%),  and  res-
iratory causes  (4---41%).4,19,35,39

In  a  study  analyzing  prehospital  pediatric  CPA  admitted  to
he intensive  care  unit  (ICU),  it  was  observed  that  patients
ho presented  a  cardiac  etiology  showed  survival  with  a
ood neurological  prognosis  in  65%  of  cases,  in  contrast  to
9% when  the  etiology  was  non  cardiac  (OR  6.40;  95%CI:
.65---24.76).35

Sudden  death  is  one  of  the  most  frequent  causes  in
nfants40 and,  in  these  circumstances,  the  cardiac  cause
s probably  underestimated,  since  the  cardiovascular  eti-
logy, such  as  channel  opathies,41 which  are  hereditary
iseases characterized  by  alteration  in  ion  channels  causing
reater susceptibility  to  arrhythmias,  may  be  present  and
ndiagnosed.21

Survival  in  pediatric  trauma  victims  (n  =  2,299)  is  very
ow, around  1.1%  at  hospital  discharge,  and  only  0.3%  have

 good  neurological  prognosis.19 In  turn,  in  cases  of  drown-
ng, survival  at  discharge  reaches  22.7%,  of  whom  6%  have

 good  neurological  prognosis.4,11 Among  the  variables  that
ffect the  outcome  of  drowning,  submersion  duration,  water
emperature, and  early  start  of  CPR  are  noteworthy.  Sur-
ival with  intact  neurological  function  has  been  described
n prolonged  submersion  in  freezing  waters.42

Although  the  etiology  can  influence  prognosis,  the  cause
f pre  hospital  CPA  is  often  presumed  and  difficult  to  con-
rm.

elephone EMS dispatcher-assisted CPR
uidance

espite  the  importance  of  early  CPR  in  the  community,  only
ne-third to  one-half  receives  CPR  in  prehospital  CPA.43

hus,  the  role  of  the  EMS  dispatcher  through  telephone-
ased CPR  guidance  may  be  relevant.

An  observational  study  on  prehospital  pediatric  CPA  in
apan found  that,  when  compared  with  its  absence,  spe-
ialized telephone  guidance  increased  the  rate  of  CPR
erformed in  the  community  (68.7%  vs.  27.8%),  mouth-
o-mouth ventilation  (43.6  %  vs.  18.4%),  and  one-month
urvival (19%  vs.  11.2%);  however,  no  significant  effect  was

bserved on  the  neurological  outcome.44 A  more  recent
tudy in  the  same  country  corroborated  previous  findings.
elephone-based guidance  increased  CPR  (OR  7.51;  95%  CI:
.60---8.57) and  favorable  neurological  outcome  after  one
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month  when  compared  with  non-CPR  performance  (OR  1.81;
95%CI: 1.24---2.67).43

Thus,  as  the  CPR  performed  in  the  community  is  a  funda-
mental link  in  the  pediatric  survival  chain,  telephone-based
guidance has  the  potential  to  trigger  early  CPR  and  may
increase survival,  with  a  good  neurological  prognosis.

Emergency medical service care

Prehospital  CPA  care  by  EMS  appears  to  be  associated  with
longer survival.13,45 A  pediatric  study  observed  an  associa-
tion with  longer  survival  after  interventions  in  a  prehospital
environment, such  as  fluid  administration  (OR  1.73;  95%
CI: 1.07---2.80)  and  attempts  via  intraosseous  or  intravenous
route (OR  2.40;  95%  CI:  1.20---4.81).  As  for  the  acquisition
of advanced  airway,  it  was  not  associated  with  survival  (OR
0.69; 95%  CI:  0.43---1.10),  and  drug  use  was  associated  with
worse prognosis  (OR  0.24;  95%  CI:  0.15---0.39).20 In  turn,  in  a
pediatric study  carried  out  in  Asian  countries,  the  acquisition
of advanced  airway  was  positively  associated  with  survival
at hospital  discharge  in  children  younger  than  13  years  (OR
3.35; 95%  CI:  1.23---9.13).13

Consequently,  there  is  still  no  consensus  on  which  maneu-
vers, in  addition  to  high-quality  chest  compressions  and  AED
use, should  be  part  of  prehospital  CPR.  Studying  each  of  the
possible prehospital  interventions  that  may  impact  survival
is desirable,  but  difficult  to  perform  due  to  the  difficulty  in
obtaining the  number  of  cases  of  pediatric  CPA  with  statis-
tical power.

