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Abstract

Purpose: Data on childhood intensive care unit (ICU) deaths are needed to identify changing patterns of intensive
care resource utilization. We sought to determine the epidemiology and mode of pediatric ICU deaths in Australia and
New Zealand (ANZ).

Methods: This was a retrospective, descriptive study of multicenter data from pediatric and mixed ICUs reported
to the ANZ Pediatric Intensive Care Registry and binational Government census. All patients < 16 years admitted to
an ICU between 1 January 2006 and 31 December 2016 were included. Primary outcome was ICU mortality. Subject
characteristics and trends over time were evaluated.

Results: Of 103,367 ICU admissions, there were 2672 (2.6%) deaths, with 87.6% of deaths occurring in specialized
pediatric ICUs. The proportion of ANZ childhood deaths occurring in ICU was 12%, increasing by 43% over the study
period. Unadjusted (0.1% per year, 95% Cl 0.096-0.104; p < 0.001) and risk-adjusted (0.1%/year, 95% CI 0.07-0.13;
p<0.001) ICU mortality rates fell. Across all admission sources and diagnostic groups, mortality declined except fol-
lowing pre-ICU cardiopulmonary arrest where increased mortality was observed. Half of the deaths followed with-
drawal of life-sustaining therapy (51%), remaining constant throughout the study. Deaths despite maximal resuscita-
tion declined (0.92%/year, 95% Cl 0.89-0.95%; p < 0.001) and brain death diagnoses increased (0.72%/year, 95% Cl
0.69-0.75%; p=10.001).

Conclusions: Unadjusted and risk-adjusted mortality for children admitted to ANZ ICUs is declining. Half of pediatric
ICU deaths follow withdrawal of life-sustaining therapy. Epidemiology and mode of pediatric ICU death are changing.
Further investigation at an international level will inform benchmarking, resource allocation and training requirements
for pediatric critical care.
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Introduction

Death in childhood is a particularly challenging facet of
pediatric critical care [1, 2]. The health care team must
balance burdensome and invasive measures to support
recovery against recognition and acceptance of unsur-
vivable illness. Recent medical advances have resulted
in decreased mortality for many pediatric diseases pre-
viously considered incurable [1, 3, 4]; consequently,
increasing numbers of children survive with chronic
comorbidities and technological dependence requir-
ing recurrent and sometimes prolonged intensive care
unit (ICU) admissions [5-7]. The availability of more
sophisticated and invasive resuscitation and life support
measures in the ICU have further complicated decision
making at the end-of-life [2, 8]. These clinical develop-
ments necessitate an understanding of changing patterns
of mortality and invite broader examination of the asso-
ciated ethical, legal and economic issues, along with the
goals and values of families and clinicians [2, 8].

Fifteen years ago, the Institute of Medicine called for
descriptive data to guide the provision, funding and eval-
uation of palliative care for children, with little progress
detailed in follow-up reports [9]. Observational studies
have described considerable geographical and institu-
tional variability [1, 8, 10, 11]. There is a paucity of large-
scale, population-based epidemiological data describing
patterns and modes of pediatric ICU death. Exploration
of this changing landscape and drawing comparisons
between countries facilitates benchmarking, quality ini-
tiatives, resource allocation, planning of organ donation
programs, development of pediatric ICU-based palliative
care services and design of interventions to improve end-
of-life care [9, 12].

We sought to describe the epidemiology and modes of
pediatric ICU deaths in a population-based study in Aus-
tralia and New Zealand [13].

Materials and methods

We performed a binational, multicenter retrospective
study of patients<16 years old admitted to ICU in Aus-
tralia and New Zealand (ANZ) between 01/01/2006 and
12/31/2016, using data from the Australian and New
Zealand Pediatric Intensive Care Registry (ANZPICR)
[14]. Pediatric population data were obtained from the
national census of both countries [15, 16]. Primary out-
come was ICU death. This study was approved by the
Children’s Health Queensland Human Research Ethics
Committee.

