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Objectives: To identify the causes, modes, and timing of
death in a tertiary pediatric intensive care unit (PICU).

Methods: This is a retrospective data analysis of patients
older than 48 hours and younger than 15 years who died
in the PICU over a 5-year period from January 2012
until December 2016 at a tertiary hospital in Riyadh,
Saudi Arabia.

Results: There were 101 deaths out of 2295 admissions,
representing average crude mortality rate of 4.4%.
Sepsis was the most common cause of death in 31
patients (30.7%), followed by lower respiratory tract
infections in 19 (18.8%), and cardiac diseases in 12
(11.9%). Failed cardiopulmonary resuscitation was
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the most common mode of death in 51 patients (50.5%),
followed by withholding life-sustaining

treatment in 43 (42.6%), and brain death in 7 (6.9%).
Although more deaths occurred during after hours
(n=70; 69.3%), there was no significant correlation
between mode of death and working hours vs. after hours
(p>0.05). Among the cohort, 63 patients (62.4%) had an
infection-attributed mortality, of which 43 (68.3%) were
bacterial, 14 (22.2%) were viral, and 10 (15.9%) were
fungal.

Conclusion: Infections remain a significant cause of
death in the PICU. Further improvement of prevention
programs and early therapy of severe infections could
lower pediatric mortality. This report highlights the need
for enhancing palliative care programs. The low rate of
brain death diagnoses warrants further investigation.
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here are several causes of mortality in the pediatric

intensive care unit (PICU), where the majority
of pediatric deaths occur. Respiratory failure, sepsis,
cancer, cardiac diseases, and neurological injuries
are the most common causes of PICU mortality.!
Whereas respiratory failure and neoplastic conditions
were reported as the most common causes of death in
developed countries, sepsis and sepsis-related diagnoses
were the most common causes in developing countries.'
Understanding the epidemiology and characteristics
of pediatric mortality is difficult due to changes in
healthcare services and their impact on public health.

Patterns and changes in modes of death over time
are also important. Modes of death are categorized into
3 main types: withholding life-sustaining treatment
(WLST), brain death, and failed cardiopulmonary
resuscitation (F-CPR).! Studies indicate that WLST is
the most common mode of death in Europe, the United
States (US), and Australia among children in PICU.*7
However, the question regarding common causes and
modes of deaths in pediatrics remains open in Saudi
Arabia due to a scarcity of studies, and additional
information is required to further clarify local patterns
and changes.® Understanding these changes and patterns
could facilitate further planning of effective quality
initiatives, optimize resource allocation, and reframe
training programs to deal with end-of-life issues.’
Therefore, this study aimed to provide further insight
into common causes, modes, and timing of death in the

PICU by reviewing local data.

Methods. This retrospective cohort study was
conducted at King Saud University Medical City,
Riyadh, Saudi Arabia. Our PICU is a 14-bed, tertiary-
level, combined medical and surgical (non-cardiac) unit
staffed by certified pediatric intensivists. Although our
PICU receive referred cases from other institutions,
most of the admissions to the PICU are from emergency
department and hospital wards. An accredited pediatric
intensive care fellowship program is run at the PICU.
Data was collected for the period starting from January
2012 until December 2016. Data was collected for
patients who were older than 48 hours and younger
than 15 years old and had been admitted to the PICU
with a recorded outcome of death. Deaths outside the
PICU or the specified age ranges were excluded. The
mortalities less than 48 hours were not included to
avoid mortalities due to perinatal causes.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Data retrieved through medical records included
demographic data (age and gender) and admission data
(date, time of PICU admission and whether this day was
a weekday or weekend). Collected clinical data included
primary cause of death, mode of death (WLST, brain
death, or F-CPR), date and time of death (year, month,
day, hour), and the patients code status upon death
(whether active code or do not resuscitate [DNR]).

