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Background. Cardiac arrest is a potentially devastating event, associated with death or severe neurological complications in survivors. There is little
evidence on paediatric cardiac arrest prevalence, characteristics and outcomes in South Africa (SA).
Objective. To describe the characteristics, course and outcomes of children admitted to an SA paediatric intensive care unit (PICU) following
cardiac arrest.
Methods. Retrospective descriptive study of routinely collected data (January 2010 - December 2011).
Results. Of 2 501 PICU admissions, 110 (4.4%) had preceding cardiac arrest. The median (interquartile range (IQR)) age of children was 7.2 (2.5
- 21.6) months. In-hospital arrests accounted for 80.6% of the events. The most common primary diagnostic categories were respiratory (29.1%),
cardiovascular (21.4%) and gastrointestinal (21.4%). Twenty-four patients (23.3%) arrested during endotracheal intubation. Cardiopulmonary
resuscitation (CPR) was applied for a median (IQR) of 10 (5 - 20) minutes. Duration of CPR for non-survivors and survivors was 17.5 (10 - 30)
v. 10 (5 - 15) minutes (p=0.006). PICU mortality was 38.8%, with half of the deaths occurring within 24 hours of admission. The standardised
mortality ratio was 0.7. The median (IQR) length of stay in the PICU and hospital was 3 (1 - 8) and 27 (9 -52) days, respectively. No independent
predictors of mortality were identified. Thirty-nine surviving patients (76.5%) had normal neurological function or mild disability at follow-up
after hospital discharge. Six (11.8%) survived with severe disability.
Conclusion. Mortality was lower than predicted in children admitted to the PICU following cardiac arrest. The majority of survivors had good
neurological outcomes.
Keywords. Pediatric, cardiac arrest, cardiopulmonary resuscitation, pulseless electrical activity, ventricular tachycardia, pediatric intensive care
unit, in-hospital cardiac arrest, out-of-hospital cardiac arrest
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Cardiac arrest is defined as the cessation of functional mechanical
activity of the heart, determined clinically by absent central pulses,
unresponsiveness and apnoea.[1,2] Absence of blood flow leads to
non-perfusion of vital organs, including the brain, kidneys and the
heart muscle.[3-5] Cardiac arrest is a potentially devastating event,
associated with death or severe neurological complications in survivors.
It may occur both in previously healthy children and in children with
underlying diseases or abnormalities. The last 15 years have seen an
improvement in epidemiological data collection of cardiac arrest,[6,7]
and the publication of management guidelines has contributed to
improvements in outcome.[8-10] There are, however, little published data
on paediatric cardiac arrest from low-income countries.
The true incidence of paediatric cardiac arrest is unknown, but outof-hospital cardiac arrest (OHCA) events are estimated at 9 per 100 000
person years, whereas arrest within intensive care units is thought to
occur 0.94 times per 100 admissions.[11-13] A large proportion (40 55%) of OHCAs in children occur in infants compared with other age
categories.[12,14-16] In children, respiratory and cardiovascular failure are
the major causes of cardiac arrest, but cardiac arrhythmias may not be
as uncommon as was previously thought.[17]
The understanding of factors influencing, and the sequence of events
leading to, cardiac arrest is thought to have contributed to improved