Rhythm

Non-shockable  rhythms  are  those  most  often  observed  in
prehospital pediatric  CPA;21,30,46 asystole  is  identified  in
39---78% and  PEA  (pulseless  electrical  activity),  in  10---31%  of
patients.4,13,23,35,44

Shockable  rhythms  are  present  in  approximately  35%
of adults21;  their  frequency  is  lower  in  pediatric  patients
and varies  with  age  (5---11%  in  children  and  19---21%  in
adolescents).20,44 Shockable  rhythm  has  been  identified  as
one of  the  factors  strongly  associated  with  survival  in
prehospital CPA  in  adults  and  children.10,19,21,23,30,35 A  ret-
rospective pan-Asian  prehospital  pediatric  study  involving
974 children  under  17  years  also  observed  this  association
(OR 20.29;  95%CI:  9.45---43.57).13

Although  shockable  rhythms,  which  are  associated  with
better survival,  are  uncommon  in  the  pediatric  age  group,
this age  group  has  higher  survival  than  adults;  the  factors
that determine  this  outcome  remain  unclear.

Early defibrillation

Rapid  defibrillation  is  critical  for  the  survival  of  patients
with VF;  consequently,  the  routine  use  of  AED  is  indi-
cated in  all  prehospital  CPA  according  to  the  resuscitation

guidelines.8,33,47 A study  including  children  aged  1---17  years
found that  shockable  rhythms  were  less  frequent  in  children
younger than  8  years  than  in  adults  (11.6%  vs.  23.7%),  and
the use  of  AED  was  16.3%  in  children  younger  than  8  years

i

i
t

413

ersus  28.3%  in  adults.28 Other  studies  have  confirmed  this
bservation.13,22,30,45

The  availability  of  AED  in  public  places  associated  with
asic life  support  (BLS)  training  showed  a  strong  association
ith survival,  with  good  neurological  prognosis  in  children

n a  Japanese  study  (OR  5.13;  95%  CI:  2.64---9.96)44 and  in
n Australian  study  (OR  4.74;  95%  CI:  1.49---15.05).  In  this
tudy, BLS  training  was  associated  with  a  tenfold  increase  in
PR and  AED  use  in  the  community,  and  increased  survival
o high  with  good  neurological  prognosis,  from  42%  to  64%  in
he same  period.35

Despite  the  increasing  acknowledgement  of  the  impor-
ance of  BLS  and  early  defibrillation,  transposing  the
ecommendation into  effective  dissemination  in  the  com-
unity remains  a  major  challenge.

uality of basic life support

he  principles  of  high-quality  BLS  include:  minimizing
ompression interruption,  avoiding  hyperventilation,  main-
aining adequate  compression  frequency  and  depth,  and
llowing full  chest  return.47 Based  on  the  2005  resuscitation
uidelines,48 there  is  an  increasing  emphasis  on  the  impor-
ance of  BLS,  because  high-quality  CPR  may  be  associated
ith longer  survival.45,49---52

In  shockable  rhythms,  a  high  compression  fraction  (pro-
ortion of  time  devoted  to  chest  compression  during  CPR)
as associated  with  higher  survival  in  adults  (OR  3.01;  95%
I: 1.37---6.58).49 The  depth  of  the  compressions  (higher  than
8 mm)  in  adults  was  associated  with  survival  at  hospital
ischarge (OR1.45;  95%  CI:  1.20---1.76).51 However,  most  of
hese studies  were  performed  in  adults  and  in  pediatric  in-
ospital CPA.

Several aspects  of  BLS  have  been  evaluated.  A  pre-
ospital CPA  study  in  adults  evaluated  the  rate  of  chest
ompression and  found  an  association  with  the  return  of
pontaneous circulation  (ROSC);  OR  0.78;  95%  CI:  0.66---0.92,

 <  0.003),  but  not  with  survival  at  hospital  discharge  (OR
.82; 95%  CI:  0.63---1.07,  p  <  0.14).49

A  multicenter  prospective  study  found  several  oppor-
unities for  improvement  in  prehospital  pediatric  CPR,
s it  detected  poor  adherence  (22---58%)  to  CPR  quality
arameters.45 Another  relevant  parameter  is  appropriate
entilation, as  hyperventilation  reduced  coronary  perfusion
p =  0.03)  and  survival  (p  =  0.006),  even  in  teams  trained  in
nimal models.53,54

Adequate  depth  of  compressions  was  observed  in  only  58%
f CPR  in  pediatric  patients,  and  no  association  with  ROSC
as observed.45 Animal  studies  suggest  that  chest  compres-

ion discontinuation  results  in  an  abrupt  fall  in  coronary
erfusion, and  several  chest  compressions  are  required  to
esume adequate  coronary  perfusion  pressure.55