Details, data dictionaries and structure of 32 ICUs
reporting to the ANZPICR have been described, with
further information in the online data supplement
[14, 17-19]. In brief, all paediatric intensive care units

Take-home message

ICU mortality of Australian and New Zealand children is falling. Our
binational study demonstrates that half of all pediatric ICU deaths
follow withdrawal of life-sustaining therapy.

(PICUs) in ANZ prospectively collect data for admitted
patients and submit to the ANZPICR. Additional data
are voluntarily submitted by most mixed ICUs—those
that predominantly care for adults, admitting children for
stabilization prior to PICU transfer, brief admissions or
new acute disease in adolescents. Neonatal intensive care
unit (NICU) admissions are not included.

We examined ICU and population-based mortality
over time. Demographic and clinical characteristics of
survivors and ICU decedents were compared. Pediat-
ric Index of Mortality (PIM2) was the severity of illness
marker [20]. Primary diagnoses and associated diagno-
ses were identified by ANZPICR coding (see online data
supplement) [17]. Associated diagnoses comprise syn-
dromes, congenital anomalies, or diseases either present
at ICU admission or identified during admission, includ-
ing prematurity, congenital heart disease, chronic pul-
monary, renal or liver disease, degenerative neurological
disorders and immunocompromise (see online data sup-
plement) [18, 19]. Among decedents, we compared the
following modes of death: death despite maximal sup-
port; brain death; death with treatment limited but not
withdrawn; and death following withdrawal of life-sus-
taining treatment (WLST). Previous ICU admission was
defined as prior admission to the same ICU during the
study.

Statistical analysis

Categorical data are presented as counts and percentages,
and compared using Fisher’s exact or Chi-squared test.
Continuous data are reported as median with interquar-
tile range (IQR) and compared using the Mann—Whitney
U test or Kruskal-Wallis test. The relationship between
year of admission and population level data per year is
described using aggregated counts and relative percent-
age changes from 2006 to 2016. Relationships between
admission year and rates or proportions of individual
patient level data are analyzed using logistic regression.
Receiver operating characteristic (ROC) curve analysis
was used to determine the discriminatory ability of PIM2
for mortality. Changes in median PIM2 levels over time
were evaluated by quantile regression on the median.
PIM2 was used for risk adjustment in multivariable logis-
tic regression modeling. Logistic regression modeling
was used to obtain model-based predicted probabilities
for mortality rates per study year. Trends in proportions



1264

and rates are presented with 95% confidence intervals.
Slopes were compared in a logistic regression framework
by assessing the subgroup by year interaction terms. Sta-
tistical analyses were conducted using Stata (version 15.0,
StataCorp LLC, College Station, Texas), and GraphPad
Prism (version 8, GraphPad Software, La Jolla, Califor-
nia). A two-sided alpha level of 0.05 was used to deter-
mine statistical significance.

Results

Pediatric mortality in intensive care units

There were 103,367 pediatric ICU admissions during
the study period, 2672 (2.6%) of whom died in ICU. Of
these deaths, 2342 (87.6%) occured in a PICU and 330
(12.4%) in mixed ICUs (Fig. 1). Demographics and clini-
cal characteristics of survivors and decedents are com-
pared in Table 1. The area under the receiver operating
curve for PIM2 in predicting mortality in our dataset was
0.89 (0.89-0.90). Median PIM2 risk of death decreased
by 0.030% per year in the whole cohort (0.27-0.033,
»<0.001) but not in the cohort of decedents (p =0.750).
Pediatric ICU admissions increased by 40.3% and abso-
lute numbers of pediatric deaths in ICU remained sta-
ble over the study period (Fig. 2a). This represents a
decrease in both unadjusted mortality (0.1% per year,
95% CI 0.096-0.104; p<0.001) and risk-adjusted mor-
tality (0.1%/year, 95% CI 0.07-0.13%; p<0.001, slopes
compared p=0.374) (Fig. 2b). Against the background
mortality rate of 2.6%, this represents a 3.9% per year
reduction in expected pediatric ICU deaths. The annual
ICU admission rate was 170/100,000 ANZ children, and

population-based childhood admissions to an ICU rose
by 25.8% during the study (146-183/100,000). Twelve
percent of all childhood deaths in ANZ occurred in an
ICU. While annual childhood deaths in ANZ declined,
the proportion of these deaths occurring in ICU
increased by 42.6% from 2006 to 2016.

