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ABSTRACT

Objective To determine the incidence and predictors

of mortality among children admitted to the paediatric
intensive care unit (PICU) at the University of Gondar
comprehensive specialised hospital, northwest Ethiopia.
Design A single-centre prospective observational cohort
study.

Participants A total of 313 children admitted to the ICU
of the University of Gondar comprehensive specialised
hospital during a one-and-a-half-year period.
Measurements Data were collected using standard case
record form, physical examination and patient document
review. Clinical characteristics such as systolic blood
pressure, pupillary light reflex, oxygen saturation and
need for mechanical ventilation (MV) were assessed and
documented within the first hour of admission and entered
into an electronic application to calculate the modified
Pediatric Index of Mortality 2 (PIM 2) Score. We fitted the
Cox proportional hazards model to identify predictors of
mortality.

Result The median age at admission was 48 months
with IQR: 12—122, 28.1% were infants and adolescents
accounted for 21.4%. Of the total patients studied, 59.7%
were males. The median observation time was 3 days with
(IQR: 1-6). One hundred and two (32.6%) children died
during the follow-up time, and the incidence of mortality
was 6.9 deaths per 100 person-day observation. Weekend
admission (adjusted HR (AHR)=1.63, 95% CI: 1.02 to 2.62),
critical illness diagnoses (AHR=1.79, 95%Cl: 1.13 to
2.85), need for MV (AHR=2.36, 95% Cl: 1.39 t0 4.01) and
modified PIM 2 Score (AHR=1.53, 95%Cl: 1.36 t0 1.72)
were the predictors of mortality.

Conclusion The rate of mortality in the PICU was high,
admission over weekends, need for MV, critical illness
diagnoses and higher PIM 2 scores were significant and
independent predictors of mortality.

INTRODUCTION

Though paediatric intensive care units
(PICUs) are essential areas of service to save
the lives of children with acute neurological

Strength and limitation of this study

» This study was a prospective cohort study and had
used better statistical functions (survival analysis)
for better estimation and prediction of mortality.

» This study could help clinicians and healthcare
planners practice evidence-based medicine in a
resource-limited setting such as ours.

» The Pediatric Index of Mortality 2 scoring was done
based on 9 out of 11 parameters as there was no
arterial blood gas analyser in our set-up during the
study period that might result in misclassification.

deterioration, respiratory distress, cardiovas-
cular compromise, severe infections, acci-
dental poisoning and other life-threatening
conditions; organisational details of paedi-
atric ICUs in low-income settings are
lacking.'

Published data on paediatric critical care in
low-income countries remain sparse, making
practice modification and outcome improve-
ment difficult. Also, most studies done on
predictors of mortality in the PICUs are from
high-income countries and are dependent on
clinical and laboratory indices, which are not
readily available in low-income countries.”
The few studies that considered epidemi-
ologic and sociodemographic factors were
retrospective and cross-sectional, and most
did not consider essential parameters.* Deter-
mining the risk factors of mortality among
children admitted to the paediatric intensive
care will be crucial to prioritise and tunnel
resources to the most fruitful practice based
on the prediction of patient outcomes, espe-
cially in resource-limited setups such as ours.

This study aimed to determine the inci-
dence and predictors of mortality among
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children admitted to a PICU at the University of Gondar
comprehensive specialised hospital. It will add to the
knowledge of mortality and its predictors, thereby hoping
to plan the most efficient method of intervention for those
at higher mortality risk, thus contributing to recovery as
well as making the assessment of the performance of the
services delivered.

METHODS

Study design, period and setting

A single-centre prospective cohort study was conducted
among children aged 1 month to 18 years admitted to the
PICU at the University of Gondar comprehensive special-
ised hospital from 1 February 2018 to 30 July 2019.

The PICU has six beds with electronic monitors and
one mechanical ventilator; on average, there are about 25
paediatric critical care admissions per month. The organ-
isational detail of the PICU in this hospital is lacking.
Team composition is often limited to a general paedia-
trician, resident, interns and a handful of senior-level
nurses, but there are no paediatric intensivists, respira-
tory therapists, pharmacists and dieticians.

