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Factors associated with mortality in pediatric
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multicenter multinational observational study
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Abstract Purpose: To analyze
prognostic factors associated with in-
hospital cardiac arrest (CA) in chil-
dren. Methods: A prospective,
multicenter, multinational, observa-
tional study was performed on
pediatric in-hospital CA in 12 coun-
tries and included 502 children
between 1 month and 18 years. The
primary endpoint was survival at
hospital discharge. Univariate and
multivariate logistic regression anal-
yses were performed to assess the
influence of each factor on mortality.
Results: Return of spontaneous cir-
culation was achieved in 69.5 % of
patients; 39.2 % survived to hospital
discharge and 88.9 % of survivors
had good neurological outcome. The
pre-arrest factors related to mortality
were lower Human Development
Index [odds ratio (OR) 2.32, 95 %
confidence interval (CI) 1.28-4.21],
oncohematologic disease (OR 3.33,
95 % CI 1.60-6.98), and treatment

Introduction

Despite the advances in prevention, training in cardio-
pulmonary resuscitation (CPR), and early treatment of
cardiac arrest (CA), mortality after CA in children
remains very high [1-14]. Out-of-hospital and in-hospital

with inotropic drugs at the time of CA
(OR 2.35, 95 % CI 1.55-3.56). CA
and resuscitation factors related to
mortality were CA due to neurologi-
cal disease (OR 5.19, 95 % CI
1.49-18.73) and duration of cardio-
pulmonary resuscitation greater than
10 min (OR 4.00, 95 % CI
1.49-18.73). Factors related to sur-
vival were CA occurring in the
pediatric intensive care unit (PICU)
(OR 0.38, 95 % CI 0.16-0.86) and
shockable rhythm (OR 0.26, 95 % CI
0.09-0.73). Conclusions: In-hospi-
tal CA in children has a low survival
but most of the survivors have a good
neurological outcome. Some prog-
nostic risk factors cannot be modified,
making it important to focus efforts
on improving hospital organization to
care for children at risk of CA in the
PICU and, in particular, in other
hospital areas.

Keywords Cardiac arrest -
Cardiopulmonary resuscitation -
Resuscitation - Prognostic factors

CA in children can have different etiologies, resuscitation
characteristics, prognosis, and clinical course [1-14].

There are few prospective studies that have analyzed
the causes and risk factors that influence the prognosis of
in-hospital CA in children. All of them have been per-
formed in only one country (most with the same database
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of patients) and they have used different criteria of CA
and resuscitation [4, 6-8, 10, 13]. Previous studies have
shown that survival varies depending on the site of arrest,
underlying disease, initial electrocardiographic (ECG)
rhythm, and the duration of CPR [1-14].

However, there are no multicenter, multinational,
prospective studies on CA in children that have included
countries with distinct socioeconomic and healthcare
levels. The objective of the present study was to analyze
the factors affecting mortality and neurological outcome
of in-hospital CA in children.

Patients and methods

An open, multicenter, prospective study was designed and
information and an invitation to participate were sent to
the pediatric departments and pediatric intensive care
units (PICU) of hospitals of Latin American countries,
Spain, Portugal, and Italy. The study was approved by
local institutional review boards. Registration on the
website http://www.pcrpediatrica.com was necessary to
participate in the study.

A protocol was drawn up in accordance with the Ut-
stein style guidelines [15, 16]. Children aged from
1 month to 18 years who suffered in-hospital CA between
December 2007 and December 2009 were included. CA
was defined as unresponsiveness, apnea, absence of signs
of life, and absence of a palpable central pulse or bra-
dycardia of less than 60 bpm with poor perfusion in
infants, requiring external cardiac compressions and
assisted ventilation.

All data were entered via a secure, encrypted website
and were electronically submitted to the coordinating
center. That center performed a review to ensure data
quality, and site investigators were queried to complete
missing data and resolve discrepancies.