Modes of death were classified as follows: F-CPR,
defined as failure of resuscitation procedures and
medications leading to death; WLST, defined as a
conscious decision to stop or not to initiate a treatment
if such treatment is judged by the treating team to
be futile (commonly referred to as a DNR order);
and brain death, defined as permanent cessation of
entire brain functions following the Saudi Center for
Organ Transplant definition and diagnostic criteria.”!
The primary cause of death was defined as the most
important diagnosis that led to death, and each cause
of death was assigned to a categorical diagnosis based
on the system or mechanism of injury associated with
it. For instance, the cardiac disease refers to congenital
and acquired cardiac conditions leading to heart failure.
For sepsis, the definition of the international consensus
conference on pediatric sepsis was considered."

Times of death were divided into working hours,
which included weekdays from 7:00 to 15:59, and after
hours, which included weekdays from 16:00 to 6:59
and all hours during the weekend. The demographics
and outcome data, such as causes and modes of
death, are presented as frequencies or percentages.
The dichotomous/categorical variables are expressed
as proportions, while the continuous variables are
expressed as a median and standard deviation or median
and interquartile range.

To compare the groups, statistical analyses were
conducted using Chi-squared () tests for categorical
variables. For continuous variables, t-tests and Mann-
Whitney U tests were used to compare means and
medians. The bivariate analysis was carried out to
test correlations between modes of death and other
variables in relation to working hours and after hours.
Additionally, we compared modes of death and other
variables in relation to PICU length of stay to test for
different mortality profiles for those who died within
the first week of admission to the PICU compared to
those who died later.! The Statistical Package for the
Social Sciences, Version 23 (IBM Corp., Armonk, NY,
USA) was used for the statistical analysis.

This study was conducted after approval by the
Institutional Review Board of King Saud University,
approval project number (E-17-2310). All data were
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de-identified during data analysis. Due its retrospective
design and anonymous data, informed consent was
waived by the Institutional Review Board.

Results. There were 101 deaths out of 2295
admissions from 2012-2016, accounting for average
crude mortality rate of 4.4%. Of these 101 deaths, 52
(51.5%) were females and 49 (48.5%) were males. The
mean age was 49.9+53.4 months. Almost half of the
patients (n=49, 48.5%) who died were 24 months or
younger. Most deaths (n=70, 69.3%) occurred during
the after hours. Table 1 shows the distribution of patients
based on demographics and clinical characteristics.

The code status upon death was DNR order in
50 (49.5%) patients, and their mode of death was either
brain death or WLST. Sepsis was the most commonly
reported cause of death (30.7%), followed by lower
respiratory infection (18.8%) and cardiovascular causes
(11.9%). Among the 101 reported deaths, most of the
patients (n=63, 62.4%) presented with an infection

Table 1 - Demographics and clinical characteristics of mortalities

(N=101).
Variables n (%)
Female 52 (51.5)
Age (montbhs), Mean+SD 49.9+53.4
<12 months 36 (35.6)
12-24 months 13 (12.9)
>24 months 52 (51.5)
Hospital admission in the working hours 86 (85.1)
Categorical diagnosis
Respiratory 37 (36.6)
Sepsis 31 (30.7)
Cardiac disease 12 (11.9)
Tumors 7 (6.9)
CNS 6(5.9)
Trauma 5(5.0)
Other 3 (3.0)
Time of death
Working hours 31 (30.7)
After hours 70 (69.3)
Quarter of the year
Ist quarter 28 (27.7)
2nd quarter 23 (22.8)
3rd quarter 23 (22.8)
4th quarter 27 (26.7)
Length of stay
Hospital, median (Qrt.1-Qrt.3) 10 (3, 37)
PICU length of stay days, median (Qrt.1-Qrt.3) 6(2,18.5)

SD: standard deviation, CNS: central nervous system, PICU: pediatric
intensive care unit

upon PICU admission. Bacterial infection was the
highest reported type of infection (n=43, 68.3%), all of
which had positive blood cultures. Respiratory samples
such as tracheal aspirate and broncho-alveolar lavage
fluid cultures were reported in 33 (28.2%) patients.
Other sample sites included urine, cerebrospinal fluid
(CSF), skin, and peritoneal fluid or drain. The modes
and causes of death are summarized in Table 2. The
causes of brain death were traumatic brain injury in
4 cases, brain anoxic injury following cardiac arrest
and return of spontaneous circulation in 2 cases,
and one patient suffered from severe hypoxic insult
following refractory and prolong seizer due to advanced
neurodegenerative disease.