Population and sample

Patients who stayed for more than 2hours in the hospital
were included in the study. We excluded patients having
incomplete data, and surgical patients admitted only for
recovery purposes from the study.

The sample size for this study was determined using a
single population proportion of p=21%, from previous
Bangladesh study” with a 5% margin of error; the sample
size became 254, and after adding 10% contingency, the
sample became 279. A total of 376 patients were admitted
to the PICU during the study period. We collected data
from 327 patients who fulfilled the inclusion criteria.
Fourteen patients were excluded from the study due to
incomplete data.

Data collection procedure

Data were collected by treating physicians using standard
case record form after receiving consent from caretakers.
Clinical characteristics such as systolic blood pressure, pupil-
lary light reflex, oxygen saturation and need for mechan-
ical ventilation (MV) were assessed and documented within
the first hour and entered into an electronic application to
calculate the modified Pediatric Index of Mortality 2 (PIM
2) Score. We took sociodemographic data and medical
history by interview; and diagnosis, laboratory indices and
the clinical course during the hospital by chart review at
discharge. We used WHO International Classification of
Diseases 10th version (ICD-10) for disease category, and only
the primary diagnoses were used for ICD-10 assignment in
patients having multiple diagnoses. The collected data were
double checked by the data collector and the principal
investigator. There were orientations and training about
data collection and the study’s objective every 3months
and demonstration every Monday for treating physicians

and data collectors. The principal investigator supervised
the overall process and checked the completeness of case
record forms everyday. No direct patient care was provided
by investigators, who only accessed patients’ records.

Variable of the study and operational definitions

The primary dependent variable was time to death
(event). In contrast, sociodemographic characteristics
included age, sex, relation with the caregiver, caregiver’s
educational status and occupation. Clinical characteris-
tics included duration of illness before admission, source
of admission, critical illness diagnosis, comorbidity, nutri-
tional status, vaccination status, interventions given in the
PICU and before admissions such as fluid resuscitation,
modified PIM 2 Score, multiorgan dysfunction syndrome
(MODS) and complications.

Event (death): is defined as a patient who died in the
hospital during treatment.

Censored: refers to patients who were discharged alive
from the PICU or those with no event of interest.

Length of stay (LOS): refers to the duration of stay in
days from the date of admission to the date of discharge.

Short-term outcome: the outcome of the patient until
he or she leaves the hospital.

Critical illness: refers to sepsis, severe sepsis or septic
shock within 24hours of admission or acute respiratory
distress syndrome during PICU admission.

MODS: refers to a potentially reversible physiologic
derangement in two or more organ systems

Data processing and analysis

After we checked the data for its consistency and complete-
ness, we entered data into EpiData V.3.1 and exported to
STATA V.14 for cleaning and analysis. Descriptive statistics
such as mean, median and proportions were carried out to
summarise baseline characteristics and admission patterns.
Also, summary statistics such as life table, log-rank test and
Kaplan-Meier curves were computed to determine the inci-
dence rate of death and to compare survival curves between
the different categories of the explanatory variables.

Both bivariate and multivariate Cox proportional
hazards models were used to identify the predictors.
Variables with p value<0.2 in the bivariate analysis were
entered into the multivariate proportional hazard model.
Ninety-five per centCI of HRs were computed, and vari-
ables with p value<0.05 in the multivariate Cox propor-
tional hazards model were considered significantly and
independently associated with the dependent variable.
Cox proportional hazards model fitness was checked
using the Schoenfeld residuals test.

Patient and public involvement
There was no direct patient contact, and investigators
accessed only patient records.

