
Mally et al. BMC Emergency Medicine          (2024) 24:178  
https://doi.org/10.1186/s12873-024-01086-8

RESEARCH

Outcomes of pediatric in-hospital cardiac 
arrest in the emergency department of a tertiary 
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Abstract 

Background  Cardiopulmonary resuscitation (CPR) is an emergency procedure performed to restore heart function 
to minimize anoxic injury to the brain following cardiac arrest.

Despite the establishment of emergency department and training on Pediatric Advanced Life Support (PALS) 
at Muhimbili National Hospital (MNH) the outcomes of pediatric in-hospital cardiac arrest have not been docu-
mented. We ought to determine the outcomes and factors associated with 24-h survival after pediatric in-hospital 
cardiac arrests at MNH in Tanzania.
Methods  We conducted a retrospective study of all patients aged 1 month to 18 years who had in-hospital cardiac 
arrests (IHCA) prompting CPR in the Emergency Medicine Department (EMD) at MNH, Tanzania from January 2016 
to December 2019. Data was collected from electronic medical record (Wellsoft) system using a standardized and pre-
tested data collection form that recorded clinical baseline, pre-arrest, arrest, and post-arrest parameters. Bivariate 
and multivariable logistic regression analyses were performed to assess the influence of each factor on 24-h survival.

Results  A total of 11,951 critically ill patients were screened, and 257 (2.1%) had cardiac arrest at EMD. Among 136 
patients enrolled, the median age was 1.5 years (interquartile range: 0.5–3 years) years, and the majority 108 (79.4%) 
aged ≤ 5 years, and 101 (74.3%) had been referred from peripheral hospitals. Overall stained return of spontane-
ous circulation was achieved in 70 (51.5%) patients, 24-h survival was attained in 43 (31.3%) of patients, and only 7 
patients (5.2%) survived to hospital discharge. Factors independently associated with 24-h survival were CPR event 
during the day/evening (p = 0.033), duration of CPR ≤ 20 min (p = 0.000), reversible causes of cardiac arrest being iden-
tified (p = 0.001), and having assisted/mechanical ventilation after CPR (p = 0.002).

Conclusion  In our cohort of children with cardiac arrest, survival to hospital discharge was only 5%. Factors associ-
ated with 24-h survival were CPR events during the daytime, short duration of CPR, recognition of reversible causes 
of cardiac arrest, and receiving mechanical ventilation. Future studies should explore the detection of decompensa-
tion, the quality of CPR, and post-cardiac arrest care on the outcomes of IHCA.
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Background
Cardiac arrest is a life-threatening event, which has a 
wide-ranging negative impact on the health care system. 
Cardiac arrest can occur both inside the hospital and 
out of the hospital as a result of various medical emer-
gencies. The outcomes of in-hospital cardiac arrest after 
cardiopulmonary resuscitation is quite good   among the 
pediatric population [1].

In-hospital cardiac arrest (IHCA) is defined as a cardiac 
arrest that occurs in a hospital (whether the patient is 
admitted or not) and for which resuscitation is attempted 
with chest compressions, defibrillation, or both [2].

In high income countries (HIC), the outcome of chil-
dren after cardiac arrest is better than that of adults, but 
in low- and middle-income countries (LMIC) the out-
come is very poor with 24-h survival ranging from 0–16% 
[3, 4].

Inadequate resources and late presentation with 
advanced stage of diseases are major challenges to 
healthcare providers in sub-Saharan African hospitals 
[4]. The outcomes of IHCA in children remain poor, 
and understanding of the factors that influence outcome 
after IHCA is lacking, specifically in sub-Saharan Africa 
populations. The purpose of this study was to evaluate 
the outcomes of pediatric in-hospital cardiac arrest at 
Muhimbili National Hospital (MNH) in Tanzania, using 
the Utstein-style reporting guidelines [5] and compare 
outcomes with those in other settings.

Methods
Study design
This was a retrospective cohort study of all pediat-
ric patients underwent CPR at the Emergency Medi-
cine Department (EMD) from 1st January 2016 to 31st 
December 2019.

Study setting
The study was conducted at the EMD at MNH in Dar 
es salaam, Tanzania. MNH is a National referral, and 
teaching hospital [6]. The EMD receives patients mainly 
from Dar es salaam and coastal regions, as well as those 
referred from other regions. The department serves 
between 150–200 patients per day; approximately one 
quarter of the patients are less than 18 years of age.