The following variables were included: patient-related
variables (age, sex, weight, cause of the arrest, existence of
a previous arrest, family and personal background); and
arrest and life support-related variables (type of arrest,
hospital area where arrest occurred, monitored variables,
assisted ventilation, vasoactive drugs administered before
the arrest, time elapsed from onset of arrest to initiation of
CPR maneuvers and procedures performed during resus-
citation, initial ECG rhythm, total duration of CPR,
hospital course, and clinical and neurological status at
hospital discharge according to the Pediatric Cerebral
Performance Category (PCPC) and Pediatric Overall
Performance Category (POPC) scales [17]). Variable
definitions were based on Utstein style guidelines [15, 16].

The Gross National Income (GNI), Human Develop-
ment Index (HDI), and infant and under-5 mortality of
each country were calculated from data published by the

World Bank [18], World Heath Organization (WHO)
[19], and Human Development Reports [20] during the
study years. Countries were divided into low, medium,
medium-high, and high GNI per capita using the Atlas
conversion factor (GNI national currency to the US dol-
lar/midyear population for year) [18]. The HDI is a
composite index measuring average achievement in three
basic dimensions of human development—a long and
healthy life, knowledge, and a decent standard of living.
Countries are classified as very high, high, medium, or
low HDI. Infant mortality and mortality in children under
5 years were classified as low (<10/1,000 live births in
the same year), medium (10-20/1,000 live births), and
high (>20/1,000 live births) [19].

The primary endpoint was survival at hospital dis-
charge. The secondary outcome measure was neurological
status at hospital discharge; a good neurological status
was defined as a PCPC score of 1 or 2 [17].

Statistical analyses were conducted using SPSS soft-
ware version 18.1 (SPSS Inc, Chicago, IL, USA).
Outcomes were compared between groups using the x>
test or Fisher’s exact test for categorical variables. Uni-
variate and multivariate logistic regression analyses were
performed to assess the influence of each one of the
factors on mortality. Two logistic regression models were
constructed including variables available before and
during the arrest. All individual factors with statistical
significance in the univariate analysis and P < 0.1 were
eligible for inclusion in the logistic regression model.
Adjusted odds ratios (OR) and 95 % confidence intervals
(CI) were calculated for each model. A P value less than
0.05 was considered significant.

Results

Forty-eight hospitals from 12 countries participated in the
study. The analysis included 563 episodes of in-hospital
CA in 502 patients. The flow diagram of the clinical
course of patients is shown in Fig. 1. Return of sponta-
neous circulation (ROSC) was achieved in 349 patients
(69.5 %), but 152 (30.3 %) patients died later in hospital.
A total of 197 (39.2 %) survived to hospital discharge

(Fig. 1).

Characteristics of countries, patients, and pre-arrest
clinical state

The characteristics of the patients and the countries and
their relationship with survival at hospital discharge
(univariate analysis) are summarized in Table 1. As the
three social indicators are almost identical we have only
included the HDI score.
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Patients

N=502

Sustained ROSC No ROSC:

N: 349 (69.5 %) N: 153 (30.5 %)

Died in hospital N: 152 (30.3 %)

Brain death: 23

Multi-organ failure: 41

New cardiac arrest: 50
Limitation of medical therapy: 38

Discharged alive
N: 197 (39.2 %) Neurological outcome: PCPC
Good: PCPC 1-2: 104 (88.9 %)
Poor: PCPC 3-6: 13 (11.1 %)
PCPC: 1-2: normal or mild disability

3-6: moderate disability to brain death

Fig. 1 Pediatric Utstein flow diagram of in-hospital cardiac arrest.
ROSC return of spontaneous circulation

The mean age was 44.7 + 58.5 months (range
1 month-18 years) and the mean weight was 15.2 £
16.2 kg (range 1-93 kg). The majority of patients were
boys and they presented a lower mortality than girls.
Children weighing less than 10 kg presented a lower
mortality, but in the multivariate analysis neither age nor
weight were found to be significant risk factors for
mortality.

