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Jeśus López-Herce, Cristina Garcı́a, Antonio Rodŕıguez-Ńuñez∗, Pedro Doḿınguez,
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Abstract

Objective:To analyse the final outcome of cardiorespiratory arrest (CRA) in children and the neurological and functional state of survivors
at 1 year.
Methods:An 18-month prospective, multicentre study analysing out-of-hospital and in-hospital CRA in children was carried out; 283 children
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between 7 days and 17 years of age were included. CRA and resuscitation data were registered according to Utstein style. The outco
were: sustained return of spontaneous circulation (initial survival), and survival at 1 year (final survival). The status of survivors was
by means of the paediatric cerebral performance category (PCPC) scale and the paediatric overall performance category (POP
Paediatric Intensive Care Unit discharge, at hospital discharge, and at 1 year follow-up.
Results:In 283 children, 311 CRA episodes, 73 respiratory arrests (23.5%) and 238 cardiac arrests (76.5%) were analysed. Sevente
suffered more than one CRA episode (range: 2–6). The initial survival was 60.2% and 1-year survival was 33.2%. The final sur
significantly higher in respiratory arrest than in cardiac arrest patients (70.0% versus 21.1%) (P < 0.0001). After 1 year follow-up, 87.3% o
patients had scores 1 or 2 on the PCPC scale and 84.0% had scores 1 or 2 in the POPC scale; these results indicate that 1 year a
majority of survivors had normal neurological and functional status or showed only mild disability.
Conclusions:Prognosis of CRA in children continues to be poor in terms of survival but quite good in terms of neurological and fu
status among survivors. Additional strategies and efforts are needed to improve the short-term prognosis of paediatric CRA. Ho
long-term outcome of survivors is reassuring.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Infantil La Paz, Madrid), Antonio Rodrı́guez-Ńuñez (Hospital Cĺınico Universitario, Santiago), Jose A. Alonso (Hospital Virgen de la Salud, Toledo),
Melendo (Hospital Miguel Servet, Zaragoza), Corsino Rey (Hospital Central de Asturias, Oviedo), Teresa Hermana (Hospital de Cruces, Baracaldosefina
Cano (Hospital Virgen del Rocı́o, Sevilla), Francisco Romero (Servicio de Urgencias 061, Jaén), Servando Pantoja (Hospital Puerta del Mar, Cádiz), Carlos
Lucena (061 de Almerı́a), Pere Plaja (Hospital de Palamós, Gerona), Ana Concheiro (Hospital San Juan de Dios, Barcelona), Alvaro Dı́az (Hospital de Tarrasa
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1. Introduction

Cardiorespiratory arrest (CRA) mortality remains very
high both in adults[1–5] and children[6–10]. Besides the
mortality, short- and long-term morbidity, and specifically,
neuro-psychological status of patients after resuscitation, is a
main concern. Some studies, restricted to adult patients, have
assessed the long-term prognosis after CRA[2,11], the neuro-
psychological disabilities and the quality of life of survivors
[12]. There are few studies including a significant number of
subjects that have analysed the survival of children who expe-
rienced CRA[9,10]. Until to the present some retrospective
investigations have been done to assess the long-term neu-
rological outcome of resuscitated children[13–18], but only
one prospective work that evaluated the long-term progno-
sis and sequelae of paediatric in-hospital CRA, in a single
centre, is available[9].

We have carried out a prospective and multicentre study to
know the current characteristics of paediatric CRA in Spain
[19]. In this study, we report the long-term outcome of the
survivors with special focus on the final cerebral and general
performance status.

2. Patients and methods
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The survivors were evaluated on discharge from the PICU,
at hospital discharge, and at 1 year. The cerebral status was
assessed by means of the Glasgow–Pittsburg (PCPC) score
(Table 1) and general status by means of the Overall Perfor-
mance Categories (POPC) scale (Table 2), a six-point scale
comprising the following categories: 1 = normal or good; 2 =
mild disability; 3 = moderate disability; 4 = severedisability;
5 = coma or vegetative state; 6 = brain dead[21–23]. The sta-
tistical study was performed using the version 9 of the SPSS
software statistical program.

3. Results

From 1 April 1998 to 30 September 1999 we collected 311
CRA episodes, 73 respiratory arrest (23.5%) and 238 cardiac
arrest (76.5%), that occurred in 283 children, with a mean age
of 48 ± 54.4 months (range: 7 days to 17 years). Seventeen
children (7.1%) suffered more than one CRA episode (range:
2–6).