The bivariate analysis of mortalities in relation to the
working or after-hours” time of death revealed similar
distribution with no significant correlation between

Table 2 - Modes and causes of mortalities (N=101).

Variables n (%)
Mode of death
F-CPR 51 (50.5)
WLST 43 (42.6)
Brain death 7 (6.9)
DNR order 50 (49.5)
Cause of death
Shock - septic 31 (30.7)
Lower respiratory infection 19 (18.8)
Cardiac diseases 12 (11.9)
Respiratory failure due to CNS disease 12 (11.9)
Tumors 7 (6.9)
Pulmonary hemorrhage 6(5.9)
Other* 14 (13.9)
Presented with infection upon admission 63 (62.4)
Tyjpe of infection identified across admission**
Bacterial 43 (68.3)
Viral 14 (22.2)
Fungal 10 (15.9)
Undetermined” 4(6.3)
Site of sample
Blood 43 (36.7)
Respiratory 33 (28.2)
Urine 20 (17.1)
CSF 9(7.7)
Other sites® 12 (10.3)

F-CPR: failed cardiopulmonary resuscitation, WLST: withholding life-
sustaining treatment, DNR: do not resuscitate, CNS: central nervous
system, CSF: cerebrospinal fluid, * others include: renal failure, liver

failure, primary immunodeficiency, trauma, massive stroke, CNS
infections, and intracranial hemorrhage. ** Eight patients had mixed
infections. * Clinically suspected infection but no positive cultures. @
Include skin, peritoneal and body fluid
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these modes of death and the time of death. During
after hours, F-CPR was reported in 36 (51.4%) patients,
followed by WLST in 29 (41.4%) and brain death
in 5 (7.1%). Appendix 1 shows a bivariate analysis of
mortalities in relation to working and after-hours’ time
of death.

Almost half (51.5%) of the patients died in less
than one week of their PICU admission. Patients
who were presented with infections upon admission
were more likely to stay a week or more in the PICU
(p=0.025). Also, patients who stayed a week or more
in the PICU were found to have significantly higher
numbers of bacterial (p=0.039) and fungal (p=0.015)
infections. Death following WLST was significantly
higher in patients who stayed one week or more in the
PICU (p=0.013). Similarly, mechanical ventilation was
higher among patients who stayed one week or more
in the PICU (p=0.045) as well as patients who received
total parenteral nutrition (p=0.021). Finally, regarding
mortalities in this cohort, patients who had an assigned
DNR status by the caring medical team were more likely
to have stayed a week or more in the PICU (p=0.007).
Table 3 shows a bivariate analysis of PICU length of
stay in relation to patient demographics and clinical
characteristics.

Discussion. Differences in the PICU mortality rate
in different regions in Saudi Arabia have been noted. In
this study, the crude mortality rate was 4.4%, which is
lower than previously reported local data (6.5%).* Our
PICU crude mortality rate was marginally higher than
international rates reported from developed countries
(2.4-4.1%) butlower than reported crude mortality rates
in developing countries (12.9-18%).>'* The differences
in these unadjusted mortality rates are due to multiple
factors, such as the population age range included in
these reports and available healthcare resources. For
instance, patients up to 14 years old can be admitted
to the PICU in Saudi Arabia, whereas older pediatric
patients are cared for in adult ICUs. This might explain
the marginally higher locally reported mortality rates as
more deaths are predicted in young infants and children
compared to adolescents.®> Furthermore, population
distribution may have similar implications, as 30.4%
of the Saudi population are younger than 14 years
compared to only 19.1% of US citizens.'*"> Another
possible reason for the difference in mortality rates
is the availability of long-term facilities, home care,
and advanced palliative care programs. In developed
countries, most chronic or terminal patients are cared
for outside of the PICU, and thus their mortality rates
are not reflected in the data. The socio-demographic

index (SDI) is another factor affecting mortality rate,
with lower SDI countries having a higher mortality
rate in general.'® Nevertheless, crude mortality rates are
generally inaccurate for benchmarking, and adjusted
mortality rates should be implemented instead as a
standardized quality indicator.