Four hundred and three patients (80.3 %) had under-
lying diseases. In the multivariate regression analysis only
children with oncohematologic diseases presented a
higher mortality than the rest of children (Table 2).

Pre-arrest POPC and PCPC scores were available in
323 patients (64.3 %) and 96.7 % of those patients had a
good pre-arrest neurological status (PCPC score 1 or 2).
As the POPC and PCPC scores were nearly identical in all
patients, only the PCPC scores are shown. The pre-arrest
PCPC score was not related to survival in the multivariate
analysis.

At the time of onset of CA, 76.1 % patients were
being monitored, 55.2 % were on mechanical ventilation,
and 40.4 % were receiving vasoactive drugs. No differ-
ences in mortality were detected on comparing monitored
or ventilated patients with those not monitored or venti-
lated. In contrast, patients who were receiving vasoactive
drugs at the time of CA had a significantly higher mor-
tality than that those who were not receiving such
treatments.

Patients from European countries had a significant
lower mortality than those from Latin American coun-
tries. There was also a lower mortality among children
from very high and high HDI countries than among those
from medium HDI countries.

In the multivariate logistic regression analysis
(Table 2) the factors related to mortality were lower HDI,
oncohematologic disease, and treatment with inotropic
drugs at the time of onset of CA.

Characteristics of cardiac arrest and resuscitation

Table 3 summarizes the characteristics of the CA and of
resuscitation and the relationship with survival at hospital
discharge (univariate analysis).

Cardiac and respiratory diseases and sepsis were pre-
dominant causes of CA. Mortality due to CA in patients
with sepsis or neurological disease was higher than that of
CA in patients with other underlying diseases.

CA occurred in the PICU in 50 % of cases, in the
emergency department (ED) in 26.8 %, and in other
hospital areas in 23.2 %. Mortality due to CA occurring in
the ED was higher than that of CA occurring in any other
hospital area.

An ECG was recorded at the onset of the arrest in 432
(86 %) patients. Asystole and bradycardia were the most
frequent rhythms. Ventricular fibrillation (VF) or pulseless
ventricular tachycardia (VT) was present only in 6 % of the
cases. Mortality was higher in those patients who presented
asystole than in those presenting any other rhythm.

Resuscitation was initiated in less than 4 min in most
patients. This could explain why there were no differ-
ences in mortality according to the delay in the initiation
of resuscitation efforts.

Analysis of the relationship between mortality and
each one of the life support procedures performed
revealed that mortality was higher in children who
required epinephrine, bicarbonate administration, or vol-
ume expansion (Table 3). The non-ROSC and in-hospital
death rates increased as the duration of CPR increased
(P < 0.001) (Fig. 2).

Mortality among the 109 children with more than one
episode of CA (63.3 %) was slightly higher than that of
patients with only one episode of CA (60.5 %), P = 0.66.

Multivariate logistic regression analysis (Table 4)
found that underlying neurological disease and duration
of CPR more than 10 min were risk factors for mortality,
whereas CA in the PICU and initial VT or VF rhythms
were good prognostic factors.

Neurological outcome

The neurological status at hospital discharge was assessed
in 120 patients (60.9 %), and 88.9 % of them had a normal
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Table 1 Univariate analysis of mortality according to pre-arrest characteristics of the patients

Number of patients Mortality (%) Relative risk 95 % CI P
of mortality

Age

1-12 (months) 246 59.3 1

1-8 (years) 163 583 0.95 0.64-1.43 0.830
>8 years 93 68.8 1.51 0.91-2.51 0.110
Gender