The department is staffed by emergency physicians, 
residents in the emergency medicine program, medical 
officers who have been trained on Pediatric Advanced 
Life Support (PALS), whereas majority of nursing staffs 
are trained on Basic Life Support (BLS).  The EMD has 
a customized electronic medical record developed by 
KLAS, Wellsoft Corporation that is integrated with the 
hospital health information system. The cardiac arrest 
management protocol at the EMD is adapted from the 

Pediatric Advanced Life Support of the American Heart 
Association (AHA) [7].

Inclusion and exclusion criteria
All patients from 1 month to 18 years of age who had a 
cardiac arrest from 1st January 2016 to 31st December 
2019 in the EMD were included in the study. Patients 
who arrived in the EMD in cardiac arrest, or attained 
ROSC after out-hospital cardiac arrest and re-arrest in 
EMD, those with terminal illness and received compas-
sionate care, patients in whom CPR was not initiated or 
who were brain dead were excluded.

Study procedure
A standardized and pretested data collection was 
used to retrieve data from the EMD electronic medi-
cal record. Data was retrieved from the database using 
computer generated codes such as cardiac arrest, CPR 
medications given during CPR and death. Medical record 
numbers were used to track patient files from MNH 
medical records for those who were admitted to record 
their outcomes.

The Utstein-style reporting guidelines was used to 
record 4 sets of variables; patient variables, hospital vari-
ables, event/arrest variables, and outcome variables. Col-
lected data included patient demographics, pre-existing 
conditions, use of vasoactive drugs prior arrest, use of 
mechanical ventilation before, and after cardiac arrest, 
level of consciousness, identified reversible causes of car-
diac arrest, first documented rhythm, duration of chest 
compressions, number of doses of epinephrine during 
the CPR, defibrillation attempted, and the day and time 
of arrest. Daytime/evening was defined as 7:00 AM to 
6:59 PM and night time as 7:00 PM to 6:59 AM.

Outcomes
The primary outcome was 24-h survival following car-
diac arrest at the EMD. The secondary outcomes vari-
able included sustained ROSC defined as return of signs 
of circulation lasting more than 20 min without need of 
chest compression, and survival to hospital discharge.

Statistical analysis
Data were entered into Epidata version 3.1 software 
and analysed using to Stata version 14.0 (STATA CORP, 
TEXAS USA). Categorical variables were summarized 
using frequencies, and percentage and for continuous 
variables median and Interquartile Range (IQR) were 
used. Bivariate analysis was performed to evaluate the 
influence of each of the independent variables on 24-h 
survival. Variables with p-value ≤ 0.2 at the bivariate 
analysis were included at multivariate logistic analysis. 
Adjusted odds ratio (AOR) and 95% confidence intervals 
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were calculated, variables with P < 0.05 was considered to 
be statistically significant.

Results
A total of 11,951 critically ill patients aged 1  month to 
18  years presented to the EMD from January 2016 to 
December 2019 were screened. Of these 257 patients 
(2.1%) had cardiac arrests at the EMD, and 136 patients 
fulfilled enrollment criteria (Fig. 1).

Patients’ characteristics and clinical status prior to cardiac 
arrest
Of the 136 patients enrolled, the median age was 1.5 (IQR 
0.5–3) years and 108 (79.4%) were children aged ≤ 5 years. 
The majority of children who had in-hospital cardiac 
arrest 101 (74.3%) had been referred from peripheral 
hospitals. A total of 66 (48.5%) had hypoxia and 30.1% of 
the patients had preexisting diseases (Table 1).

Cardiac arrest event and cardiopulmonary resuscitation 
characteristics
Majority of the cardiac arrests occurred during week-
days 103 (75.7%), and daytime 75 (69.1%). The first docu-
mented rhythms were non-shockable rhythms 83(95.4%), 
while bradycardia constituted about 38 (27.9%), only 2.9% 
of the patients had shockable rhythms. Median duration 
of CPR was 23 (IQR 7–30) minutes, and median num-
ber of epinephrine was 3 (IQR 1–5) doses (Table  2). In 

this cohort, pneumonia was the most (31.6%) underlying 
condition followed by sepsis/septic shock (29.4%) among 
patient who had cardiac arrest in the EMD (Fig. 2).