RESULT

Sociodemographic characteristics

A total of 313 patients out of 376 admitted during the
18-month study period were included in the final analysis.
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Table 1 Sociodemographic characteristics of patients

Table 2 Clinical condition of patients

Percentages

Characteristics Frequency (%)

Percentages

Characteristics Frequency (%)

Age in months

<12 88 28.1

13-24 29 9.3

25-60 66 21.1

61-132 63 20.1

>132 67 21.4
Sex

Male 188 59.7
Vaccination status

Complete 203 64.9

Incomplete/unvaccinated 110 35.1
Comorbid illness (n=43)

Congenital malformations/ 12 27.9

genetic disorders

Cerebral palsy with or 11 25.6

without seizure disorders

Chronic kidney disease 7 16.3

HIV/AIDS 6 14

Others 7 16.3

The median age at admission was 48 months with IQR:
12-122, with a male-to-female ratio of 1.7:1, as shown in
table 1. The majority of caregivers (92.9%) were parents.
More than three-fourth (77.6%) of caregivers had no
formal education, and 71.2% were farmers. Most patients
were admitted in the spring season (38. 3%), followed by
winter (27.2%) (table 1).

The clinical condition of admitted children

The primary source of admissions in the PICU was the
emergency room (60.4%), inpatient paediatrics wards
(13.1%) and referrals from other facilities (11.8%). More
than three-fourth (77%) of patients were admitted over
weekdays and 41.5% in the night shift. The median dura-
tion of illness before any health facility visit and admission
to PICU was 3 (IQR: 1-7) and 6 (IQR: 3-13) days. One-
third of patients had critical illness diagnoses, of which
41% had sepsis, 47% septic shock, and the remaining
(12%) had acute respiratory distress syndrome. About
one-third of patients (30.7%) had MODS. The minimum
modified PIM 2 Score was -6.46 (with predicted mortality
rate=0.2%), and the maximum score was 2.47 (predicted
mortality rate=92.2%). The mean predicted mortality rate
based on the modified PIM 2 Score was 11.14%, which
gave the standard mortality ratio of 2.94 (table 2).

ICU outcomes and the incidence of mortality

Nearly one-third of patients (32.6%) died in the PICU.
Severe sepsis or multiorgan failure (41.2%) was the
leading immediate cause of death in the PICU followed
by respiratory failure (23.5%), brain herniation (21.6%)

Duration of illness before PICU
admission in days

<6 days 71 22.7
>6 days 242 7.7
Multiorgan dysfunction
syndrome
Yes 96 30.6
No 217 69.4
Sources of admission
Home 36 115
Other facilities &y 11.8
Emergency room 189 60.4
Wards and operating rooms 51 16.3
Need for mechanical
ventilation
Yes 37 11.8
No 276 88.2
Nutritional status, z-score
Normal 163 52.1
Moderate acute malnutrition 50 16
Severe acute malnutrition 100 31.9
Reasons for PICU admission
Altered mental status 145 46.3
Respiratory failure 82 26.5
Sepsis 59 18.8
Shock 55 17.6
Seizure 46 14.7
Diabetic ketoacidosis 24 7
Acute kidney injury 24 7
Congestive heart failure 21 6.7
Haemorrhage 14 45
Trauma 6 1.9
Others 23 7.3

PICU, paediatric intensive care unit.

and cardiac arrest (12.7%). Fiftysix patients (17.9%)
developed complications during their stay in the PICU,
including hospital-acquired sepsis (46.4%), hospital-
acquired pneumonia (17.9%) and mechanical ventilator-
associated complications (10.7%).

Study subjects were followed during the study period,
which gave a total of 1473 person-day observations (49.1
person-months), and the median LOS in the ICU was 3
(IQR: 1-6) days. Of the 313 participants, 102 (32.6%)
died during the follow-up time. The incidence of mortality
was 6.9 deaths per 100 person-day observations (95% CI:
5.34 to 8.34 deaths per 100 person-day). Among deaths
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Figure 1 Kaplan-Meier failure (death) estimates curves by
days of admission.

reported, more than half (53.9%) died within 24 hours, 13
(12.7%) died between 24 and 48 hours and the remaining
died after 48 hours of admission. Differences in all vari-
ables at baseline between strata were determined using
the logrank ()®) test, and the equality of hazard was
assessed for the different explanatory variables. Kaplan-
Meier failure curve was plotted for weekend admission (p
value=0.039), and critical illness (p value=0.0001) shows a
significant differenceand. (figures 1 and 2)