survival.[18] Early recognition of patients at risk of arrest, timeous
intervention and instituting effective cardiopulmonary resuscitation
(CPR) that involves ventilation, chest compression and pharmacological
agents, with ongoing monitoring and management following return
of spontaneous circulation (ROSC), may all contribute to improved
survival following cardiac arrest.[19,20]
Although the process of cardiac arrest and resuscitation is a
continuum, it may be seen to consist of four phases: prearrest; no
flow; low flow, and ROSC.[21,22] The prearrest phase may be associated
with respiratory failure or shock states, which can result in asphyxia or
ischaemia and so lead to inadequate delivery of substrate for cellular
metabolism. This phase, if untreated, leads to established cardiac arrest,
with the cessation of mechanical activity of the heart, absent pulses and
a no-flow state. The low-flow phase ensues when CPR is instituted.
The main goal of intervention at this stage is to optimise cerebral,
coronary and other vital organ perfusion. Effective, uninterrupted chest
compression at this stage is key to a successful outcome.[23] Abnormalities
in oxygenation and ventilation are also common during the initial hours
after paediatric cardiac arrest.[21] It therefore makes clinical sense to
optimise oxygenation and haemodynamic stability[24,25] with ventilator
support, fluids and inotropic support as required, to ensure improved
survival of patients following cardiac arrest.[26]
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The main objectives of this study were: to describe the characteristics,
course and outcomes of patients admitted to the paediatric intensive
care unit (PICU) following cardiac arrest; to compare the outcomes of
patients following in-hospital cardiac arrest (IHCA) and OHCA, and
to review factors associated with outcomes based on the Utstein-style
reporting of cardiac arrest.[27]

Methods

Study setting and population

This retrospective study was conducted at the PICU of the Red Cross
War Memorial Children’s Hospital (RCWMCH) in Cape Town, South
Africa (SA). This is a teaching hospital with 290 paediatric beds. The
multidisciplinary PICU has 22 functional beds and accepts patients
from birth to 13 years of age from general paediatric wards, the
emergency and trauma department, surgical wards and operating
theatres within the hospital, and also serves as a referral centre for
patients from elsewhere in the Western Cape province.
Although there is no dedicated response team in the event of cardiac
arrest or potential collapse within the hospital, an intercom system is
used to alert medical staff to the event. Initial resuscitation is performed
by ward personnel, with assistance from those who respond to the call.
There is no clear protocolised guide for terminating CPR; this decision
is taken by the resuscitation team when they think treatment is futile,
which is usually after 20 - 30 minutes. In cases of OHCA, the patient
may be resuscitated by bystanders or, if available, trained emergency
medical personnel.
The study population consisted of all children <14 years of age who
were admitted to the PICU between 01 January 2010 and 31 December
2011 following a documented cardiac arrest outside of the PICU, with
CPR and ROSC. The patients were identified through review of the
electronic PICU database.
As a general policy, the standard management of post-arrest syndrome
and its complications was based on published recommendations,
including targeting normal temperature or mild hypothermia, a blood
glucose level of 8 - 10 mmol/L, ventilation support and early goaldirected haemodynamic stabilisation.[26,28] Lung-protective ventilation
strategies were used to target normal oxygenation.[22]

Data collection

Data were extracted from medical folders and entered into a case
record form modified for IHCA or OHCA using the Utstein-style
guidelines.[27,29] Information collected included: patient demographics;
Paediatric Index of Mortality (PIM2) score on PICU admission;[30] cardiac

arrest aetiology (according to primary diagnostic category[27]) and location
(IHCA or OHCA); duration of CPR; advanced life-support medications
used; initial cardiac rhythm; monitoring at the time of arrest; laboratory
blood tests, and PICU management (including inotropic support and
mechanical ventilation).
The primary outcome was PICU mortality. Secondary outcomes were:
level of consciousness at PICU discharge according to the ‘alert, voice,
pain, unresponsive’ (AVPU) scale;[31] hospital survival; length of stay
in hospital and the PICU, and neurological outcome 3 - 6 months after
PICU discharge, measured using the Paediatric Overall Performance
Category (POPC) scale, as per standard practice at a follow-up clinic.[32]
For the purposes of this study, prolonged CPR was defined as intervention
continuing for >30 minutes, which is beyond the usual norm. For patients
who had multiple arrests, data from the first arrest were used. Definitions
of other terms used in this paper are presented in Table 1.
Approval for the study was obtained from the institutional Human
Research Ethics committee (ref. no. 344/2012). The requirement for
written informed consent was waived owing to the retrospective nature
of the study.

