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Abstract 

Background and aims:  Cardiac arrest (CA) in children is a major public health problem. Thanks to advances in car‑
diopulmonary resuscitation (CPR) guidelines and teaching skills, results in children have improved. However, pediatric 
CA  has a very high mortality. In the treatment of in-hospital CA there are still multiple controversies. The objective 
of this study is to develop a multicenter and international registry of in-hospital pediatric cardiac arrest including the 
diversity of management in different clinical and social contexts. Participation in this register will enable the evalua‑
tion of the diagnosis of CA, CPR and post-resuscitation care and its influence in survival and neurological prognosis.

Methods:  An intrahospital CA data recording protocol has been designed following the Utstein model. Database 
is hosted according to European legislation regarding patient data protection. It is drafted in English and Spanish. 
Invitation to participate has been sent to Spanish, European and Latinamerican hospitals. Variables included, asses 
hospital characteristics, the resuscitation team, patient’s demographics and background, CPR, post-resuscitation care, 
mortality, survival and long-term evolution. Survival at hospital discharge will be evaluated as a primary outcome and 
survival with good neurological status as a secondary outcome, analyzing the different factors involved in them. The 
study design is prospective, observational registry of a cohort of pediatric CA.

Conclusions:  This study represents the development of a registry of in-hospital CA in childhood. Its development 
will provide access to CPR data in different hospital settings and will allow the analysis of current controversies in 
the treatment of pediatric CA and post-resuscitation care. The results may contribute to the development of further 
international recommendations.

Trial register: ClinicalTrials.gov Identifier: NCT04675918. Registered 19 December 2020 – Retrospectively registered, 
https://​clini​caltr​ials.​gov/​ct2/​show/​record/​NCT04​675918?​cond=​pedia​tric+​cardi​ac+​arres​t&​draw=​2&​rank=​10
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Background
Pediatric in-hospital cardiac arrest (IHCA) is a rare event 
with possible devastating consequences. It is considered 
a major public healthcare problem. Thanks to advances 
in cardiopulmonary resuscitation (CPR) guidelines and 
teaching skills, results in children have improved [1, 2]. 
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However, pediatric CA still has a very high mortality 
[3–5].

Survival to pediatric IHCA has been related to multiple 
factors. Previous studies have described the influence of 
patient characteristics, quality of CPR, post-resuscitation 
factors and team interventions in mortality [3, 4, 6–8]. 
Current recommendations on CPR have insisted on the 
importance of quality and post-resuscitation care in an 
attempt to improve outcomes [9]. However, in the treat-
ment of in-hospital CA there are still multiple controver-
sies and gaps of knowledge.

Quality CPR
Some clinical and experimental studies have suggested 
that quality of cardiopulmonary resuscitation (frequency 
and depth of chest compressions, compression-decom-
pression ratio, coordination of chest compressions and 
ventilation with coordination of rescuers) is associated 
with better CPR results [10].

Ventilation for pediatric CA
In the last decade, some authors have suggested that ini-
tial basic CPR with only chest compressions may be equal 
to or better than providing chest compressions plus ven-
tilation. In contrast, clinical studies in children [11] and 
experimental studies in child animal models [12] have 
shown that early ventilation and oxygenation are essen-
tial in child CPR. Intubation during CPR has for many 
years been considered an essential maneuver during 
advanced CPR, as it achieves safe isolation of the air-
way and allows good ventilation. However, intubation is 
a technique that requires learning and training and can 
be difficult to perform in emergency situations such as a 
CA. In recent years, several studies in adults and children 
have suggested that intubation during CPR is associated 
with a worse survival and neurological prognosis [13, 
14], but a recent large study in adults does not confirm 
these results [15]. There are no controlled, experimen-
tal, descriptive or clinical studies that have looked at this 
problem.

Post‑resuscitation factors
Once ROSC is achieved, efforts towards survival have to 
assess and treat post-cardiac arrest syndrome. Outcomes 
in terms not only of survival, but of good neurological 
outcome, depend on various factors, including hemody-
namics, ventilation and oxygenation, temperature con-
trol, sedation and analgesia.