Over the study period, changes in mortality rates dif-
fered by diagnostic category (Fig. 3a and online data
supplement). In both unadjusted and risk-adjusted
analyses, a decline in mortality was observed in trauma
(0.36%/year, 95% CI 0.33-0.39%; p<0.001, adjusted
p=0.003), sepsis (0.54%/year, 95% CI 0.51-0.57%;
p=0.001, adjusted p=0.038), cardiac-surgical diagno-
ses (0.07%/year, 95% CI 0.06—0.08%; p =0.004, adjusted
p=0.004) and respiratory pathology (0.13%/year, 95%
CI 0.12-0.14%; p<0.001, adjusted p=0.011). Unad-
justed mortality rates in patients admitted to ICU post-
cardiopulmonary arrest increased by 0.97%/year (95%
CI 0.96-0.99; p=0.004) and for patients with neurologi-
cal diseases declined (0.14%/year, 95% CI 0.13—0.15%;
p=0.001), following adjustment (»=0.116 and p =0.151,
respectively). Mortality rates in patients with cardiac
medical disease and other diagnoses were unchanged
from 2006 to 2016 in unadjusted and risk-adjusted analy-
ses (p>0.1).

Reduction in unadjusted ICU mortality was evident
across all admission sources, with the greatest decline
in admissions from hospital wards (0.20%, 95% CI
0.19-0.21%; p < 0.001) (online data supplement). Whilst
the fall in mortality amongst operating room admis-
sions was the lowest magnitude amongst admission
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Table 1 Comparison of survivors and decedents in pediatric admissions to an intensive care unit

Male
Age (months)

57,676 (57.3)
21.6(4.7,82.1)

1517 (56.8)
15.0(2.3,76.8)

0.603
<0.001

Neonate up to 30 days 9601 (9.5)
>30days to 1 year 29,575 (29.4)
1-5 years 29,181 (29.0)
5-12 years 19,798 (19.7)
12-16 years 12540(125)
Pediatric Index of Mortality 2 (risk of death %) 0(03,28)
Elective admission 36,846 (36.6)
Admission source
Operating room 39,758 (39.5)
Emergency department 21,400 (21.3)
In-patient ward 17,730 (17.6)
Inter-hospital transport 21,807 (21.7)

Cardiac surgical 15,055 (15.0)
Cardiac medical 5016 (5.0)
Respiratory 29,510 (29.3)
Neurological 14,540 (14.4)
Trauma 6192 (6.1)
Sepsis 2814 (2.8)
Pre-ICU arrest 1255(1.2)
Other 26,313 (26.1)
Associated diagnosis* 60,246 (59.8)
Previous ICU admission 39,709 (39.4)

461(17.3) <0.001
737 (27.6) 0.045
666 (24.9) <0.001
443 (16.6) <0.001

365 (13.7) 0.063
15.8 (44,594) <0.001
250 (94) <0.001
348 (13.0) <0.001
606 (22.7) 0.075
667 (25.0) <0.001
1051 (39.3) <0.001
133 (5.0) <0.001
313 (11.7) <0.001
469 (17.6) <0.001
365 (13.7) 0.258
275(10.3) <0.001
235 (8.8) <0.001
591 (22.1) <0.001
291 (10.9) <0.001
1817 (68.0) <0.001
707 (26.5) <0.001

Renal replacement therapy 2749 (2.7) 478 (17.9) <0.001

1.5(08,3.3)
10,276 (10.2)

34(1.2,100)
860 (32.2)

<0.001
<0.001

Number of days
>7 days

<0.001
<0.001

Proportion intubated 43925 (43.6)

25.6(10.3, 86.1)

2511 (94.0)

Duration** (hours) 69.6 (22.1,209.9)

*Diagnostic category is main admission diagnosis, see online data supplement for diagnosis and associated diagnosis definitions. **Intubation duration in those

intubated. Data are given as n (%) or median (IQR)

sources (0.049% 95% CI 0.046-0.052, p=0.001),
it remained significant following risk adjustment
(»<0.001) as opposed to ward, inter-hospital transfer
and emergency department admission rates (p =0.166,
0.077 and 0.724, respectively). The percentage of
decedents with associated diagnoses increased over
the study period (0.70%/year, 95% CI 0.69-0.71%;
p=0.015). Similarly, the percentage of decedents with
previous ICU admissions increased (0.85%/yr, 95% CI
0.84-0.87; p=0.002).