Data analysis

Data were captured in Epi InfoTM 7.0.9.7 software and exported to
a spreadsheet. Statistica version 11 (Statsoft Inc., USA) was used to
analyse the data. The Shapiro-Wilk test was used to test the distribution
of continuous data. Numerical variables are presented as medians
and interquartile ranges (IQRs) throughout, as appropriate for nonparametric data. The Mann-Whitney U test was used to compare
continuous variables between survivors and non-survivors of cardiac
arrest events. Pearson’s χ-squared test (95% confidence interval) was
used to test for associations of categorical variables. Kruskal-Wallis
analysis of variance was used to determine the impact of CPR duration
on POPC-scale outcome classifications. Factors significantly associated
with PICU mortality on univariate analysis (p<0.05) were entered into
a stepwise backward logistic regression analysis model to determine
independent predictors of the outcome. A significance level of p<0.05
was used.

Results

A total of 45 417 patients were admitted to the hospital over the period
of study, of whom 2 501 (5.5%) required PICU admission. Of the PICU
patients, 110 (4.4%) were admitted following cardiac arrest, representing
a hospital incidence of 2.4 per 1 000 hospital admissions and 44.0 per
1 000 PICU admissions. Data were available for 103 of the 110 cardiac

Table 1. Definitions of terms used
Term
Cardiac arrest
Apnoea
Primary diagnosis
Bradycardia
Tachycardia
Hyperthermia
Hypothermia
Shock
Acute kidney injury

Definition
Cessation of functional mechanical activity of the heart, with absent central pulses, unresponsiveness and apnoea[1]
Cessation of breathing for >20 seconds
The main condition treated or the most clinically severe or life-threatening condition that was deemed likely to have led to
cardiac arrest
Heart rate <80 beats per minute in the newborn to 2 years of age, or <60 beats per minute in children over 2 years of age
Heart rate >160 beats per minute in the newborn to 2 years of age or more than twice normal for age
Documented axillary temperature >38.5 °C
Documented axillary temperature <35.5 °C
A combination of any of the following: abnormal mental status; weak, thready pulses; prolonged capillary refill time and
cold extremities; low blood pressure[33]
Acute decline in renal function measured by decreases in urine output and serum creatinine clearance post arrest episode,
with specific pRIFLE scoring criteria to categorise the injury[34]

pRIFLE = paediatric risk, injury, failure, loss, end-stage renal disease.
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Total hospital admissions
Total PICU admissions
Total admitted following cardiac arrest

n = 45 417
n = 2 501
n = 110

Missing hospital records n = 7

Records available n = 103

Treatment of cardiac arrest
n = 102
n = 68
n = 29
n = 28
n = 13

Assisted ventilation
Adrenaline
Atropine
Sodium bicarbonate
Defibrillation

PICU Survivors n = 63

In-hospital cardiac
arrest n = 52

Out-of-hospital
cardiac arrest n = 11

PICU Non-survivors n = 40

In-hospital
cardiac arrest n = 31

Out-of-hospital
cardiac arrest n= 9

Fig. 1. Participant enrolment flow chart, arrest management and survival outcomes. (PICU = paediatric
intensive care unit).

arrest patients and were subsequently included
in the study (Fig. 1).

during intubation received inotropic support
prior to arresting.

Patient characteristics

Location of arrest

Characteristics of the included patients
are presented in Table 2. The majority of
participants (n=30; 29.1%) had primary
respiratory disease underlying their arrest,
most commonly associated with acute lower
respiratory infections (n=21; 70.0%).
Twenty-nine cardiac arrests (28.2%)
resulted from progressive deterioration in
patients with a diagnosed medical condition;
four (3.9%) events were expected, and in
nine (8.7%) cases the underlying conditions
prior to arrest were not documented. Of the
28 arrests during a procedure, 24 (85.7%)
occurred during endotracheal intubation,
two (7.1%) occurred intraoperatively, one
(3.6%) during cardiac catheterisation and one
(3.6%) during insertion of a central venous
line. Of the 24 arrests that occurred during
endotracheal intubation, 16 (66.7%) occurred
in the emergency department, wards or other
hospitals and eight (33.3%) occurred in
theatre. Supervision by senior medical staff
was documented for only two (12.5%) of
16 patients who arrested while undergoing
intubation in the emergency department. The
majority (80%) of patients who were in shock

IHCA occurred in 83 (80.6%) of the patients,
whereas OHCA was documented in 20
(19.4%) cases (Table 3). ‘Other’ IHCA events
included six (7.2%) cases that occurred during
interhospital transfer in the ambulance.