Male 276 57.2

Female 222 64.4 1.35 0.94-1.94 0.100
Weight

<10 kg 293 56.7 -

>10 kg 207 67.1 1.56 1.08-2.27 0.020*
Previous pathological conditions

No 99 62.6 1

Yes 403 60.3 0.91 0.58-1.43 0.670
Heart disease 147 55.1 0.72 0.49-1.06 0.090
Oncohematologic disease 61 80.3 2.95 1.53-5.70 0.001*
Prematurity 44 59.1 0.93 0.49-1.74 0.810
Respiratory disease 98 55.1 0.75 0.48-1.17 0.200
Neurological disease 67 56.7 0.82 0.49-1.38 0.470
Digestive tract disease 38 68.4 1.43 0.71-2.92 0.320
Malformation 37 51.4 0.66 0.34-1.29 0.230
Renal 23 56.5 0.83 0.36-1.94 0.670
Malnutrition 87 59.8 0.95 0.59-1.52 0.840
Continent

Europe 253 53.8 1

America 249 67.9 1.81 1.26-2.61 0.001*
Human development index of the country

Very high or high 349 54.7 1

Medium 151 74.8 2.46 1.61-3.76 <0.001*
Previous PCPC score

1-2 315 57.3 1

>2 12 66.6 1.06 0 1
Previous CA

No 445 59.6 1

Yes 47 74.5 1.98 1.00-3.92 0.050

CA cardiac arrest, PCPC pediatric cerebral performance category, POPC pediatric overall performance category

* P <0.05

Table 2 Multivariate logistic regression analysis of mortality
according to pre-arrest characteristics of the patients

Odds ratio 95 % CI P value
Human development index 2.324 1.283-4.210 0.005
Oncohematologic disease 3.334 1.601-6.985 0.001
Previous treatment with 2.358 1.559-3.565 <0.001

inotropic drugs

neurological status or showed mild disability. Among 107
survivors who had both pre-arrest and discharge PCPC
scores, 89.2 % had a good neurological outcome or no
change from pre-arrest to hospital discharge.

Discussion

To our knowledge, this is the first prospective, multi-
center, multinational study that describes the outcome of

in-hospital CA in children according to the Utstein style
guidelines and analyses its prognostic factors.

A large number of patients, though probably not all of
whom suffered CA, were included from a wide range of
different hospitals in several countries, and this has
enabled us to obtain a representative sample of true in-
hospital CA in children.

Sustained ROSC was achieved in 69.5 % patients.
Secondary in-hospital mortality among the initial survi-
vors of CA was 43.5 % and survival at hospital discharge
was therefore 39.2 %. Our mortality figures are in a
similar range to those of reported national single-center
and multicenter studies in children [1-14, 21] (Table 5),
although very different hospitals from several countries
participated in the present study.

Continent, countries, and Human Development Index

In our study, children in European countries had a sig-
nificantly lower mortality than those in Latin American
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Table 3 Univariate analysis of mortality at hospital discharge according to cardiac arrest and resuscitation characteristics

Number of patients Mortality (%) Relative risk of mortality 95 % CI P value

Etiology of arrest

Cardiac 140 58.6 1

Respiratory 163 454 0.59 0.37-0.93 0.020%*
Sepsis 104 78.8 2.64 1.48-4.70 0.0017%*
Neurological disease 38 84.2 3.71 1.48-9.61 0.005%*
Trauma 11 455 0.59 0.17-2.02 0.400
Others 31 70 1.65 0.17-3.86 0.250
Unknown 10 50 0.71 0.19-2.55 0.590
Site of arrest

PICU 251 57.4 1

Emergency department 135 72.6 1.97 1.25-3.09 0.003*
Ward 43 60.5 1.13 0.59-2.20 0.700
Surgical theater 22 50 0.74 0.31-1.78 0.500
Other areas of hospital 44 0.58 0.25-1.33 0.200
Type of arrest

Respiratory 241 58.9

Cardiac 233 62.7 1.17 0.81-1.69 0.400
Previous treatment

Monitoring

Yes 382 60.5 1

No 93 63.4 1.13 0.71-1.81 0.590
Mechanical ventilation

Yes 277 62.1 1

No 48 70.8 1.48 0.76-2.89 0.250
Inotropic drugs

Yes 203 69.5

No 271 54.2 0.52 0.36-0.76 0.001%*
Time to initiation of CPR

<1 min 303 59.4 1

>1-4 min 122 62.3 1.13 0.73-1.74 0.580
4-10 min 18 61.1 1.07 0.40-2.85 0.890
10-20 min 4 50 0.68 0.09-4.92 0.700
>20 min 4 50 0.68 0.09-4.92 0.700
First cardiac rhythm