Regarding the demographic characteristics of deaths
among pediatric patients, no difference in mortality was
found regarding the gender. However, a pattern was
found for age, with a higher percentage rate reported
among younger patients. This finding is comparable to
some US-based hospitals mortalities, which reported
a median age of 24 months among their pediatric
mortalties." Moreover, the reported pattern of higher
mortality in the younger age group in our study is
consistent with the global mortality estimate over the
last decade.”” These findings emphasize the high risk
among this age group for health care providers and
health authorities. Further clarifying the underlying
risk factors that lead to death among this age group
can assist authorities with implementing strategies to
minimize these risks and save lives.

Infections remain a major concern in childhood
mortality."”'® More than half of the patients in this
study had an infection associated with their primary
cause of death, indicating that septic shock was the
most common cause of death. These results show a
comparable trend to the causes of death in previous
reports, in which sepsis-related diagnoses were the main
causes of death in developing, and to a lesser extent,
developed countries’ PICUs.'>"

The age profile of patients who died from septic
shock in this cohort revealed that sepsis diagnosis was
more frequent in a younger age group (median age of 7
months), which was generally younger than the ages of
children who died from other causes. In contrast to older
children, infants, including those born prematurely,
have a higher rate of severe sepsis and thus a higher risk
of dying from sepsis.”

The highest number of infections were detected
in blood samples followed by samples taken from the
respiratory system. This indicates that lower respiratory
infections were the second common cause of death
in this cohort, which is similar to the global trend.”!
This highlights an area of ongoing challenge for more
research into such preventable and curable causes of
death. The early recognition and initiation of broad-
spectrum antimicrobials and meticulous surveillance for
infections is warranted, as many patients may develop
co-infections through their complex PICU course.***

Because F-CPR is the default mode of death, we

expected it to be more common compared to the other
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Table 3 - Length of PICU stay in relation to demographic and clinical characteristics, with bivariate analysis for groups with shorter and longer than

one-week PICU stay.

Demographics <1 week (n=52) >1 week (n=49) Test statistic P-value
n (%)

Gender

Female 27 (51.9) 25 (51.0) 201V

Male 25(48.1) 24 (49) x(1)=0.01 0928
Age (months), mean+SD 52.81+51.6 46.8+55.6 £ (99)=0.60 0.889
Presented with infections upon admission 27 (51.9) 36 (76.5) x*(1)=4.99 0.025
Tipe of infection identified across admission

Bacterial 17 (32.7) 26 (53.1) %*(1)=4.30 0.039

Viral 7 (13.5) 7 (14.3) %*(1)=0.02 0.905

Fungal 1(1.9) 9 (18.4) %*(1)=5.92 0.015

Undetermined* 3 (5.8) 1(2.0) %*(1)=0.202 0.653
Intensive care interventions

Mechanical ventilation 44 (84.6) 48 (98.0) %*(1)=4.01 0.045

Total parenteral nutrition 4(7.7) 12 (24.5) x*(1)=4.34 0.021

Inotropic support 39 (75.0) 36 (73.5) %*(1)=0.03 0.860

Blood product transfusions 21 (40.4) 21 (42.9) %*(1)=0.06 0.801
Mode of death

F-CPR 31 (59.6) 20 (40.8) x*(1)=3.57 0.059

WLST 16 (30.8) 27 (55.1) %*(1)=6.11 0.013

Brain death 5(9.6) 2 (4.1) %*(1)=0.50 0.482
DNR order 19 (36.6) 31 (63.7) %*(1)=7.30 0.007
Cause of death

Shock - septic 13 (25.0) 18 (36.7)

Lower respiratory infection 9(17.3) 10 (20.4)

Cardiac diseases 10 (19.2) 2 (4.1)

Respiratory failure secondary to CNS disease 5(9.6) 7 (14.3) %x*(6)=9.7 0.14

Tumors 3(5.8) 4(8.2)

Pulmonary hemorrhage 4(7.7) 2 (4.1)

Other 8 (15.4) 6(12.2)