Hypotension after ROSC is associated with a worse 
prognosis. The ILCOR group recommends keeping sys-
tolic blood pressure (BP) above the 5th percentile, but 
there are no studies that assess which is the best BP in the 

post-resuscitation period or whether treating low blood 
pressure influences outcomes [16].

Several studies in adults and children have analyzed the 
influence of ventilation and oxygenation after ROSC on 
prognosis. Although the results between all the studies 
are not in agreement, most suggest that both hypoven-
tilation and hyperventilation are associated with a worse 
prognosis [17]. Hypoxia can also be a poor prognostic 
indicator, while the results with hyperoxia are contradic-
tory [16].

Hyperthermia after ROSC is common and is associated 
with a worse neurological prognosis, which increases 
with each degree of body temperature above 37  °C. 
Experimental studies in animals have demonstrated the 
neuroprotective effect of hypothermia. Initial studies in 
adults found that hypothermia improved the neurologi-
cal prognosis in patients recovered from CA. However, 
the most recent studies in adults and children have found 
that therapeutic hypothermia is not associated with a 
better neurological prognosis or longer survival [18]. 
Therefore, at the present time, strict temperature control 
and avoiding hyperthermia are recommended.

Sedation and analgesia are fundamental in caring 
for the critical care child. They enable anxiety and pain 
treatment as well as shivering control for temperature 
management. However, after CA its use can difficult neu-
rological assessment, and to date, no study has been able 
to describe the influence of different analgosedation pro-
tocols in neurological outcomes.

Rational for the study
For the past years, the International Liaison Committee 
on Resuscitation (ILCOR) has endeavored its efforts in 
the identification of these gaps of knowledge and their 
resolution. There are few clinical data to verify the effi-
cacy of CPR interventions in the pediatric population. 
Thus, the development of collaborative multicenter stud-
ies is needed. The objective of this study is to develop 
a multicenter and international registry of in-hospital 
pediatric cardiac arrest including the diversity of man-
agement in different clinical and social contexts. Partic-
ipation in this register will enable the evaluation of the 
diagnosis of CA, CPR and post-resuscitation care and its 
influence in survival and neurological prognosis.

Study aims
The objective of PACHIN is (1) to study the relationship 
between the characteristics of cardiopulmonary resusci-
tation (CPR) and outcomes, focusing on the influence of 
ventilation parameters (intubation or not during resus-
citation and controlled or uncontrolled ventilation) on 
the recovery of spontaneous circulation, survival, and 
short- and long-term neurological prognosis of children 



Page 3 of 5del Castillo et al. BMC Cardiovasc Disord          (2021) 21:365 	

with in-hospital cardiac arrest. (2) To study the relation-
ship between post-resuscitation measures (especially 
ventilation, oxygenation, blood pressure, analgosedation 
and temperature) with survival and short- and long-term 
neurological prognosis in children with IHCA. (3) To 
create a permanent register of pediatric in-hospital car-
diac arrest for European and Latinamerican countries.

Methods and analysis
Study design
This study is a multicenter, international, prospective 
observational registry.

Setting
Patients will be enrolled by participating investigators 
from European and Latinamerican countries. All sites are 
susceptible of treating pediatric cardiac arrest patients. 
Participating hospitals differ in levels of care but are all 
able to submit their data to the study’s database.

Patient elegibility
Inclusion criteria: all children aged 1 month to 18 years 
who suffer a CA in hospital. For the study, CA is defined 
as the absence of vital signs requiring at least one minute 
of chest compressions. Subsequent episodes of CA may 
be included for the same individual.

Exclusion criteria: Patients being treated with extracor-
poreal circulatory support (ECMO or ventricular assis-
tance) at the time of CA. Patients who suffer a cardiac 
arrest and require ECMO for ROSC, after performing 
conventional CPR, will not be excluded. Duration of the 
data collection period 24 months.