Asystole 206 66.0 1

Bradycardia 149 51.7 0.55 0.36-0.85 0.007
Pulseless electrical activity 49 61.2 0.81 0.43-1.55 0.530
Ventricular fibrillation or tachycardia 25 44 0.40 0.17-0.94 0.030%*
Atrioventricular block 3 0 0.00 1
Resuscitation maneuvers

Intubation

No 216 63.0 1

Yes 274 58.4 0.83 0.57-1.19 0.300
Adrenaline

0 doses 113 45.1 1

1 doses 86 384 0.76 0.43-1.34 0.340

2 doses 89 55.1 1.49 0.85-2.60 0.160
>3 doses 214 80.4 4.98 3.02-8.22 <0.001*
Bicarbonate

No 216 44.9 1

Yes 278 73.4 3.38 2.32-4.93 <0.001*
Atropine

No 404 61.1 1

Yes 81 59.3 0.92 0.57-1.50 0.750
Volume expansion

No 284 55.3 1

Yes 209 68.9 1.79 1.23-2.61 0.002%*
Total time of CPR

<5 min 143 32.9 1

6-10 min 96 52.1 222 1.30-3.78 0.003%*
11-20 min 98 74.5 5.96 3.36-10.57 <0.001*
21-30 min 59 79.7 8 3.88-16.49 <0.001*
>30 min 71 90.9 20.42 8.71-47.87 <0.001*
Unknown 24 70.8 4.96 1.92-12.79 0.001*

CI confidence interval, CPR cardiopulmonary resuscitation, PICU pediatric intensive care unit

* P <0.05
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Fig. 2 Relationship between the duration of cardiopulmonary
resuscitation and the return of spontaneous circulation (ROSC)
and survival (P < 0.001)

Table 4 Multivariate logistic regression analysis for mortality with
cardiac arrest and resuscitation characteristics

Odds ratio 95 % CI P value
Neurological etiology 5.194 1.499-18.731 0.010
Cardiac arrest in PICU  0.381 0.167-0.867 0.022
Initial cardiac rhythm 0.266 0.096-0.738 0.011
VF/pulseless VT
Duration of CPR more  4.009 1.499-18.731 0.010

than 10 min

CPR cardiopulmonary resuscitation, PICU pediatric intensive care
unit, VF ventricular fibrillation, VT ventricular tachycardia

countries. However, continent was not a significant risk
factor for mortality in the multivariate logistic regression
analysis. In contrast, patients in high HDI countries had a
lower mortality than those in medium HDI countries, and
this risk factor maintained its statistical significance in the
multivariate analysis. In addition, the percentage of chil-
dren who suffered CA in the ED in the medium HDI
countries was higher than in the rest of countries. Although
other factors could have influenced these results, the most
important causes in our opinion are a lack of organization
for in-hospital CA and a lack of intensive care beds in
those countries, together with a scarcity of material
resources and less preparedness of the teams to practice
CPR. It is therefore essential that each country and hospital
assesses its needs for PICUs and beds with monitoring and
surveillance. The development of specific programs of in-
hospital ‘chain of prevention’ [22] with rapid response
teams to prevent CA in patients outside the PICU is nec-
essary [23, 24]. These teams are more necessary and useful
in hospitals with a lower PICU bed availability [25].

Age and sex

The number of boys suffering CA was higher than the
number of girls, as has been found in other studies [1, 2,

11, 21]. Children weighing less than 10 kg presented a
lower mortality than those over 10 kg, as has been
reported by other authors [10, 21]. However, sex, age,
and weight were not found to be significant risk factors
in the multivariate study. It is possible that the etiology
of CA could have influenced the results, as respiratory
causes were more common in infants and oncohemato-
logic diseases more common in children. However
Meaney et al. [10] performed extensive comparisons of
mortality in in-hospital CA between children of differ-
ent age groups and they found that the survival
advantage persisted even after controlling for all
potentially confounding pre-arrest, arrest, and resusci-
tation variables.