Mode of death

Mode of death was available for 2668 (99.9%) pediat-
ric ICU deaths (Fig. 1 and Table 2). Demographics and
admission characteristics differed by mode of death
(Table 2). The most common mode of death was with-
drawal of life-sustaining therapy (WLST, 51%). For chil-
dren who died following WLST the median age was 9.9
(IQR 1.6, 56.6) months and median ICU stay was 5.1
(IQR 2.0, 12.9) days, with 42% staying>7 days. Brain
death was present in 16%. These patients were older than
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Fig. 2 a Australia and New Zealand childhood deaths, pediatric ICU admissions and pediatric ICU deaths over time. Absolute number of Australia
and New Zealand childhood deaths (red circle), absolute number of pediatric ICU admissions (black triangle) and pediatric ICU deaths (blue square)
over the study period. b Unadjusted and adjusted mortality rate over time. Unadjusted mortality rate (pediatric ICU deaths/pediatric ICU admissions

(red circle)) and risk-adjusted mortality rate (PIM2) (blue diamond) over the study period. Empirical aggregated year-level data shown as symbols;
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other modes (median 58.2 months; IQR 18.6, 135.0), and
had shorter ICU stays (median 1.8 days; IQR 1.1, 3.2),
with 23% in ICU > 7 days (all p<0.001). Deaths occurred
despite maximal support in 21%, and treatment was lim-
ited in 12%. Mode of death varied over the study period
(Fig. 3b), with an increase in the proportion of brain
death (0.72%/year, 95% CI 0.69-0.75%; p=0.001) and
a decline in maximal resuscitation at the end-of-life
(0.92%/year, 95% CI 0.89—0.95%; p<0.001). The propor-
tion of children dying following treatment limitation or
WLST remained stable (p =0.662 and p=0.243, respec-
tively). Organ and/or tissue donation occurred in 7.4%
of ICU deaths, representing 33.5% of brain dead patients
and 3.5% of those dying following WLST.

Discussion

We report a binational, multicenter study demonstrat-
ing a reduction in pediatric ICU deaths. This mortality
reduction persists when adjusted for severity of illness.
Against the very low overall mortality rate in pediat-
ric ICUs, this reduction holds both statistical and clini-
cal relevance for families and society, as well as intensive
care resource allocation, training and benchmarking. A
small but increasing proportion of all ANZ childhood

deaths occurred in ICUs. Half of all pediatric ICU deaths
followed WLST. While the proportions of children dying
following treatment limitation and WLST remained sta-
ble, rates of brain death increased and children dying
despite maximal resuscitation declined.

Pediatric mortality in intensive care units

The unadjusted pediatric ICU mortality in ANZ of 2.6% is
amongst the lowest in published literature, and is falling,
consistent with United Kingdom (UK) registry reports [1,
4, 7, 21]. Whilst a small decrease in illness severity was
observed, decreasing risk-adjusted ICU mortality over
this period implies more children with comparable sever-
ity of illness are now surviving. Advances in PICU man-
agement may underlie this improvement in mortality,
rather than lower ICU admission thresholds or decreased
illness severity, but differences in subject characteristics
and institutional practice variation mean contributing
factors are difficult to elucidate [22]. The observed trends
in our study may also reflect increasing acceptance of
survival with greater disability [2, 8]. An alternative
explanation for ICU mortality reduction may be that end-
of-life care is being relocated to external locations such
as wards, home or hospice. The pediatric ICU admission
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Fig. 3 a ICU Mortality Rate Over Time by Diagnostic Category. Mortality rate for pre-ICU arrest (red triangle), sepsis (blue diamond), trauma (gray
triangle), neurological diagnoses (green circle), respiratory diseases (purple star) and cardiac surgical diagnoses (black cross). Empirical aggregated
year-level data shown as symbols; line represents model-based fitted probabilities of ICU mortality for each study year. b Mode of death over time.
Proportion of pediatric ICU deaths due to withdrawal of life-sustaining therapy (black circle), treatment limitation (gray triangle), brain death (red
square) or despite maximal support (blue diamond) in 2668 children who died in an IUC over the study period. Empirical aggregated year-level data