Full  chest  return  at  the  end  of  the  compression  allows
he reduction  of  intrathoracic  pressure,  favoring  preload
nd coronary  perfusion,  in  addition  to  allowing  passive  air

ntake, fundamental  factors  to  achieve  ROSC.56

There  is  evidence  that  high-quality  BLS  is  associated  with
ncreased survival;  therefore,  efforts  to  expand  opportuni-
ies for  improvement  in  the  prehospital  setting  are  essential.
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n-hospital CPA

he  standardization  of  the  pediatric  Utstein  style  occurred
n 1995,57 and  encouraged  the  creation  of  CPR  registries
nd databases.  One  example  is  the  National  Registry  of
ardiopulmonary Resuscitation  (NRCPR),  which  started  in
000to collect  prospective  data  at  various  hospitals  in  the
nited States,58 with  the  primary  objective  of  improving
PR quality.  This  registry  provided  a  robust  database  for
he development  of  evidence-based  guidelines,  as  well  as
ata comparison  across  hospitals  and  implementation  of
mprovement strategies.  In  2010,  the  NRCPR  was  incor-
orated into  the  Get  With  The  Guidelines----Resuscitation
egistry  (GWTG-R)  program  to  facilitate  the  registration,
nalysis, implementation,  and  dissemination  of  the  guide-
ines, as  well  as  evidence-based  practice.8

In-hospital  pediatric  CPA  studies  show  a  wide  variabil-
ty regarding  prognosis,  which  can  be  explained  by  regional
ifferences, study  design,  studied  population,  hospital  char-
cteristics  and  sector,  rapid  response  team  performance,
nd post-resuscitation  care,  among  others  (Table  2).

The  Utstein  style  stimulated  the  research  on  in-hospital
ediatric CPR,  and  the  first  pediatric  study  applying  this
tandardization was  developed  in  Brazil.59 In  a  prospective
ulticenter observational  study  that  included  adults  and

hildren in  emergency  services,  it  was  observed  that  most
hythms during  CPA  were  non-shockable  and  survival  at  hos-
ital discharge  was  higher  in  children  than  in  adults  (27%  vs.
8%, OR  2.29;  95%  CI:  1.95---2.68).60 In  turn,  a  more  recent,
ulticenter retrospective  study  using  the  same  database  as

he previous  study  found  that  survival  at  hospital  discharge
as similar  between  adults  and  children  (23%  vs.  20%).61

Considering  the  different  hospital  sectors,  survival  at
ospital discharge  was  observed  in  13.7---47%  in  pediatric  ICU
tudies,62---64 12.8%  in  multicenter  studies  in  pediatric  emer-
ency services,65 and  37---39.2%  when  considering  all  hospital
ectors.66,67

Studies  evaluating  survival  at  hospital  discharge  in  less
avored countries  are  scarce.  In  India,  survival  at  hospital
ischarge was  14.5%,  with  77.1%  having  a  good  neurological
rognosis.68 In  Brazil,  a  database  analysis  showed  a  survival
ate of  32.8%  at  discharge  in  a  tertiary  university  pediatric
ospital.69

In  a  tertiary  university  hospital  in  Africa,  with  limited
esources, including  shortage  of  trained  staff,  equipment
defibrillator), medications,  and  ICU  beds,  mortality  was
00% within  24  h.  The  infectious  etiology  (malaria,  sepsis)
ssociated with  peculiar  comorbidities  (HIV  and  malnutri-
ion) contributed  to  this  scenario,  which  impair  all  patient
are (pre-,  during,  and  post-CPR).70

Table  2  describes  the  outcomes  of  in-hospital  pediatric
PA.29,37,60,63,64,68---86 One-year  survival  ranged  from  11.1  to
4.5% among  the  studies.59,68,71---74 Several  factors  may  be
ssociated with  in-hospital  pediatric  CPA  survival  and  will
e discussed  below.

ge
he  age  range  appears  to  influence  the  incidence  of  in-
ospital CPA.  A  retrospective  cohort  study  found  a  higher
ncidence in  infants  under  1  year,  when  compared  with  chil-
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ren  and  adolescents  (0.79/1,000  vs.  0.56/1,000).  Despite
he higher  incidence  in  this  age  group,  infant  mortality
46.8%) was  significantly  lower  than  in  the  other  groups:  1
o 2  years,  3  to  5years,  6  to  11  years,  and  12  to  17  years  of
ge (58.8%,  57.7%,  64.8%,  and  70%,  respectively).1

A  multicenter  study  carried  out  in  a  pediatric  ICU
bserved a  survival  rate  of  27%  at  hospital  discharge  in  the
eonatal period,  36%  in  infants,  19%  in  children  aged  1  to  8
ears, and  16%  in  children  older  than  8  years.63 Lower  sur-
ival was  obtained  in  a  pediatric  tertiary  center,  with  17.8%
n infants,  7.5%  in  children  aged  1  to  4  years,  and  3.4%  in
hildren older  than  8  years.69 Both  studies  showed  lower
urvival with  advancing  age.