3.1. Short-term outcome

Return of spontaneous circulation (ROSC) was achieved
in 193 children (68.2%). ROSC was not sustained in 22
(7.8%) and sustained in 171 (60.4%). In 68 children spon-
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An invitation to participate was sent to all the Paediatric
ensive Care Units (PICU), Paediatric Departments and
f-hospital Emergency Medical Systems in Spain[20]. A
rotocol was drawn up in accordance with the Utstein s
uidelines[21,22]. Patients aged from 7 days to 18 ye
ere eligible for the study if they had presented with
iratory arrest (RA), defined as the absence of respir
equiring assisted ventilation, or cardiac arrest (CA), defi
s the absence of a palpable central pulse, unresponsiv
nd apnoea or severe bradycardia of less than 60 bpm
oor perfusion in infants requiring external cardiac comp
ions and assisted ventilation[21,22]. Patients both with ou
f-hospital and in-hospital cardiorespiratory arrest were
luded. Neonates admitted to Neonatal Intensive Care
ere excluded.

able 1
aediatric cerebral performance category (PCPC) scale

cale Category Description

Normal Normal: at age-appropriate
Mild disability Conscious, alert, and able to

but grade perhaps not appro
Moderate disability Conscious; appropriate fu

activities; sufficient cerebra
attending special education

Severe disability Conscious; dependent on
impaired as to unable to atte

Coma or vegetative state Any degree of coma with
with out interaction with env
by verbal stimuli); possibility

Brain death Apnoec, areflexic, and/or e
s

chool-age child attending regular school classroom
ct at age-appropriate level; school-age child attending regular school
for age; possibility of mild neurological deficit (eg. seizure disorder)
ng below age; neurological disease that is not controlled and seve
on for age-appropriate independent activities of daily life; school-ag
om and/or learning deficit present

for daily support because of impaired brain function; school-age child
ool
presence of all brain death criteria unawareness, even if awake in

nt; cerebral unresponsiveness and no evidence of cortex function (no
e reflexive responsive, spontaneous eye-opening, and sleep-wake c
ncephalographic silence

aneous ventilation was restored (Fig. 1).
In the assessment of the neurological status at the e

ardiopulmonary resuscitation (CPR), 8.2% of the pati
ere alert or responded to voice, 10.6%, reacted to ta
timulation, 34.0% did not respond but were pharmaco
ally sedated, and 48.6% were unresponsive to painful
lus without being sedated.

A total of 189 patients died (66.7%), 112 patients (39.
ied in the initial episode and 77 (27.2%) died later (3
rst 24 h after CRA, 23 between 1 and 7 days, 17 in hos
fter 7 days, and 4 after hospital discharge) (Fig. 1). Mortal-

ty was significantly lower in RA than in CA after the initi
pisode (12.3% versus 45.0%) as well as at 1 year (final

ality) (27.3% versus 79.9%) (P < 0.0001). The main cau
f death was unresponsiveness to initial attempts of CP
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Table 2
Paediatric overall performance category (POPC) scale

Scale Category Description

1 Good PCPC normal; normal age-appropriate activities; medical and physical problems do not interfere with
normal activity

2 Mild disability PCPC mild, minor chronic physical or other medical problems minor limitations present but are compatible
with normal life; preschool-age child has physical disability consistent with future independent functioning
an can perform more than 75% of age-appropriate activities of daily living

3 Moderate disability PCPC moderate; limiting medical and physical conditions, preschool-age child cannot perform most-age-
appropriate activities of daily living; school-age child can perform most activities of daily living but is
physically disabled

4 Severe disability PCPC severe; preschool-age child cannot perform most-age-appropriate activities of daily living: school-
age child is dependent on others for most can activities of daily living

5 Coma or vegetative responsive PCPC coma/vegetative state
6 Death

112 patients (59.2%), brain death in 29 (15.3%), multiple or-
gan failure in 32 (16.9%), unresponsiveness to repeated CPR
attempts in 9 patients (4.7%), and decision not to start CPR
in case of a new CRA episode in 7 (2.6%).

On discharge from the PICU and from the hospi-
tal, the neurological and performance status was assessed
in 95 patients (97% of those discharged from hospital)

(Tables 3 and 4). At that time 83–86% of survivors had normal
functional and neurological status or showed only mild dis-
ability (scores 1 or 2 on both scales), and 13–16% of patients
showed moderate or severe disability (scores 3–5 on both
scales). Of the children who suffered RA, 88.0% had a good
neurological and performance status or presented with mild
disability at hospital discharge, versus 75.0% of CA patients.
Fig. 1. Paediatric Utstein temp
late for outcome of patients.
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Table 3
PCPC scale at PICU discharge, hospital discharge and at 1 year

Score PCPC at PICU
discharge

PCPC at hospital
discharge

PCPC at 1 year

95 patients 95 patients 65 patients
1 73 (76.8%) 74 (77.8%) 54 (83.0%)
2 6 (6.3%) 5 (5.2%) 2 (3.0%)
3 5 (5.2%) 6 (6.3%) 4 (6.1%)
4 3 (3.1%) 3 (3.1%) 2 (3.0%)
5 8 (8.4%) 7 (7.3%) 3 (4.6%)

At hospital discharge, 5.9% of the RA children and 15.8% of
CA children had severe neurological alterations (scores 4 or
5 on both PCPC and POPC scales).