PICU: pediatric intensive care unit, SD: standard deviation, F-CPR: failed cardiopulmonary resuscitation, WLST: withholding life-sustaining treatment,
DNR: do not resuscitate, CNS: central nervous system

modes of death. The literature varies regarding the
frequency of different death modes, both regionally and
globally."*®!> For instance, Chehab et al,” described
F-CPR as the most common mode of death in a
tertiary ICU in Saudi Arabia. In contrast, Alayed et al,®
described WLST as the most common mode of death
in another Saudi hospital. The differences between these
studies could be related to the types and severity of
cases, as hemato-oncology causes were the main cause
of death in Alayed et al,® cohort. Multiple studies have
reported WLST as the most common mode of death
in Western hospitals."””® The reported differences are
likely to be multifactorial; cultural differences, income,
and education contribute to different perceptions on
DNR orders. For instance, the community’s religious
perspectives regarding the concept of DNR can play
an important role. Hileli et al,”” reported that 61.5%
of Muslim parents and 88.9% of Christian parents
consented for DNR for their children with solid tumors,
and higher income and education significantly increased
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the decision to sign a DNR. Hafez at al,”® demonstrated
that Islamic faith positively impacted the care and
influenced the acceptance of decisions in relation to
end-of-life issues, in a cohort of Saudi mothers caring
for children with terminal illnesses. Another crucial
factor is the perception of doubts regarding legal
protections and liability lawsuits, which may hinder or
delay the application of DNR orders.”” The integration
of well-trained palliative care staff within or in liaison
with the PICU could largely facilitate communication
between health care providers and families about end
of life. Such improvements in communication might
prevent futile interventions and result in a smooth
transition towards better patient comfort and resources
allocation.! #6712

In this cohort, patients with WLST had a higher
median length of both hospital and PICU stay.
Sicker patients could need further treatments and
interventions, which eventually become futile. Other
factors contributing to a longer stay could be a delay
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in the determination of code status for those chronic
patients who were pre-identified as candidates for
a DNR order. Additionally, communication failure
between the health care team and family may
contribute to longer stays for patients whose lives
ended with WLST. Multiple reports have stated that
patients with chronic and complex diseases tend to
have limitation of life support treatment.'>* Although
disparities in end-of-life goals for chronic and complex
patients occur, they could be more likely to go through
WLST, which might be attributed to medical reasons,
avoidance of suffering, and effective communication
with family.**?' Some parents may even change their
attitude towards end-of-life care from full support to
DNR and palliative care after building up trust and
having focused communications with health care
providers.*? Thus, early engagement of palliative care
services, when available, and initiation of end-of-life
discussions could smooth family acceptance of limiting
life-sustaining interventions when deemed futile.*®

Most deaths (69.3%) occurred during the after
hours in the current study, which is justified as the
after hours constitute two thirds of the day. Although
an increase in the number of F-CPR deaths during
after hours (including weekends) was reported, there
is limited information about other modes of death in
correlation to working hours in PICUs.?** The increase
in the number of F-CPR deaths during after hours
could be due to a shortage of available medical expertise
in homes compared to the working hours.*>*¢ However,
the percentages of F-CPR deaths during working hours
and after hours were similar to each other in our study.
Furthermore, in relation to patient outcomes and timing
of admissions or events, a previous prospective cohort
study in a Saudi PICU found no significant difference
in mortality amongst patients who were admitted
to the PICU during working hours compared with
after-hours.” However, a shortage of staff or increased
workload may contribute to higher mortality due to
medical team fatigue, especially during the weekends,
as other large data reports have described.??

Brain death or death by neurological criteria occurred
in 6.9% of our cohort, which is less than previous local
reports of 9.7% and 15% of other studies’ cohorts.**
There were no significant interval changes in the national
protocol for brain death diagnosis.'” Furthermore, there
is a noticeable trend of decreasing rates of brain death
diagnosis in the last 2 decades when standardized to
cases per 1000 admissions per year: 7.7 in 2003 by
Chehab et al,” 6.3 in 2014 by Alayed et al,® and 3.2 in
2021 by our study. These differences raise the possibility
of a potential decrease in local rates of pediatric brain

death diagnoses that needs to be confirmed in a large
multicenter epidemiological study. This trend could
also be due to differences in patients” diagnoses.