Analyses  of  long-term  survival  are  scarce.  A  multicen-
er study  indicated  a  one-year  survival  of  52.4%  in  children
ounger than  1  year,  43.4%  in  those  aged  1  to  4  years,  41.7%
n those  aged  5  to  12  years,  and  41%  in  those  aged  >13
ears.87

Therefore,  age  appears  to  be  a  determining  factor  in
rognosis; however,  the  factors  associated  with  this  obser-
ation are  yet  to  be  clarified.

PR duration

ome  authors  have  observed  that  the  duration  of
ediatric in-hospital  CPR  was  inversely  related  to
urvival.42,59,82,84,87---89 A  negative  association  was  observed
etween CPR  duration  and  survival  (OR  0.95;  95%  CI:
.91---0.98). In  prospective  study  carried  out  in  a  pediatric
ertiary hospital  in  Brazil  using  the  Utstein  style.59 A
ediatric prospective  study  in  the  ICU  observed  survival  at
ospital discharge  with  CPR  lasting  less  than  3  min  of  66%
nd lasting  longer  than  30  min  of  28%.84 A  multicenter  reg-
stry showed  a  2.1%  per  minute  drop  in  survival  at  hospital
ischarge with  CPR  lasting  less  than  15  min  and  a  1.2%  per
inute drop  in  the  favorable  neurological  outcome.88 In

urn, studies  including  prolonged  pediatric  CPA  (longer  than
0---35 min)  showed  a  favorable  neurological  prognosis  in
0---89% of  cases.84,88

The  longer  the  CPR  duration,  the  longer  the  low  car-
iac output  period,  with  potential  organ  damage.  Increased
urvival at  hospital  discharge  with  favorable  neurological
rognosis despite  prolonged  duration  has  a  multifactorial
ause; the  best  quality-CPR  and  advances  in  post-CPA  care
re likely  the  determining  factors.

ime and day of the week

he  influence  of  the  time  and  day  of  week  on  the  out-
ome of  CPA  has  been  evaluated  by  some  authors.  A  study
n adults  observed  higher  survival  at  daytime  on  weekdays
20.6%; 95%  CI:  20.3---21%),  when  compared  with  night  time
nd on  weekends  (17.4%;  95%  CI:  16.8---18%);  OR  1.15;  95%  CI:
.09---1.22).90 A  pediatric  multicenter  study  also  found  lower
urvival rates  at  hospital  discharge  at  night  time,  when  com-
ared  with  daytime  (OR  0.88;  95%CI:  0.80---0.97;  p  <  0.007).91

The  difference  in  the  patient  care  processes  between

aytime and  nighttime,  such  as  lower  nurse/patient  ratio,
resence of  less  experienced  professionals,  greater  possibil-
ty of  error,  and  reduced  psychomotor  skill  performance  may
xplain  these  results.90
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Table  2  Characterization  of  studies  on  in-hospital  pediatric  CPA.

Author  Country  Year  Study  type  Number  of
patients

Place  ROSC(%)  High  survival  (%)  Survival  with  good
neurological
prognosis (%)

One-year
survival
(%)