Physiological and laboratory
findings

Less than a fifth of the patients (n=19; 18.4%)
had a documented cardiac rhythm recorded
at arrest: four (21.1%) had pulseless electrical
activity, asystole was recorded in ten (52.6%)
cases and five patients (26.3%) had ventricular
tachycardia or fibrillation. Temperature at
arrest was recorded for 17 patients (16.5%), of
whom 14 (82.4%) were hypothermic and two
(11.8%) had hyperthermia; one patient (4.8%)
in this group was normothermic.
The first blood chemistry results after the
arrest and ROSC are presented in Table 4.

Management of arrest

The median duration of resuscitation (and
associated IQR) was 10 (5 - 20) minutes.
Prolonged CPR (>30 minutes) was performed
on five patients (4.9%). Fig. 1 and Table 5

summarise
peri-arrest
management
interventions. A third of the patients (n=34;
33.0%) did not receive any adrenaline during
the resuscitation, whereas 44 (42.7%) received
up to three doses of adrenaline and 24 (23.3%)
received more than three doses. At least one
defibrillation was performed in 13 (13.7%)
of the 95 patients treated this way. One (1%)
patient was cardioverted for supraventricular
tachycardia following CPR.

Post-arrest management

The majority of patients (n=98; 95.1%)
received ventilator support after ROSC.
Only one patient received non-invasive
continuous positive airway pressure, with the
remainder all being intubated and ventilated
mechanically. The median duration of
mechanical ventilation (and associated IQR)
was 2 (0 - 5) days. Close to three-quarters of
the patients (n=74; 71.8%) received inotropes
during their PICU admission.

Post-arrest organ
complications

Circulatory failure was the most common
complication following cardiac arrest, with 71
patients (68.9%) clinically shocked following
the arrest. Neurological complications were
recorded in 25 (24.3%) cases, with seizures
(n=18) representing 72.0%, persistent loss of
consciousness (n=4) 16.0% and focal signs
(n=3) 12.0%. A total of 25 patients (24.3%)
developed acute kidney injury according to the
so-called ‘paediatric risk, injury, failure, loss,
end stage renal disease’ (pRIFLE) criteria. Some
patients had more than one complication.

Outcomes

The median lengths of stay in the PICU
and hospital (with associated IQRs) were
3 (1 - 8) and 27 (9 - 52) days, respectively.
More than half of the patients (n=63; 61.2%)
survived to PICU discharge – 52 (82.5%)
following IHCA and 11 (17.5%) following
OHCA (p=0.7) (Table 6). Of the 40 PICU
deaths, 20 (50%) occurred within 24 hours of
arrest. The standardised mortality rate (actual/
mean predicted mortality using the PIM2
score) was 0.7. Factors associated with PICU
mortality on univariate analysis included:
underlying neurological conditions; duration
of resuscitation; PIM2 score; post-arrest
pH, chloride, creatinine and lactate; receipt
of inotropes in the PICU, and neurological
sequelae post arrest (Tables 5 and 6). On
multiple regression analysis, none of these
variables were found to be independently
associated with PICU mortality.
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Table 2. Characteristics of the study population post cardiac
arrest (N=103)
Characteristics
Male
Age (months), median (IQR)
Age (months)
<1
1 - 12
12 - 36
36 - 72
>72
Weight (kg), median (IQR)
PIM2 score, median (IQR)
Primary diagnosis
Neurological
Tumour
Hydrocephalus
Meningitis
Subdural haemorrhage
Cerebral abscess
Encephalitis
Tuberculous meningitis
Respiratory
Acute lower respiratory tract infection
Tuberculosis
Foreign-body aspiration
Aspiration
Tension pneumothorax
Pulmonary haemorrhage
Cardiovascular
Congenital heart disease
Dilated cardiomyopathy and myocarditis
Gastrointestinal
Acute diarrhoeal disease
Necrotising enterocolitis
Intestinal perforation
Bowel obstruction
Gastric haemorrhage
Protein energy malnutrition
Trauma
Abdominal
Non-accidental injury
Pedestrian motor vehicle accident
Burns
Other
Drowning
Sepsis
Haematologic/oncologic
Poisoning/drug overdose
Disseminated tuberculosis