Outcomes of pediatric in‑hospital cardiac arrest
Overall, 70 (51.5%) patients sustained ROSC for more 
than 20  min in the EMD, and 43 (31.6%) were alive at 
24  h, while only 7 (5.2%) survived to hospital discharge 
(Table 3).

Factors associated with 24‑h survival
Overall patients who had CPR event during the day 
or evening hours had three times odds of 24-h survival 
compared to those who had CPR event during the night. 
Furthermore, the duration of CPR of less than 20  min 
was associated with high odds of survival (AOR = 13.51, 
95% CI: 13.80–48.00, p value < 0.001). Identification of 
reversible causes of cardiac arrest and having assisted/
mechanical ventilation after CPR (AOR = 7.38, 95% CI: 
2.32–23.47, p value 0.001), had significantly higher odds 
of 24  h survival compared to not having these factors 
(Table 4).

Discussion
In this retrospective cohort study, we utilize the Utstein 
reporting guidelines [5] to determine the outcomes 
and factors associated with 24-h survival after in-hos-
pital cardiac arrest among acutely ill pediatric patients 

Fig. 1  Outcomes for pediatric in-hospital cardiac arrest
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presenting to an urban emergency department of a ter-
tiary referral hospital in Tanzania. In this study we found 
one in two patients attained sustained ROSC, and 3 out 
of 10 patients were alive at 24 h following IHCA, a higher 
survival rate than that observed in other studies in sub-
Saharan countries [4, 8]. These difference in the surviv-
als between this study and other studies in sub-Saharan 
countries may be because this study was conducted in 
a facility with advanced pediatric life support training, 
and with more resuscitation resources. We found a very 

low survival to hospital discharge at only 5% is a low rate 
than most reported studies in medium and high-income 
countries [9–13], we believe this finding is contributed 
by inadequate post resuscitation care after the initial 
survival, also delayed presentation, and advanced patho-
physiology of underlying diseases at presentation.

In our study, half of the patients (50%) were infants. 
This observation is similar to the meta-analysis done by 
Young KD et  al. where younger age group with respira-
tory conditions contributed to higher percentage of car-
diac arrest [3]. This high proportion of infants who had 
IHCA may be attributable to the high prevalence of res-
piratory infections in this age group and their tendency 
to decompensate rapidly. However, age, and sex were not 
associated with 24-h survival in the multivariate analysis.

Interestingly, the survival was higher among those 
patients who had cardiac arrest event during day or 
evening, had duration of CPR ≤ 20  min, those who 

Table 1  Socio-demographics and clinical characteristics at 
admission

a Stratified according to age

Variable Frequency 
(N = 136)

Percent (%)

Age in years

   ≤ 1 68 50.0

  1–5 40 29.4

  6–12 18 13.2

  13–18 10 7.4

Sex

  Male 70 51.5

Referred 101 74.3

Altered level of consciousness 87 64

Pre-arrest vital signs

  Temperature (< 35◦C or > 37.5◦C) 48 35.3

  Tachycardiaa 92 67.6

  Bradycardiaa 10 7.4

  Tachypnoeaa 47 34.6

  Bradypnoeaa 32 23.5

  Hypoxia 66 48.5

  Hypoglycemia 28 20.6

  Hyperglycemia 31 22.8

Preexisting conditions

  Cardiac 18 43.9

  Neurologic 4 9.7

  Gastrointestinal 3 7.3

  Renal 3 7.3

  Haematologic/Oncologic 2 4.9

  Respiratory 1 2.4

  Endocrine/Diabetes 1 2.4

  Genetic/Metabolic 1 2.4

  Others 8 19.5

  None 95 69.8

Interventions in place prior cardiac arrest

  Yes 123 90.4

  No 13 9.6

  Cardiac monitor 119 87.5

  Intravenous vasopressors 6 4.4

  Assisted/Mechanical ventilation 45 33.1

Table 2  Event characteristics following pediatric in-hospital 
cardiac arrest

CPR Cardiopulmonary Resuscitation, PEA Pulseless Electrical Activity

Variable Frequency 
(N = 136)

Percent (%)