Slonin62 United  States 1997  Prospective 205  ICU  NA  13,7  NA  NA
Suominen71 Finland  2000  Retrospective 118  Hospital  62.7  19.5  12.7  17.8
Reis59 Brazil  2002  Prospective 129  Hospital  64  16.2  15  14.7
Guay72 Canada  2004  Retrospective 203a Hospital  73.8  40.8  23.4  26
Rodríguez-Nuñes37 Spain 2006 Prospective 116  ICU  59.5  35.3  31  34.5
Tibballs73 Australia  2006  Prospective 111  Hospital  76  36  NA  34
Nadkarni60 United  States  and  Canada 2006  Prospective 880  Hospital  52  27  18  NA
de  Mos75 Canada  2006  Retrospective 91  ICU  82  25  18  NA
Meaney63 United  States 2006  Prospective 411  ICU  48.9  21.4  14  NA
Wu76 Taiwan 2009  Retrospective 316  Hospital  72.2  20.9  15.5  NA
Meert77 United  States 2009  Retrospective 353b Hospital  ND  48a 46a NA
Olotu78 Kenya 2009  Prospective 114c Hospital  ND  15.7%  PCR ND  NA
Berens79 United  States 2011  Retrospective 257  Hospital  56.8  31.1  19.8  NA
Girotra29 United  States 2013  Retrospective 1031  Hospital  34.8  61  NA
López-Herce80 Spain  2014  Prospective 200  Hospital  74  41  77.9  NA
Berg81 United  States 2013  Prospective 5870  events Hospital  72  39  95  NA
Zeng74 China  2013  Prospective 174  Hospital  62.1  28.2  86  12.1
RIBEPCI82 Multinational  2013  Prospective 502  Hospital  69.5  39.2  34.8  NA
Straney83 Australia,  NewZealand 2015  Prospective 677  ICU  NA  63.7  NA  NA
Rathore68 India  2016  Prospective 314  Hospital  64.6  14  77  11.1
Berg84 United  States 2016  Prospective 139  ICU  65  45  89  NA
Gupta85 United  States 2017  Retrospective 154  ICU  100  66,6  94,3  NA
Andersen86 United  States 2017  Prospective 182  Hospital  ND  53,8  NA  NA
Sutton64 United  States 2018  Prospective 164  ICU  90  47  75,7  NA
Shimoda-Sakano,  Annals69 Brazil  2018  Prospective 220  Hospital  70,1  28,7  NA  NA
Edward-Jackson70 Malawi  (Africa) 2019  Prospective 135  Hospital  6  0  0  0

(Update and adaptation by Lopez Herce, with permission). NA, not available.
a Includes apnea patients, 55 CPA patients.
b Not including all CPA patients, only those with sustained ROSC.
c Includes newborns and children with apnea and CPA.
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16  

Hospital  inpatient  units  need  to  develop  mechanisms  that
llow the  improvement  and  standardization  of  CPR  care
egardless of  the  time  and  day  of  the  week.

rug administration

pinephrine  is  the  most  significant  drug  used  during  CPR.
espite its  frequent  use,  its  effectiveness,  safety,  and  ade-
uate dosage  are  not  fully  known.92 Epinephrine  has  been
sed in  CPR  since  1960  due  to  the  effect  of  increased
oronary and  cerebral  perfusion  pressure  and  increased
ossibility of  ROSC  and  survival  at  hospital  admission.93

owever,  it  might  reduce  microcirculatory  flow,  favor
rrhythmias, and  decrease  cerebral  blood  flow.92

Studies  comparing  epinephrine  versus  placebo  use  found
hat the  drug  increases  ROSC  (RR  3.09;  95%  CI:  2.82---3.89;

 =  8,469)  and  survival  at  discharge  (RR  1.44;  95%  CI:
.11---1.86; n  =  8,538).92,94,95 However,  when  considering  the
eurological prognosis,  no  difference  was  observed  between
he conventional  dose  of  epinephrine  and  placebo  (RR  1.22;
5%CI: 0.90---1.92).94,95

Another  aspect  of  interest  was  the  use  of  high  doses
ompared to  conventional  doses  of  epinephrine  in  pedi-
tric CPA.96,97 In  a  prospective  randomized  pediatric  study
onducted in  Brazil,  it  was  found  that  the  use  of  high-
ose epinephrine  after  the  conventional  dose  reduced
4 h  survival  in  children  (OR  for  death:  7.9;  97.5%  CI:
.9---72.5; p  =  0.08).96 A  Cochrane  review  analyzing  the  use
f epinephrine  in  pediatric  CPA,  when  evaluating  the  use  of
he standard  dose  of  epinephrine  compared  with  high  doses
n pediatric  CPA,  failed  to  observe  significant  differences  in
OSC (RR  1.13;  95%  CI:  0.73---1.73),  24  h  survival  (RR  1.04;
5% CI:  0.76---1.43),  and  survival  at  discharge  (RR  1.54;  95%
I: 0.17---13.66).92