n (%)
60 (58.3)
7.2 (2.5 - 21.6)
12 (11.6)
52 (50.4)
22 (21.4)
10 (9.7)
7 (6.8)
5.8 (3.7 - 10.0)
0.54 (0.28 - 0.85)
9 (8.7)
3 (33.3)
1 (11.1)
1 (11.1)
1 (11.1)
1 (11.1)
1 (11.1)
1 (11.1)
30 (29.1)
21 (70.0)
1 (3.3)
2 (6.7)
4 (13.3)
1 (3.3)
1 (3.3)
22 (21.4)
16 (72.2)
6 (27.3)
22 (21.4)
14 (63.6)
3 (8.7)
2 (9.1)
1 (4.5)
1 (4.5)
1 (4.5)
4 (3.9)
1 (25.0)
1 (25.0)
1 (25.0)
1 (25.0)
16 (15.5)
5 (31.3)
5 (31.3)
3 (18.8)
2 (12.5)
1 (6.3)

IQR = interquartile range.

Of the 63 patients who were discharged from the PICU, four died in
the wards. Two of these deaths were documented as being unrelated
to the cardiac arrest, whereas no association was documented for the
remaining two deaths.
Assessment of level of consciousness on PICU discharge was
conducted using the AVPU criteria: 54 of the 63 PICU survivors
(85.7%) were discharged from the PICU alert, one (1.6%) was responsive
to voice, four (6.3%) to pain; one (1.6%) was unresponsive, and the
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Table 3. Locations of arrest event
Arrest location
Out of hospital
At home
Public place
In hospital
Emergency unit
Wards
Operating theatre
Other

n (%)
20 (19.4)
10 (50.0)
10 (50.0)
83 (80.6)
18 (21.7)
41 (49.4)
8 (9.6)
16 (19.3)

Table 4. First blood biochemistry results following return of
spontaneous circulation (N=103)
Parameter
Blood glucose (mmol/L)
pH
Sodium (mmol/L)
Potassium (mmol/L)
Chloride (mmol/L)
Ionised calcium (mmol/L)
Creatinine (µmol/L)
Lactate (mmol/L)

Median (IQR)
6.3 (4.3 - 13.5)
7.16 (6.99 - 7.30)
138.0 (134.0 - 142.0)
4.1 (3.6 - 5.1)
106.0 (101.0 - 110.0)
1.26 (1.12 - 1.60)
60.0 (36.5 - 88.0)
5.4 (2.4 - 11.6)

IQR = interquartile range.

level of consciousness was not documented in three cases. Of the 59
patients who were discharged from hospital, 51 (86.4%) were assessed
neurologically and developmentally 3 - 6 months post discharge.
According to the POPC scale, 32 (62.7%) were classified as normal and
seven (13.7%) displayed mild disability. Moderate and severe disability
was recorded in six patients (11.8%) in each of the respective groups.
None were in a persistent vegetative state. Duration of resuscitation had
no effect on POPC outcome (p=0.7).