Recruitment
Study candidates will be identified by a study physician, 
who will explain the study to parents or guardians. Writ-
ten informed consent will be obtained from parents or 
guardians prior to inclusion in the study. A CONSORT 
(Consolidated Standard of Reporting Trials) flow dia-
gram is shown in Fig. 1.

Data collection
Data will be collected, verified, and uploaded to a pro-
tected electronic web-based database (Xolomon) by 
their designated site coordinators/investigators under 
the oversight of their IRB. Database has been designed 
following the Utstein model [19]. Database is hosted 
according to European legislation regarding patient data 
protection. It is drafted in English and Spanish.

Variables recorded will include hospital characteristics, 
the resuscitation team, patient’s demographics and back-
ground, CPR, post-resuscitation care, mortality, survival 
and long-term evolution (see Table 1).

Outcomes assessment
The primary outcome is survival at hospital discharge. 
Secondary outcome being survival with favorable neu-
rological status. Analysis of different factors influencing 
both outcomes will be performed.

Statistical analysis
Data analysis plan: The data will be manually reviewed 
for errors, missing data and outliers before analysis. 
Extreme values will be set to missing if they are deemed 
unlikely, based on their validity range. Descriptive analy-
sis of the data will be reported. Continuous variables will 
be reported as either median and interquartile range 
(IQR) or mean and standard deviation (SD) based on the 
distribution. Categorical variables will be described in 
numbers, percentages or both.

Sample size
As this is an observational study with no intervention, we 
have not conducted a power calculation. Based on pre-
vious studies [3], we estimate that we will enroll at least 
250 to 300 eligible cardiac arrest events. This would rep-
resent a large international dataset of pediatric cardiac 
arrest data with significant power to enable exploration 
of important correlations between performance and sur-
vival through multivariate analysis.

IHCA in children (1 month to 18 years)  

INFORMED CONSENT 

Refusal to 
par�cipate 

Data collec�on 

Chest compressions
during < 1 minute 

ECMO/VAD before CA

EXCLUDED 

Fig. 1  CONSORT (Consolidated Standards of Reporting Trials) flow 
diagram. IHCA: In-hospital Cardiac Arrest; ECMO: Extracorporeal 
Membrane Oxygenation; VAD: Ventricular Assistance Device
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Discussion
Multicenter collaborative studies are needed in order 
to assess the gaps in knowledge surrounding pediatric 
cardiac arrest. Our group as well as others, have devel-
oped collaborative platforms to this effect, demonstrat-
ing that this approach is feasible and useful [3, 20–22]. 
These experiences have identified those areas that need 
further assessment. This is the reason for the creation 
of a registry of in-hospital CA in childhood in European 
and Latinamerican countries. Its development will pro-
vide access to CPR data in different hospital settings. 
This data gathering from different countries and hospi-
tals might enlighten the analysis of compliance with the 
actual guidelines in these countries and the identification 
of barriers in treatment of pediatric cardiac arrest. Multi-
center international collaboration in Spanish and English 
will allow the investigators to recruit more patients and 
enable the analysis of current controversies in the treat-
ment of pediatric CA and post-resuscitation care. We 
expect the results to contribute to the development of 
further international recommendations.

Limitations
The main limitation of the study is that patient recruit-
ment cannot be planned because CA is an unexpected 
sudden event. On the other hand, when CA happens, 
all attention is driven towards CPR, so it might be dif-
ficult to record all data related to the characteristics of 
CPR while performing it. Another limitation of the study 
is that the final results of CPR are influenced by many 
variables and it can be very difficult to differentiate the 
isolated effect of each factor. Furthermore, recording as 
many variables as aimed per CA requires a lot of dedi-
cation and careful review and supervision of each case 
by the study coordinator. Being CA a rare event in pedi-
atric patients, it might be difficult to find statistically 

significant differences in some parameters such as mor-
tality. Thus, the participation of a significant number of 
hospital centers and collaborating researchers is neces-
sary. This is one of the fundamental reasons for a mul-
ticenter study. Finally, the neurological follow-up at one 
year of some patients will end after the end of the study 
period.
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