Day of arrest

  Weekdays 103 75.7

  Weekend 33 24.3

Time of the arrest

  Day 75 69.1

  Night 61 44.9

First-documented rhythm

  Asystole 28 20.6

  PEA 17 12.5

  Bradycardia 38 27.9

  Ventricular Tachycardia 3 2.2

  Ventricular Fibrillation 1 0.7

  Unknown 49 36.0

Defibrillation provided 4 2.9

Reversible causes of CA identified 78 57.3

Epinephrine doses administered

   ≤ 2 doses 56 41.2

   > 2 doses 80 58.8

Duration of CPR in Minutes

   ≤ 20 min 65 47.8

   > 20 min 71 52.2

Assisted/Mechanical Ventilation after CPR

  Yes 58 42.6

  No 78 57.4

Number of cardiac arrests

  One time 85 62.5

  Two times 39 28.7

  Three times 12 8.8
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received ≤ 2 doses of epinephrine, among those with 
identified reversible cause of cardiac arrest, and patients 
who had mechanical ventilated after CPR.

Patients who had IHCA during the daytime and even-
ing hours were more likely to survive at 24 h compared 
to those who had cardiac arrest during nighttime. The 
lower survival rate among patients who had cardiac 
arrests at nighttime are consistent with other studies [9, 
11, 14]. Lower survival rate at nighttime is an important, 
yet underrecognized concern. In our hospital, there is 
only one attending physician available during nighttime, 
and the resuscitation rooms are shared by residents and 
medical officers. In addition, there are smaller number 
of nursing officers allocated during nighttime compared 
to day/evening time, perhaps influencing the recognition 
and response to deteriorating patients and those expe-
riencing cardiac arrest. In addition, medical errors are 
more common [15], and there is reduced ability in per-
forming psychomotor skills at night [16].

In this study, analysis of the resuscitation parameters 
showed that, patients with shorter CPR duration (≤ 20 
min) were more likely to 24-h survival, coinciding with 
the findings reported in other studies [1, 10, 17]. The goal 
of effective CPR is to optimize coronary and cerebral per-
fusion pressure and blood flow to critical organs during 
the low flow phase of CA. During this phase, the only 

source of coronary and cerebral perfusion comes from 
the blood pressure generated by good chest compres-
sions. Longer duration of arrest results in a longer period 
of low cardiac output with increased potential for organ 
injury. It is unlikely that patients with prolonged duration 
of CPR and requirement of a greater number of epineph-
rine doses had effective mechanical activity of the heart. 
These findings highlight the importance of implementing 
early resuscitation measures to prevent further deteriora-
tion of the heart mechanical function.

Patients who had identifiable reversible causes of CA 
were more likely to survive at 24 h than those who had 
no reversible causes recognised. There is a paucity of 
data reporting this association in pediatric patients with 
IHCA who underwent CPR. In this study, 78 (57.5%) of 
patient who underwent CPR had their reversible causes 
of CA identified. To what extent the recognition of cause 
of cardiac arrest influences survival has not been thor-
oughly investigated in pediatric population. In a study 
conducted in adults, patients suffering an IHCA showed 
a substantial survival benefit if the causes of arrest were 
recognized by the emergency team. This finding supports 
the AHA recommendation that cardiac arrest in children 
may be associated with a reversible condition, rapid rec-
ognition, immediate high-quality CPR, and correction 
of contributing factors and potentially reversible causes 
offer the best chance for a successful resuscitation [7].

Patients who required mechanical ventilation after 
ROSC had better 24-h survival than those who were 
not mechanically ventilated. This finding is in keeping 
with a study conducted in Egypt in a similar popula-
tion of patients [18]. Post-cardiac arrest derangements 
in partial pressure of carbon dioxide (PaCO2) are com-
mon. Alterations in PaCO2 could affect outcome by 
exacerbating the ischemic insult through hypocarbia 
induced cerebral vasoconstriction or through hyper-
carbia- induced cerebral vasodilation and edema, 

Fig. 2  Underlying diseases in pediatric patients who had IHCA at EMD

Table 3  Outcomes of pediatric in-hospital cardiac arrest

ROSC Return of Spontaneous Circulation

Study outcomes Frequency 
(N = 136)

Percent (%) 95% CI

Primary outcome

  24-h survival 43 31.6 24.4–40.0

Secondary outcomes

  Sustained ROSC > 20 min 70 51.5 43.0–59.9

  Survived to hospital discharge 7 5.2 2.5–10.5
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lungs may also be damaged from trauma due to chest 
compressions, aspiration of blood/gastric content or 
development of pneumonia. Data extrapolated from 
pediatric critical care suggest that during post-car-
diac arrest care, use of mechanical ventilation lung 

protective strategies, including low inspiratory volume 
and positive end-expiratory pressure, are warranted to 
minimize lung injury and hemodynamic compromise 
[19]. Assessment of patient immediate post-cardiac 
arrest to further establish the adequacy of oxygenation 