Preexisting diseases, previous neurological status,
and previous treatment

Preexisting conditions were present in many patients
[3,9, 12, 21] but only hematologic and oncologic diseases
were identified as significant risk factors for mortality in
the multivariate analysis. This finding has also been
reported by other authors [11, 12, 21].

Pre-arrest neurological status was normal in most
patients, and pre-arrest PCPC score was not associated
with survival, as described by other authors [12].

Mortality was not higher among monitored patients on
mechanical ventilation (most of them in the PICU),
probably because the diagnosis of CA in these patients
was rapid and they did not require additional respiratory
maneuvers during resuscitation. On the other hand, chil-
dren who were receiving inotropic drugs at the time of
arrest did present a higher mortality, as has been reported
in other studies in adults and children [6, 9, 11, 26]. This
finding only indicates that these are the most severely ill
patients, with major hemodynamic disturbances, and they
therefore have a poorer prognosis even though they are in
intensive care units and receive early and adequate
resuscitation.

Characteristics of the cardiac arrest

Etiology of arrest

The most common causes of CA were respiratory and
cardiac diseases, coinciding with the findings of other
authors [7, 21]. However, in our study, sepsis was also a
very frequent cause of CA, much more common than in
other studies [7, 21]. Sepsis was more common in coun-
tries with a lower HDI, as found in a study in adults [25].
This finding is very important because sepsis was one of
the poorest prognostic factors in CA, [6] and it highlights
the importance of establishing measures for the early
diagnosis and treatment of sepsis [27].
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Table 5 Comparison between studies of in-hospital cardiac arrest in children

Author Country Years Type of Number of  Setting ROSC (%) Survival to  Good 1 year
study patients discharge neurological  survival

(%) survival (%) (%)
Slonim USA 1997  Prospective 205 PICU NA 13.7 NA NA
Suominen  Finland 2000  Retrospective 118 In-hospital  62.7 19.5 12.7 17.8
Reis Brazil 2002  Prospective 129 In-hospital 64 16.2 15 14.7
Guay Canada 2004  Retrospective  203* In-hospital ~ 73.8 40.8 23.4 26
Rodriguez-  Spain 2006  Prospective 116 PICU 59.5 35.3 31 34.5

Nufiez
Tibballs Australia 2006  Prospective 111 In-hospital 76 36 NA 34
Nadkarni USA and 2006  Prospective 880 In-hospital 52 27 18 NA
Canada
De Mos Canada 2006  Retrospective 91 PICU 82 25 18 NA
Meaney USA 2006  Prospective 411 PICU 48.9 21.4 14 NA
Wu Taiwan 2009  Retrospective 316 In-hospital  72.2 20.9 15.5 NA
Meert USA 2009  Retrospective  353° In-hospital NA? 48? 46° NA
Olotu Kenya 2009  Prospective 114° In-hospital NA 15.7, 0 % NA NA
in CA

Berens USA 2011  Retrospective 257 In-hospital  56.8 31.1 19.8 NA
RIBEPCI Multinational 2012 Prospective 502 In-hospital ~ 69.5 39.2 34.8 NA

CA cardiac arrest, NA not available, PICU pediatric intensive care
unit, ROSC return of spontaneous circulation

? Also includes patients with respiratory compromise, respiratory
arrest. Only 55 with CA

Site of arrest

While agreeing with other studies reporting that the majority
of CAs occurred in the PICU [2, 4, 7, 8, 11, 12, 21], it is
noteworthy that a higher percentage of children suffered CA
in the ED in countries with a lower HDI. This is an important
finding because CA in the ED had a higher mortality than
CA occurring in other hospital areas [28]. This may be
because emergency areas are probably less capable of
monitoring and treating patients who have still not been
adequately stabilized. In addition, it must be taken into
account that in some countries with few PICU beds, criti-
cally ill children are treated in the ED until they have room in
the PICU. This underlines the importance of having areas
for stabilization and monitoring in pediatric emergency
areas, with staff specifically trained to prevent and treat CA.