Predictors of mortality in the PICU

The Cox proportional hazards model was fitted to iden-
tify predictors of mortality. From the multivariate anal-
ysis, caregivers’ occupation, weekend admission, critical
illness diagnoses, PIM 2 Score and need for MV were
predictors of mortality. Mortality was 65% lower for
those whose caregivers were government employees than
farmers (AHR=0.35, 95% CI: 0.14 to 0.89). The hazard
of mortality was 1.63 times higher for patients admitted
over weekends (AHR=1.63, 95% CI: 1.02 to 2.60) and
1.79 times higher in patients who had critical illness diag-
noses (AHR=1.79, 95% CI: 1.13 to 2.85) compared with
weekday admission and those without critical illness diag-
nosis, respectively. Similarly, each one-unit increase in the
modified PIM 2 Score increased the hazard of mortality
1.53 times, keeping other variables constant (AHR=1.53,
95% CI: 1.36 to 1.72). Also, those patients who met the
criteria for MV, the hazard of mortality was 2.36 times
higher compared with those who did not need MV
(AHR=2.36, 95% CI: 1.39 to 4.01) (table 3).

Kaplan-Meier failure estimates
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Figure 2 Kaplan-Meier failure (death) estimates curves by
critical illness. ICU; intensive care unit.

DISCUSSION

Our study is the first report from a prospective study in
a PICU in Ethiopia that demonstrates the mortality is
high and identified predictors of mortality such as lack
of appropriate human resources (weekend admission),
critical illness diagnosis and need for MV. These find-
ings help clinicians, and healthcare planners practice
evidence-based medicine in a resource-limited setting
and effective prognosis tailored care and resource
utilisation.

The proportion of mortality (32.6%) in this study
with a rate of 6.92 deaths per 100 person-day observa-
tion was consistent with the mortality rate in retrospec-
tive cross-sectional studies done in the same PICU from
2013 to 2016 (30.9%),° and other studies in low-income
countries in Africa which ranged from 25% in Mozam-
bique to 50% in Rwanda.”® However, it is lower than
the finding of a retrospective cross-sectional study done
in Jimma, Ethiopia, (40%).’ The difference could be
attributed to the higher proportion of trauma patients
admitted in their PICU compared with ours. When we
compare it with other lower and middle-income coun-
tries, the mortality rate in our PICU is higher than the
mortality rates in studies done in Pakistan (14%) " and
India (10.58%)."" The possible explanation for the
observed discrepancies might be suboptimal care, the
inadequacy of diagnostic and interventional facilities in
our PICU.

Children admitted over the weekends had nearly two
times increased risk of mortality than those admitted over
weekdays, consistent with the findings of studies done in
Canada, Finland and Austria.'*"* This increased mortality
over weekends might be due to failure to promptly recog-
nise deteriorations among patients in the wards and
other sources as a result of reduced staffing ratios. Access
to diagnostic services is limited during weekends, which
limits the likelihood of arriving at diagnoses. Further-
more, there could be unrecognised deteriorations during
handoff and round times and delays in administering
interventions. However, our finding was not supported
by three American studies and studies done in the UK
and the Ireland."” ' This discrepancy could be explained
by the better standard of care they have and 24hours
around the clock staffing. Better weekend coverage and
full hour staffing are recommended for a better critical
care delivery.

This study also highlighted how being a caregiver who
is a government employee was associated with lower risk
mortality compared with caregivers of peasants. This
finding could be explained by differences in health-
seeking behaviour, access to funds for transportation
and early identification of danger signs between them.