The  timing  of  first  dose  administration  has  been  the  sub-
ect of  a  recent  study  and  appears  to  be  of  relevance  for  the
utcomes.98 A  pediatric  in-hospital  CPA  study  found  that,
ith non-shockable  rhythms,  delayed  epinephrine  adminis-

ration was  associated  with  lower  chance  of  ROSC  (RR  per
inute of  delay:  0.97;  95%  CI:  0.96---0.99),  reduced  survival

t hospital  discharge  (RR  per  minute  of  delay:  0.95;  95%  CI:
.93---0.98), and  neurological  prognosis  worsening  (RR  per
inute of  delay:  0.95;  95%  CI:  0.91---0.99).99

The  interval  between  epinephrine  doses  during  CPR  is
nother important  aspect.  A  pediatric  study100 obtained  a
igher survival  at  hospital  discharge  in  patients  receiving
pinephrine at  intervals  longer  than  three  to  five  min-
tes (longer  than  five  and  shorter  than  eight  minutes,  OR
.81; 95%  CI:  1.26---2.59  and  8---10  min,  OR  2.64;  95%  CI:
.53---4.55); 3---5  min  is  the  interval  recommended  by  the
urrent 2015  resuscitation  guidelines.

The  number  of  epinephrine  doses  during  PCR  was
nversely associated  with  shorter  12-month  survival.  The
dministration of  more  than  four  epinephrine  doses  was
ndependently associated  with  shorter  one-year  survival  (OR
.52; 95%  CI:  0.30---0.92).87
Epinephrine  remains  the  most  commonly  used  drug  in  CPA
or increasing  the  rate  of  ROSC;  however,  its  influence  on
ong-term survival  and  neurological  prognosis  has  yet  to  be
roven.
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onitoring at the time of the event

re-CPR  monitoring  influences  CPA  survival  in  adults  and
hildren. A  retrospective  study  in  adults  compared  survival
t discharge  in  places  with  and  without  telemetry  (car-
iac) monitoring  and  found  rates  of  20.8%  versus  16.1%,
espectively.90 A  pediatric  study  also  observed  a  lower  mor-
ality rate  when  CPA  occurred  in  a  monitored  environment
OR 0.51;  95%  CI:  0.30---0.87,  p  =  0.01).86

The  occurrence  of  CPA  in  emergency  services,  that  is,
n places  with  lower  monitoring,  is  more  frequent  in  less
avored countries,  probably  due  to  the  scarcity  of  ICU  beds.
ediatric CPA  in  the  ICU  has  better  survival  at  discharge
hen compared  to  other  hospital  sectors  (OR  0.38;  95%  CI:
.15---0.86),82 possibly  due  to  appropriate  monitoring,  resul-
ing in  early  detection  and  intervention  in  the  presence  of
linical deterioration  signs.

In  Japan,  there  was  a  higher  incidence  of  CPA  in  pediatric
ards compared  to  the  American  database  (27%  vs.  14%),
emonstrating a  shortage  of  ICU  beds;  however,  there  was
o significant  difference  in  outcome.101

Monitoring  allows  the  early  diagnosis  and  early  onset  of
PR, with  a  likely  favorable  impact  on  the  outcome  of  pedi-
tric CPA.

PR quality monitoring

he  assessment  of  the  quality  and  performance  of  CPR
as allowed  advances  in  science  and  clinical  practice.  The
se of  new  technologies  has  allowed  the  monitoring  of
PR parameters  during  care,  and  their  use  in  clinical  prac-
ice is  recommended  whenever  available.102 CPR  monitoring
ategories can  be  classified  into  physiological  (patient-
ependent) and  CPR  performance  (resuscitator-dependent).

CPR  guidelines  recommend  uniformity  of  chest  compres-
ions according  to  age  range,  but  this  approach  does  not
ssess the  individual  response  to  CPR  efforts.52 Thus,  adjust-
ng CPR  quality  to  physiological  parameters  through  invasive
emodynamic assessment  (invasive  blood  pressure  and  cen-
ral venous  pressure  monitoring)  and  expired  CO2 (EtCO2)
hrough capnography  may  increase  survival.102---107

Data  on  pediatric  CPR  quality  are  limited  so  far,  and  rec-
mmendations are  based  on  expert  consensus.102 The  value
f EtCO2appears  to  be  directly  associated  with  pulmonary
ow, cardiac  output  and  survival.  The  consensus  on  CPR
uality recommends  control  of  the  performance  to  achieve
tCO2 >20  mmHg,  based  on  experimental  studies  and  limited
ata in  adults.102 A  recent  review  has  emphasized  that  the
tCO2’s  evolution  value  can  be  more  reliable  than  its  static
alue during  CPR.103 Therefore,  although  all  pediatric  CPR
uidelines recommend  the  use  of  capnography  during  PCA  as

 measure  of  compression  quality,  no  pediatric  studies  have
stablished its  true  role.