Rhythm

In our series, asystole was the most common initial docu-
mented cardiac rhythm in contrast to the findings of other
recent studies in children, in which bradycardia was more
frequent [7, 11, 21]. This suggests that the diagnosis of CA
in many patients was delayed. Only 6 % of our patients
presented shockable rhythms (VF and pulseless VT) ini-
tially, a percentage similar to other studies in children [2-4,
7,11, 12]. Shockable rhythms achieved significantly higher
survival rates in the multivariate analysis [2, 3, 11, 12, 21].

" Not all patients with CA were included. Only included patients
with sustained ROSC
¢ Includes neonates and children with respiratory and CA

Time to initiation of cardiopulmonary resuscitation

The time from the arrest to the initiation of resuscitation is
believed to be one of the main factors influencing survival
after out-of-hospital CA [4, 29]. In the case of in-hospital
CA the time to initiation of resuscitation is typically short
[12, 21] and this fact could explain why there were no
significant differences in prognosis according to the time
to initiation of resuscitation in this study. However, this
delay is one of the most difficult variables to record
accurately and these results should be interpreted with
caution.

Resuscitation maneuvers

Patients who required more advanced life support pro-
cedures and higher doses of epinephrine had higher
mortality [13, 22]. However, the most important resusci-
tation predictor of mortality was the duration of life
support measures [1-3, 11, 12]. In the multivariate study,
a total life support time longer than 10 min was identified
as a prognostic risk factor. This finding highlights
the importance of implementing early resuscitation
measures and could be an indicator of the need to
establish resuscitation with extracorporeal membrane
oxygenation in those hospitals in which this technique is
available.
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Clinical course

Patients who presented more than one episode of CA had
a slightly higher mortality, as has been reported in other
studies [1, 2, 12], although the difference did not reach
statistical significance in our study.

The majority of patients who survived had a good
neurological outcome although this could only be ana-
lyzed in 60 % of survivors. Survival without sequelae was
comparable with figures reported in other studies in
children [3-6, 8-10, 12, 14] (Table 5).

Our study has several limitations. It was a large,
multicenter, observational study, but it included very
different countries, hospitals, and investigators. One of
the most important problems in multicenter studies is to
ensure the validity of data. In our study two specific
pediatric intensivists acted as data managers and reviewed
each datum included and they checked for inconsistent
and missing data. Although our study analyzed a signifi-
cant number of patients, the figures from some hospitals
and countries were low. Thus it was not possible to
compare CA and resuscitation between countries and
hospitals. Moreover, although we requested that all cases
of CA be included, a selection bias could have occurred in
two ways: the selection of cases with good results or else
the most complicated cases with poorest outcomes. The
heterogeneity and variability in data abstraction could
potentially limit the validity of our results. Comparisons
between countries and hospitals were not among the
objectives of this study, nor did our data permit this [28].
The reality within each country or hospital can be very
different, and it was not therefore possible to detect risk
factors that could be used to improve prevention and
CPR.

Furthermore, socioeconomic classifications must be
interpreted with caution, particularly as a recent study has
shown that HDI can misclassify some countries [30].

We conclude that the most important prognostic risk
factors for mortality in in-hospital CA in children in this
international multicenter study were the occurrence of CA
in lower HDI countries, preexisting oncohematologic
disease, CA occurring outside the PICU, CA caused by
neurological disease, and a duration of CPR longer than
10 min. However, each hospital and country has different
characteristics that may influence the outcome of CPR
[28]. Some of these factors cannot be modified. It is
therefore very important to focus efforts on improving not
only the techniques and specific measures of CPR, but
also the hospital organization to care for children at risk
of CA both in the PICU and in other hospital areas,
particularly in emergency departments.
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