However, the possibility of under-diagnosis is remote
given to the tertiary level of the publishing centers. In
contrast to relatively low rates of brain death diagnoses
in Saudi Arabia, brain death occurred in 20.7% of
pediatric deaths in a large database analysis in the US,
with trends towards more brain death diagnosis per year
and size of PICU. Meanwhile, data from New Zealand
and Australia revealed an incremental increase in the
rate of brain death diagnoses by 0.72% per year.>* The
variability in brain death protocols are well-documented
worldwide, which triggered the World Brain Death
Project to provide consensus-based recommendations
for brain death determination criteria.” It is important
to determine such critical diagnoses because brain death
is the gateway for organ donation programs.

Study limitations. Our study was a retrospective
data analysis, which was justified by the nature of
mortality events as the outcome of interest and its
rare occurrence. Also, a limitation that needs to be
considered in interpreting this study’s results is that
the data came from a single hospital. The lack of
autopsy-based confirmation of the cause of death was
one limitation that we could not avoid due to the legal
limitations of practicing autopsy according to the local
law and regulations.

This study adds to previous reports addressing similar
questions related to modes of death, updates the local
PICU mortality data, and highlights for the first time
infections attributed to pediatric mortality locally in
view of various changes in current critical care settings
and the changing landscape of national health care.
This study partially illustrates the need for a large-scale
epidemiological study of severe infections and emphasis
on the adoption of quality projects to improve the
management and outcome of sepsis.”! Furthermore, our
study highlights the need for national initiatives to raise
awareness of palliative care among the community and
to provide specialized palliative care training programs
to pediatric health care providers.

In conclusion, infections remain a significant cause
of death in the PICU. Septic shock and lower respiratory
tract infections were common causes of death in this
cohort. Further improvement of prevention programs
and early aggressive therapy for severe infections could
lead to a significant improvement in pediatric mortality.
While WLST mode of death was second to F-CPR
mode, this report highlights the need for enhancing
end-of-life decision making and palliative care
programs. The decreasing rate of brain death diagnoses
warrants further investigation.
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Appendix 1 - Time of death in relation to demographic and clinical characteristics, bivariate analysis of mortalities time of death (working/after hours).

Demographics Time of death Test statistic P-value
Working hours (n=31) After hours (n=70)
n (%)

Gender

Female 20 (64.5) 32 (45.7) 201y

Male 11 (35.5) 38 (54.3) w(1)=3.04 0.081
Age (months), mean+SD 52+57.3 48.91+51.9 £ (99)=0.30 0.786
Hospital admission time 26 (83.9) 60 (85.7) x*(1)=0.1 0.810
Length of stay

Hospital, median (Qrt.1, Qrt.3) 10 (5, 30) 9.5(2,37) U (101)=1034 0.707

PICU, median (Qrt.1, Qrt.3) 7 (4,18) 7.5 (2, 20) U (101)=1071 0.921
Mode of death

F-CPR 15 (48.4) 36 (51.4) xX(1)=4.1 0.778

WLST 14 (45.2) 29 (41.4) %x*(1)=0.122 0.726

Brain death 2 (6.5) 5(7.1) %*(1)=0.020 0.900
Presented with infections upon admission 19 (61.3) 44 (62.9) %*(1)=0.022 0.881
DNR order 15 (48.4) 35 (50) %*(1)=0.022 0.881
Cause of death

Shock - septic 15 (48.4) 16 (22.8)

Lower respiratory infection 3(9.7) 16 (22.8)

Cardiac diseases 5(16.1) 7 (10.0)

Respiratory failure secondary to CNS disease 2 (6.4) 10 (14.3) x*(6)=11.375 0.078

Tumors 1(3.2) 6 (8.6)

Pulmonary hemorrhage 2 (6.4) 4(5.7)

Others* 39.7) 11 (15.7)

* Others include: renal failure, liver failure, primary immunodeficiency, trauma, massive stroke, CNS infections, and intracranial hemorrhage. SD:
standard deviation, Qrt.1: first quartile, Qrt.3: third quartile, PICU: pediatric intensive care unit, F-CPR: failed cardiopulmonary resuscitation, WLST:
withholding life-sustaining treatment, DNR: do not resuscitate, CNS: central nervous system
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