Observational  studies  analyzing  diastolic  blood  pressure
uggest an  association  with  coronary  perfusion  pressure.  A
ecent pediatric  publication  suggests  that  chest  compres-
ions may  target  minimal  diastolic  pressure  and  correspond

o a  performance  measure  that  may  determine  CPR
utcome.104 In  this  study,  survival  at  hospital  discharge  was
0% more  frequent  when  the  diastolic  blood  pressure  was
reater than  or  equal  to  25  mmHg  in  infants  and  greater
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than  or  equal  to  30  mmHg  in  children  older  than  one  year.
Thus, based  on  animal  studies  and  limited  data  in  adults  and
children, it  is  reasonable  to  use  physiological  parameters  to
monitor and  maximize  CPR  quality.105

High-quality  CPR  is  also  considered  one  of  the  deter-
minants of  survival  in  both  prehospital  and  in-hospital
settings.106 A  study  in  adults  found  that  when  chest  com-
pressions were  less  than  100/minute,  there  was  a  reduction
from 72%  to  42%  in  ROSC.102 In  turn,  a  pediatric  study
found that  compression  rates  of  80---100/min  (lower  than
that recommended  by  current  guidelines),when  compared
with 100---120/min,  led  to  higher  survival  at  discharge  (RR
1.92; 95%  CI:  1.13---3.29,  p  =  0.017)  and  better  neurological
prognosis (RR  2.12;  95%  CI:  1.09---4.13,  p  =  0.027).64

The  control  of  CPR  physiological  and  quality  parameters
is promising  and  may  represent  a  change  from  conventional
care, where  pre-established  quality  parameters  are  recom-
mended. Further  studies  are  required  to  clarify  the  real  role
of CPR  quality  parameters  and  their  respective  target  val-
ues.

Initial rhythm

The  initial  rhythm  has  been  associated  with  the
prehospital10,30 and  in-hospital60,74,87 CPA  outcome.  In
a study  that  analyzed  the  first  documented  rhythm,  survival
at discharge  in  shockable  rhythms  was  higher  in  children
than in  adults,  24%  versus  11%  (OR  2.73;  95%  CI:  2.23---3.32),
respectively.60

Although  shockable  rhythms  are  not  frequent  in  children,
the presence  of  VF  or  pulseless  VT  as  the  initial  rhythm
represented higher  chances  of  sustained  ROSC  (more  than
20 min;  64.7%  vs.  39.1%,  p  <  0.046)  and  higher  survival  at
hospital discharge  (58.8%  vs.  21.7%,  p  <  0.02)89 when  com-
pared to  asystole  and  PEA.  One-year  survival  was  64.7%  in
those with  shockable  rhythms,  56.5%  in  PEA,  and  16.7%  in
asystole.87

The  better  prognosis  in  shockable  rhythms  involves  their
greater reversibility  potential.  Therefore,  focusing  efforts
on early  CPR,  shockable  rhythm  recognition,  and  rapid  defib-
rillation should  remain  a  priority.

Immediate cause and underlying disease
category

In-hospital  pediatric  CPA  occurs  mostly  in  patients
with chronic  diseases,  accounting  for  71%  to  90.9%  of
cases.59,82,87,89 The  chronic  disease  category  may  be  influ-
enced by  the  analyzed  region  and  may  be  associated  with
higher or  lower  mortality.  In  India,  for  instance,  malnutrition
was found  in  65%  of  pediatric  CPRs.68

The  prognosis  of  CPR  appears  to  be  influenced  by  the
associated chronic  disease.  In  an  international  multicen-
ter prospective  pediatric  study,  onco  hematological  (OR
3.33; 95%  CI:  1.60---6.98)  and  neurological  (OR  5.19;  95%CI:
1.49---18.73) diseases  led  to  higher  mortality.82
Children  with  congenital  or  acquired  heart  disease  rep-
resent a  higher  risk  group  for  CPA.85,108 A  multicenter  study
in cardiac  pediatric  ICUs  showed  that  the  prevalence  of
CPA in  non-surgical  vs.  surgical  heart  diseases  was  50%
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igher,  and  survival  was  lower  (37.7%  vs.  62.5%,  p  <  0.0001,
espectively).108

Regarding  the  most  common  preexisting  causes  of  pedi-
tric CPA,  an  American  registry  highlighted  respiratory
58%), shock  (36%),  and  heart  failure  (31%)  as  the  most
revalent causes.60 In  contrast,  a  study  in  India  identified
epsis (71%),  respiratory  diseases  (39.5%),  and  neurological
iseases (31.5%)  as  the  most  prevalent  causes.68