The child who had a critical illness diagnosis had an
increased risk of mortality than those who had not. This
difference could be because patients with critical illnesses
have a low reserve of physiologic function. This finding
was consistent with other studies.'” '®
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Status ‘
Variables Event Censored CHR (95% Cl) AHR (95% CI)

<12 28

(o]
o
—_
—_

25-60 26

N
o

1.30 (0.75 to 2.23) 1.15(0.63 to 2.08)

>132 18

N
o

0.92(0.50 to 1.67) 1.61(0.84 to 3.08)

Urban 28

N
w
-
-

Caregivers’ level of education

Primary and above 6 16 0.78 (0.34 to 1.80) 1.26 (0.51 t0 3.13)

Farmers 72 151 1 1

Government employee 7 24 0.50 (0.22 to 1.16) 0.35 (0.14 to 0.89)*

Day of admission

Weekend 31 41 1.47 (0.96 to 2.26) 1.63 (1.02 to 2.60)*

Home 9 27 1 1

Emergency room 55 134 1.13 (0.56 to 2.29) 1.59 (0.72 to 3.48)

Duration of illness before PICU
admission

>6 days 63 104 1.43 (0.96 t0 2.12) 0.97 (0.62 to 1.54)

No 85 185 1 1

Critical illness diagnosis

Yes 49 51 2.05 (1.39 to 3.04) 1.79 (1.13 to 2.85)*

Normal 45 118 1 1

Severe acute malnutrition 42 58 1.67 (1.09 to 2.55) 1.69 (0.94 to 2.61)

Mechanical ventilation need

Yes 23 14 1.93 (1.20 to 3.10) 2.36 (1.39 to 4.01)*
Continued
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Table 3 Continued

Status
Variables Event Censored CHR (95% Cl) AHR (95% CI)
No 86 190 1 1
Yes 16 21 2.39 (1.20 to 4.73) 1.62 (0.79 to 3.31)
Fluid resuscitation intervention before PICU admission
No 44 105 1 1
Yes 58 106 1.24 (0.83 to 1.84) 0.92(0.59 to 1.44)

*Shows statistical significance at a p value of 0.05.
AHR, adjusted HR; CHR, crude HR; PICU, paediatric intensive care unit.

Among many disease severity assessment tools at base-
line, PIM 2 does not need extensive laboratory investiga-
tion, and it is not affected by subsequent interventions
since it is scored within 1 hour of admission resulting in
early identification of the severity of illness and stratifi-
cation of children for necessary intervention," which
in turn helps in counselling caregivers of sick children.
We used a modified PIM2 Score as there was no arte-
rial blood gas analyser in our PICU during the study
period. A unit increment in the modified PIM 2 Score
doubled the hazard of mortality, which shows the score
is sensitive in detecting morality, and this scoring system
is also validated and applicable in many PICUs across
the world.*** The higher observed mortality rate than
the predicted ones by the modified PIM 2 Score in our
study indicates the poor quality of intensive care in our
setting. Using the modified PIM 2 Score to focus the
care on those with dangerous modified PIM2 scores,
prognosticate outcomes and tunnel resources to the
most in need patients will improve the critical care
outcome in low-income settings.

Patients who had respiratory failure, and those who
met the criteria for MV, had increased mortality than
those who did not have indications for ventilation.
This finding is consistent with the findings from other
studies.” *° Patients who need MV tend to have advanced
disease stages. This finding can also be attributed to a
limited number of mechanical ventilators in our PICU.
There might also be unrecognised ventilator-associated
complications in those who were placed on a mechanical
ventilator.

Strength and limitations of the study

This study is a prospective cohort study with a better
statistical function (survival analysis). The PIM 2 scoring
was based on 9 out of 11 parameters as there was no
arterial blood gas analyser in our PICU during the study
period. The availability of medical equipment and PICU
quality of care and their impact on patient survival was
not adequately assessed using standard parameters.
Paediatric critical care is not just about saving lives, so
the degree of physiologic function retained at discharge
should have been assessed using a standard checklist for
all discharged patients.

CONCLUSION

The rate of mortality in the PICU was high, and admis-
sion during weekends, need for MV, critical illness diag-
noses and higher modified PIM 2 Score were significant
and independent predictors of mortality. Full staffing
around the clock including better weekend coverages,
and paying due attention for early signs of critical illness
may improve intensive care outcomes. Using the modi-
fied PIM 2 Score to focus the care on those with risky
scores, tunnel resources to the most in need patients and
counselling of caregivers might be advisable.
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