Table 4  Bivariate and multivariate analysis for factors associated with 24-h survival following pediatric in-hospital cardiac arrest in the 
EMD

CA Cardiac Arrest, CPR Cardiopulmonary Resuscitation, PEA Pulseless Electrical Activity, UOR Unadjusted Odds Ratio, AOR Adjusted Odds Ratio, CI Confidence Interval, 
MV Mechanical Ventilation, N/A Not Applicable

Study variables 24-h Survival
n/N (%)

Unadjusted OR
UOR (95%CI)

p value Adjusted OR
AOR (95%CI)

p value

Sex

  Male 20/70(28.6) 0.78(0.38–1.61) 0.503 N/A

  Female 23/66(34.8) Ref

Referral Status

  Referred 28/101(27.7) 0.53(0.24–1.19) 0.128 N/A

  Not referred 15/35(42.8) Ref

Preexisting conditions

  Yes 13/41(31.7) 1.01(0.46–2.21) 0.988 N/A

  No 30/122(24.6) Ref

Assisted/Mechanical vent before CPR

  Yes 17/45(37.7) 1.52(0.71–3.23) 0.279 N/A

  No 26/91(28.6) Ref

Monitoring

  Yes 41(95.4) 3.94(0.86–18.08) 0.078 N/A

  No 2(4.7) Ref

Day of arrest

  Weekdays 37/103(36.0) 2.52(0.95–6.67) 0.062 5.52(1.30–24.28) 0.021

  Weekend 6/33(18.2) Ref Ref

Time of the arrest

  Day/Evening 30/75(40.0) 2.46(1.14–5.30) 0.021 5.02(1.12–22.48) 0.033

  Night time 13/61(21.3) Ref Ref

First-documented rhythm

  Yes 33/87(38.0) 2.38(1.05–5.40) 0.038 2.25(0.66–7.63) 0.194

  No 10/49(20.4) Ref Ref

Defibrillation

  Yes 2/4(50.0) 2.22(0.30,16.31) 0.433 N/A

  No 41/132(31.1) Ref

Epinephrine given

  Yes 39/131(29.7%) 0.11(0.01–0.98) 0.048 0.09(0.01–2.81) 0.175

  No 4/5(80.0%) Ref Ref

Duration of CPR

   ≤ 20 min 37/65(57.0) 14.31(5.42–37.75) 0.001 13.51(3.80–48.06)  < 0.001

   > 20 min 6/71(8.4) Ref Ref

Reversible causes of CA

  Yes 35/78(45.0) 11.31(4.80–26.69) 0.001 7.38(2.32–23.47) 0.001

  No 8/58(14.0) Ref Ref

MV after CPR

  Yes 33/54(76.7) 11.31(4.80–26.69 0.001 15.95(3.26–78.05) 0.001

  No 10/82(12.2) Ref Ref
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and ventilation is necessary to provide assisted ventila-
tion as needed.

Study limitations
This was a single site retrospective cohort study with a 
small sample size that was carried out in a tertiary hos-
pital in Tanzania, where the population and resuscitation 
measures may not be representative of the whole coun-
try which limits the generalizability of our findings. Fur-
thermore, given the retrospective nature of the study we 
relied on documented evidence of clinical care and hence 
we are unable to comment on impact of quality of CPR, 
which might influence survival outcomes.

We only analyzed factors in the first 24 h after ROSC, 
which may be the most important but not the only ones. 
Other factors that might affect the survival at discharge 
but may appear in the following days, such as nosocomial 
infections or multiple organ failure, and post-cardiac 
arrest care were not studied.

Conclusions
In our cohort of children with cardiac arrest, survival to 
hospital discharge was only 5%. Factors associated with 
24-h survival were CPR event during daytime, recogni-
tion of reversible causes of cardiac arrest short duration 
of CPR ≤ 20  min and receiving mechanic ventilation. 
Future studies should explore detection of decompensa-
tion, the quality of CPR, and post cardiac arrest care on 
the outcomes of IHCA.
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