Discussion

This retrospective study of PICU admissions following cardiac arrest in
a single SA tertiary centre showed a prevalence of 2.4 per 1 000 hospital
admissions over the period under review. This figure is likely to be an
underestimate of the true prevalence of cardiac arrest in the hospital, as
we were unable to collect data on patients who did not survive to ROSC
and PICU admission. Further research is warranted to determine overall
prevalence and outcomes of cardiac arrest. Arrest episodes occurred
predominantly in infants younger than 1 year, similar to other reports.[35,36]
Respiratory, cardiac and gastrointestinal disorders were the most
common primary diagnostic conditions related to cardiac arrest. We
were unable to classify the precipitating cause of arrest into hypoxia/
asphyxia or circulatory shock,[22,37] owing to the retrospective nature of
this study and inadequate reporting. Our data showed that underlying
respiratory and gastrointestinal diseases were more likely to be of
recent onset (mainly acute lower respiratory tract infections and acute
diarrhoeal disease), while cardiac disease was generally related to
chronic comorbid conditions (congenital heart disease). Although not
confirmed on the basis of our data, acute respiratory tract infections
and other respiration-related causes were pathophysiologically most
likely associated with hypoxia, while gastrointestinal diseases such as
acute diarrhoeal diseases most likely precipitated circulatory failure or
hypovolaemic shock.[38,39]
Two previous studies have evaluated IHCA: one in the form of a
prospective study conducted in Brazil (a middle-income country with
comparable characteristics to SA),[37] and the other being a retrospective

RESEARCH
Table 5. Peri- and post-arrest management, monitoring and complications in survivors v. non-survivors
Parameter
Peri-arrest management
Duration of resuscitation (min)
Number of adrenaline doses
0
1
2
3
4
5
6
Number of defibrillation events (N=95)
0
1
2
3
6
Peri-arrest monitoring
ECG (N=19)
Pulseless electrical activity
Asystole
Ventricular tachycardia/fibrillation
Respiratory rate (N=42)
Arrest/apnoea
Tachypnoea
Blood pressure (N=43)
Unrecordable
Hypotensive
Temperature (N=17)
Hypothermic
Normothermic
Hyperthermic
Post-arrest management
Inotropic support
Invasive mechanical ventilation
Post-arrest blood biochemistry (N=103)*
pH
Sodium (mmol/L)
Chloride (mmol/L)
Magnesium (mmol/L)
Calcium (mmol/L)
Urea (mmol/L)
Creatinine (µmol/L)
Lactate (mmol/L)
Post-arrest complications
Neurological
Acute kidney injury
Shock

PICU deaths
(N=40), n (%)

PICU survivors
(N=63), n (%)

p-value

17.5 (10 - 30)

10 (5 - 15)

0.006

12 (30.0)
7 (17.5)
7 (17.5)
5 (12.5)
3 (7.5)
2 (5.0)
4 (10)

22 (34.9)
14 (22.2)
5 (7.9)
6 (9.5)
3 (4.8)
3 (4.8)
9 (14.3)

0.6
0.7
0.2
0.6
0.9
0.7
0.7

35 (94.5)
1 (2.7)
0 (0.0)
0 (0.0)
1 (2.7)

47 (81.0)
2 (3.4)
1 (1.7)
1 (1.7)
7 (12.1)

0.2
0.7
0.8
0.8
0.2

2 (40)
2 (40)
1 (20)

2 (14.3)
8 (57.1)
4 (26.7)

0.96
0.3
0.7

12 (100)
0

26 (86.7)
4 (13.3)

0.5
0.3

7 (36.8)
12 (63.2)

7 (29.2)
17 (70.8)

0.5
0.7

7 (77.8)
0
2 (22.2)

7 (87.5)
1 (12.5)
0

0.4
0.8
0.3

34 (85)
40 (100)

40 (63.5)
57 (90.5)

0.03
0.1

7.07 (6.88 - 7.20)
139.0 (134.0 - 146.0)
109.0 (103.0. -118.0)
1.1 (1.0 - 1.5)
1.3 (1.1 - 1.5)
5.7 (3.2 - 7.3)
79.0 (45.0 - 118.5)
11.5 (5.2 - 15.7)

7.22 (7.09 - 7.36)
137.0 (133.0 - 140.0)
104.0 (101.0 - 129.0)
1.1 (0.9 - 1.3)
1.2 (1.1 - 2.0)
5.5 (3.8 - 7.3)
54.0 (34.0 - 72.0)
3.2 (1.4 - 6.8)