A  prospective  Brazilian  study  carried  out  in  a  tertiary
ediatric hospital  found  respiratory  diseases  as  the  main
ause (61%),  followed  by  shock  (29%);59 a  more  recent  study
t the  same  institution  found  a  change  in  this  distribution,
ith a decline  in  respiratory  causes  (56%)  and  an  increase  in

hock (43%).69

Some  studies  have  shown  that  conditions  preceding  the
ediatric CPA  were  associated  with  increased  mortality,  such
s hypotension  (OR  3.26;  95%  CI:  1.89---5.92,  p  <  0.001)  and
epsis (OR  2.45;  95%CI:  1.52---3.97;  p  <  0.001).86 Other  studies
einforced this  finding  by  observing  that  the  use  of  vasoac-
ive drugs68,89 (OR  4.47;  95%  CI:  1.72---9.37;  p <  0.001)68 and
hock preceding  the  CPA69,82,86 (OR  2.46;  95%  CI:  1.52---3.97,

 <  0.001)85 indicated  a  guarded  prognosis  at  CPR.
Variations in  the  etiology  of  CPA  may  reflect  improve-

ents in  respiratory  disease  prevention  and  care,  and  the
ssociation of  chronic  diseases  results  in  higher  mortality
rom shock.  Studying  the  role  of  each  category  of  chronic
isease in  the  incidence  and  prognosis  of  CPR  is  not  an  easy
ask, as  it  requires  large  multicenter  studies  with  a  large
umber of  patients.

rognostic trend for in-hospital pediatric CPA

ediatric  in-hospital  CPA  appears  to  exhibit  distinct  behav-
ors over  time.  When  analyzing  the  trend  of  pediatric
n-hospital CPA  in  the  United  States,  an  increase  was
bserved in  the  incidence  of  CPA,  from  0.57/1,000  in  1997
o 1.1/1,000  in  2012  (p  <  0.05),  with  a  decline  in  mortality
ver the  same  period,  from  51%  to  40%  (p  <  0.05).1 Con-
idering the  intensive  care  setting,  including  32  American
ervices, survival  at  hospital  discharge  after  pediatric  CPA
as 13.7%  in  the  1990s62 and  22%  in  the  2000s.63 A  similar

rend was  observed  in  other  countries,  such  as  Spain,  where
 significant  improvement  in  survival  (from  25.9%  to  41%  in
0 years)  was  observed,  most  of  them  with  a  good  neurolog-
cal prognosis.25,89 Data  from  a  Brazilian  tertiary  pediatric
ospital observed  an  increase  in  the  rate  of  ROSC  (64---70%)
nd survival  at  hospital  discharge  (19---32.8%)  in  15  years.59,69

The  trend  towards  increased  survival  in  pediatric  CPA
n several  services  and  countries  is  probably  the  result  of
ultiple efforts  involving  improved  quality  of  BLS,  ALS,  and
ost-CPA care  as  a  result  of  the  advancement  of  CPR  science.

onclusion

rehospital  pediatric  CPA  is  a  rare  event,  with  shorter  sur-
ival compared  to  the  in-hospital  setting  and  has  a  guarded
eurological prognosis.
Conversely, pediatric  in-hospital  CPA  has  a  longer  survival
han prehospital  CPA  due  to  early  recognition  associated
ith high-quality  BLS,  appropriate  ALS  and  post-CPR  care.

n recent  years,  a trend  towards  improved  pediatric  CPA
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urvival  has  been  observed  in  some  communities  and  hos-
itals, and  survival  with  good  neurological  prognosis  is  more
requent in  children  than  in  adults.

The  available  epidemiological  data  on  pediatric  CPA  are
articularly concentrated  in  countries  in  North  America,
urope, Asia,  and  Australia  that  participate  in  large  inter-
ational registries.  Improvement  in  pediatric  CPA  outcomes
epends on  efforts  to  clarify  factors  associated  with  better
urvival with  good  neurological  prognosis.  To  increase  the
nowledge in  this  area,  epidemiological  studies  in  pediatric
ospitals located  in  disadvantaged  areas  remain  a  research
riority and  are  fundamental  for  the  implementation  of  pre-
ention strategies,  improvements  in  CPR  performance,  in
ddition to  allowing  the  analysis  of  possible  regional  varia-
ions of  CPR  epidemiology  among  the  different  services  and
ountries.
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