Of the 16 patients with moderate-severe deficit at PICU
discharge (PCPC scores 3–5), four had a previous severe en-
cephalopathy that had not worsened after the CRA, and other
five patients with mild-moderate disabilities (PCPC scores
2–3) had slight to moderate previous encephalopathy that
did not change in three cases (Table 5).

3.2. Long-term outcome

During the year after hospital discharge four patients died.
At hospital discharge these four patients were rated with
PCPC and POPC level 1 in one case, with PCPC and POPC
level 4 in another case, and with PCPC and POPC level 5 in
two instances. At 1 year follow-up 94 patients (33.2%) were
alive and data from 65 of patients were obtained (71.4%).
Follow-up was lost in the 26 remaining (28.6%). At hospital
discharge, the scores of lost patients were: PCPC and POPC
level 1 in 22 cases; PCPC and POPC level 2 in two cases;
PCPC and POPC level 5 in two cases.

At 1 year evaluation most of children analysed presented
with a good neurological and performance status (86% were
rated with scores 1 or 2 in the PCPC scale and 83% were rated
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No correlation was found between neurological and per-
formance status at 1 year follow-up and type of arrest, place of
arrest, life support duration or immediate post-resuscitation
neurological status.

4. Discussion

As far as we know, this is the first prospective multicen-
tre study that analyses the long-term functional outcome of
in-hospital and out-of-hospital CRA in children. Only one
previously published study, done in a single centre, has anal-
ysed in-hospital paediatric CRA following the Utstein style,
including long-term outcome aspects[9]. Survival of paedi-
atric CRA has been dismal in most studies in the past; how-
ever, the crude long-term survival in this study has been 33%,
a figure slightly higher than previously reported in other se-
ries[6,8–10,24,25].

In our study, follow-up of the survivors showed that pa-
tients who were discharged from the PICU had a low mortal-
ity during the following year. More importantly, even though
PCPC and POPC scales do not have enough sensitivity to
detect subtle neurological disabilities, the majority of sur-
vivors had a long-term good functional and neurological sta-
tus with no or only mild disability. This status should permit
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ith scores 1 or 2 in the POPC scale) (Tables 3 and 4). The
year score was unchanged in all the patients with sco
r 2 in both scales at hospital discharge.

No patient showed an impairment of functional or n
ological status after hospital discharge. Only one patie
oma at PICU discharge (PCPC and POPC score 5) sh
ome recovery of the neurological status up to a score
uring the hospital stay, and to level 2 at the 1 year as
ent. In the patients with pre-existing encephalopathy

hange in their previous status was detected (Table 5).

able 4
OPC scale at PICU discharge, hospital discharge and at 1 year

core POPC at PICU
discharge

POPC at hospital
discharge

POPC at 1 yea

95 patients 95 patients 65 patients
72 (75.8%) 72 (75.8%) 52 (80.0%)
6 (6.3%) 6 (6.3%) 2 (3.0%)
4 (4.2%) 5 (5.2%) 6 (9.2%)
5 (5.2%) 5 (5.2%) 2 (3.0%)
8 (8.4%) 7 (7.3%) 3 (4.6%)
he reintegration of patients and families to normal life
s encouraging in terms of the expected quality of life.

Survival without sequelae in our study was higher t
he figures reported for adults[1,2] and was comparable wi
he results of other paediatric studies[9,15–17]. Final sur-
ival and neurological status at 1 year follow-up was be
n children who had suffered a RA than in those who
ered a CA. It is remarkable that after the hospital disch
he changes in functional or neurological state were min
Fig. 2). No patient developed new sequelae and all m
ained their scores over time, with the exception of a c
ho improved his neurological status slightly.
Our results are in concordance with those reporte

orisberger et al. in a retrospective study that include
hildren; in this series, four children died after hospital
harge, 54% of the survivors had normal neurological st

ig. 2. Patients with PCPC and POPC scores 1 or 2 (normal or mild di
ty) at hospital discharge and at one year (values in percentages of p
nalysed).