0.001
0.08
0.03
0.71
0.64
0.89
0.01
<0.0001

15 (37.5)
13 (32.5)
32 (80.0)

10 (15.9)
12 (19.0)
39 (61.9)

0.02
0.2
0.09

PICU = paediatric intensive care unit; ECG = electrocardiogram.

study from Finland (a high-income country).[27] Although limited to
IHCA, both these studies collected similar data using Utstein-style
reporting. In both studies, the model of care and personnel managing
patients with cardiac arrest were similar to our setting. We found a
57.3% survival-to-hospital-discharge rate. This is similar to the findings
of the Finnish study,[27] but differs considerably from the rate (25.3%)
reported in the Brazilian study.[37] For both the Finnish and Brazilian

studies, the most common precipitating cause of arrest was cardiac
in nature (71% and 61%, respectively), while in our study respiratory
and cardiac conditions accounted for 29.1% and 21.4% of arrests,
respectively. Although cardiac arrhythmias, ventricular tachycardia
and fibrillation were documented in 4.8% (n=5) of our cases, we were
unable to ascertain whether these were the primary underlying causes
of cardiac arrest in these patients. Notably, initial electrocardiographic
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Table 6. Demographic data and cardiac arrest aetiology of survivors v. non-survivors
Variable
Age (months), median (IQR)
Weight (kg), median (IQR)
Male
PIM2 score, median (IQR)
Underlying condition category
Neurological
Respiratory
Cardiovascular
Gastrointestinal
Trauma
Location of arrest
OHCA
IHCA

PICU deaths
(N=40), n (%)
9.0 (2.4 - 26.6)
6.4 (4.1 - 12.0)
26 (65.0)
0.83 (0.52 - 0.97)

PICU survivors
(N=63), n (%)
6.6 (2.7 - 16.9)
5.5 (3.3 - 9.5)
34 (54.8)
0.41 (0.23 - 0.68)

p-value
0.38
0.21
0.3
<0.0001

8 (20.0)
10 (25.0)
5 (12.5)
10 (25.0)
3 (7.5)

1 (1.6)
18 (28.6)
17 (27.0)
12 (19.0)
1 (1.6)

0.002
0.4
0.1
0.3
0.3

9 (22.5)
31 (77.5)

11 (17.5)
52 (82.5)

0.7

PICU = paediatric intensive care unit; IQR = interquartile range; PIM = Paediatric Index of Mortality; OHCA = out-of-hospital cardiac arrest; IHCA= in-hospital cardiac arrest.

monitoring was extremely poor in our study, potentially introducing bias
into our results, and these findings therefore need to be confirmed in
prospective studies.
Our results showed that a clinically relevant proportion (23.3%)
of cardiac arrest episodes occurred during endotracheal intubation
procedures, mostly emergency intubations in the emergency department
and hospital wards. Considering that most of these patients were likely
to have been in peri-arrest status at the time of intubation, consequently
with a high predicted risk of cardiac arrest, it is concerning that the
majority of these endotracheal intubation procedures were not overseen
by senior staff. It is therefore strongly recommended that emergency
endotracheal intubation be considered a high-risk procedure, and that
senior staff should be present to supervise whenever possible.
CPR is the mainstay of treatment for cardiac arrest. Effective CPR,
with adequate depth of chest compression and rate, alternating with
ventilation and oxygen, has significantly improved the outcome of
paediatric cardiac arrest.[40] There is, however, insufficient evidence
to recommend when to terminate CPR, although it has previously
been shown that a short duration of CPR is the best prognostic
indicator of survival in children.[27] However, in a study that included
>3 000 children, Matos et al.[41] suggested that more patients may
survive following prolonged CPR than previously thought. There
does, however, remain the concern that prolonged CPR may lead
to poor neurological outcome in survivors.[41] Five of the patients
in our study (5%) had prolonged CPR, showing that in our setting,
providers occasionally continued beyond the conventional period
for terminating CPR, although this was not the norm. The reasons
for prolonged resuscitation were not indicated in the patient hospital
records. Although there was an association between duration of CPR
and PICU mortality on univariate analysis, no association was found
between duration of resuscitation and neurological outcome using the
POPC scale. Furthermore, on multiple regression analysis, duration
of resuscitation was no longer identified as a predictive factor for
PICU mortality. Considering that poor neurological outcomes were
recorded in only a small number of surviving patients in our study,
further large-sample prospective studies are warranted to confirm our
findings. As also seen in another study,[5] we found that shock was the
most prevalent complication following an arrest, with acute kidney
impairment and neurological impairment present in equal proportions.
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A large proportion of the patients in our study who had successful CPR
with ROSC survived to hospital discharge with reasonable neurological
outcomes. Our observed hospital mortality rate of 42.7% (n=44) was
comparable to the 43.2% reported by Suominen et al.[27] and the
standardised mortality rate of 0.7 in our cohort indicates better-thanpredicted PICU survival based on the PIM2 score at admission. The nature
of this study did not allow for estimation of change in neurological status
from pre- to post-arrest status, and this requires further investigation.
Approximately three-quarters (n=39; 76.5%) of the patients who survived to
hospital discharge and were available for follow-up had good neurological
outcomes, with scores indicating normal function or only mild disability.
Only six survivors (11.8%) had severe disability. These findings are
almost identical to those of a large cohort study, which reported that good
neurological outcome according to the POPC scale was documented in
76.7% of patients who survived to discharge.[42]
Our findings were limited by the retrospective study design, with
inherent problems of selection bias, inadequate documentation and data
capture resulting in potential missing data and risk of bias. The lack of a
control group admitted to the PICU without prior cardiac arrest or a control
group who did not survive their arrest further limits the interpretation of
results. We captured data only of patients who arrived at the RCWMCH
and were admitted to the PICU following successful resuscitation and
ROSC. Population-based studies are necessary to determine the incidence
and overall outcomes of cardiac arrests in the region.
Although we attempted, as far as possible, to report results according
to the Utstein style, as recommended by paediatric studies such as that
by Suominem et al.,[27] we were limited by the retrospective nature of
the study and consequently poorly documented arrest circumstances.
In some cases, monitoring equipment was not available at the time of
the arrest and therefore some observations (e.g. arrest rhythm) were not
documented and could not be fully reported on.
Notwithstanding the limitations, this study gives insight into paediatric
cardiac arrest outcomes in SA, shown to be in line with those reported
for a well-resourced country.[27] Results of our study could be used as a
baseline or comparator for further studies and practice improvement
initiatives, ultimately to inform policy and implement targeted, optimised
management of paediatric cardiac arrest.
An essential starting point for future research is the establishment of
appropriate, uniform and comprehensive documentation processes for

RESEARCH

cardiac arrest episodes, particularly for IHCA. Development of a cardiac
arrest event registry, with feedback provided to medical and nursing
personnel, may help to identify those at greater risk of cardiorespiratory
arrest, sensitise staff to the issues related to arrest episodes in children,
and improve documentation of these events.
Patients in the wards who could potentially be at risk of cardiac arrest
should be flagged as high risk, and ideally nursed in high-dependency
units with appropriate monitoring, staffing and equipment in order
to elicit an appropriate response in the case of a deteriorating clinical
condition with the potential for cardiac arrest.

Conclusion

In this retrospective study we found the incidence of cardiac arrest with
successful resuscitation and ROSC preceding PICU admission to be 2.4
per 1 000 hospital admissions, with the majority occurring in children
younger than 1 year. Acute respiratory failure and circulatory failure
from gastrointestinal and cardiac conditions were the most common
underlying causes of cardiac arrest. Children undergoing emergency
endotracheal intubation constituted a notable proportion of this patient
cohort. Mortality was lower than predicted in children admitted to the
PICU following cardiac arrest, and the majority of survivors had normal
neurological function on hospital discharge.
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