J.Ló
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Table 5
Characteristics and evolution of children with moderate-severe disability

Age Sex Diagnosis Site of arrest Arrest Life support
total time
(min)

Post-resuscitation
neurological status

PCPC
previous

PCPC
PICU

PCPC
hospital

PCPC
1 year

Evolution

5 year F Respiratory failure PICU RA <5 Sedated with drugs 1 3 3 3 Moderate disability
12 month M Preterm, hypoxic-ischaemic encephalopathy,

broncho-pulmonary dysplasia
Primary health care RA 20–29 Do not respond to

stimulus
4 4 4 + Dead one month after hospital

discharge due to infection
4 year 6 month F Hurler’s disease, aortic stenosis, pneumonia PICU CA 10–19 Do not respond to

stimulus
4 4 4 4

20 month M Foreign body airway obstruction In-hospital CA 20–29 Sedated with drugs 1 5 5 5 Persistent vegetative state
27 month F Severe cranial trauma (motor vehicle accident) Out-of-hospital (road) CA 10–19 Do not respond to

stimulus
1 5 5 5 Persistent vegetative state

13 year M Polimalformative syndrome, moderate
encephalopathy, pulmonary hypertension,
difficult airway

PICU CA 5–9 Sedated with drugs 3 3 3 3 Similar to the present prior to
the arrest

7 month F Down’s syndrome, congenital heart disease,
respiratory obstruction

PICU CA 30–60 Sedated with drugs 3 4 4 4 Hypertonia, seizures, few
external contact

14 month M Intractable diarrhoea, severe malnutrition PICU RA 10–19 Sedated with drugs 2–3 5 5 + Vegetative state; sudden death
15 days after hospital
discharge

6 year M Drowning Out-of-hospital (pool) CA 30–60 Sedated with drugs 1 5 5 5 Persistent vegetative state
5 year M Holoprosencephaly, severe psychomotor delay,

ventriculo-peritoneal shunt malfunction
In-hospital RA 10–19 Do not respond to

stimulus
5 5 5 – Persistent vegetative state

12 year F Long QT syndrome, drowing Out-of-hospital
(swimming pool)

CA 10–19 Response to tactile
stimulus

1

12 year M Severe aortic stenosis and syncope, VF after
physical activity

Out-of hospital (school) CA 20–30 Response to tactile
stimulus

1 5 3 3 Behaviour problems,
ypertonia, hyperreflexia,

14 year M Severe neonatal anoxic encephalopaty (persis-
tent vegetative state and spastic tetraparesis),
respiratory infection

In-hospital CA <5 Sedated with drugs 5 5 5 –

11 year M Fragile X syndrome, respiratory arrest after
seizure

PICU RA <5 Sedated with drugs 3 3 3 3

6 year F Cerebral palsy, respiratory arrest after seizure PICU RA 30–60 Sedated with drugs 3 3 3

16 year M Cystic fibrosis, cardiac arrest during lung
transplant

In hospital (operating
room)

CA 10–19 Sedated with drugs 1 3 3 2
h

–
8
5

83

clonus, dysmetria, tremor,
problems for reading and
writing

Similar to the present prior to
the arrest

Without sequelae

Similar to the present prior to
the arrest and disartria

Left hemiparesis and facial
palsy
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25% mild disability, 15% moderate disability, and 6.3%
showed severe disability[16]. At 1-year assessment, 77%
of the survivors had the same status as before to resuscitation
and, as in our study, 1-year PCPC scores did not differ from
status at hospital discharge[16]. The same finding has been
reported in other retrospective paediatric studies that included
fewer patients[13,17,18]. Shaffner et al. in an unpublished
study of 86 survivors of cardiac arrest reported sequelae in
28% of children[15]; they reported that site of arrest, time
elapsed from arrest to start of life support, duration of resusci-
tation, asystole as the initial rhythm, low Glasgow coma score
at 24 h and PaO2 less than 50 mmHg were the risk factors for
neurological sequelae. In our sample, despite the fact that
similar risk factors (out-of-hospital arrest, more than 8 min
elapsed from arrest to resuscitation attempts, total duration of
resuscitation longer than 20 min and asystole or slow initial
rhythms) were associated with mortality[19], they were not
clearly associated with long-term neurological status.

Suominen et al., in a retrospective study on 118 children
with in-hospital CRA, reported an 1-year survival of 17%.
Patients with respiratory arrest had a significantly higher sur-
vival (50%) than those with cardiac arrest (17.9%). When
risk factors were analysed, duration of resuscitation was the
only one associated with 1-year survival and with a good
neurological prognosis[10]. Our results are in concordance
a tion
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