shown as symbols; line represents model-based fitted probabilities of ICU mortality for each study year

rate in ANZ rose more than population increases, simi-
lar to UK experience [14, 22]. Whilst we observed an
increase in the proportion of ANZ childhood deaths that
occur in ICU, the absolute proportion is low, compara-
ble to UK registry reports but less than North American
studies [10, 21, 23]. Overall, the location of childhood
death seems to be shifting to the community setting [3,
24]. International disparities may reflect differences in
hospice availability, numbers of out of hospital or NICU
deaths, and regional variation in registry coding.
Unadjusted and risk-adjusted pediatric ICU mortal-
ity rates associated with cardiac-surgical, respiratory,
sepsis and trauma diagnoses, as well as operating room
admissions fell over time. These findings are aligned
with trends outside the ICU and are likely attributable

to public health safety campaigns, pre-hospital man-
agement and perioperative care improvements [18, 19,
25]. Deaths in children admitted from a hospital ward,
the emergency department and following retrieval are
decreasing; however, trends are non-significant following
risk adjustment. Implementation of early warning scores,
medical emergency teams, hospital quality initiatives and
peripheral hospital care with improved disease sever-
ity recognition facilitating earlier ICU admission may be
responsible [26, 27]. Our finding of increasing mortality
in ICU admissions following pre-ICU cardiopulmonary
arrest contrasts with US population outcome data and
reported improvements in adult survival [28]. Compared
with UK data, we report a higher proportion of ICU
admissions following cardiopulmonary arrest, and these



Table 2 Pediatric deaths in intensive care units by mode of death

Male 248 (57.7) 312 (55.4)
Age (months) 58.2(18.6,135.0) 13.8(1.9,74.1)
Pediatric Index of Mortality ~ 69.0 (25.0,92.0) 11.5(3.5,39.5)

2 (risk of death %)

Elective admission 10 (2.3) (13.0)

~
w
N
(o)}

Operating room 45 (10.5) 95 (16.9)
Emergency dept 159 (37.0) 115 (20.4)
In-patient ward 33(7.7) 182 (32.3)
Inter-hospital transport 193 (44.8) 171 (30.4)

Cardiac 10 (2.3) 128 (22.7)
Respiratory 7(1.6) 113 (20.1)
Neurological 118 (27.4) 26 (4.6)
Trauma 106 (24.7) 38(6.7)
Sepsis 16 (3.7) 97 (17.2)
Pre-ICU arrest 157 (36.5) 88 (15.6)
Associated diagnosis* 172 (40.0) 418 (74.2)
Previous ICU admission 39(9.1) 179 (31.8)

1.8(1.1,32)
23(5.3)

Days

>7 days 150 (26.6)

1.3(04,79)

167 (52.7) 787 (58.0) 0.321
21.6(3.6,98.7) 9.9 (1.6, 56.6) <0.001
9.6 (34,254) 13.6 (4.2,45.1) <0.001
(8.2) 141 (104) <0.001
33(104) 175(12.9) 0.008
65 (20.5) 266 (19.6) <0.001
124 (39.1) 328 (24.2) <0.001
95 (30.0) 589 (43.4) <0.001
53(16.7) 255 (18.8)
97 (30.6) 252 (18.6)
27 (85) 192 (14.1)
17 (5.4) 112 (8.2)
24(7.6) 98(7.2)
50(15.8) 296 (21.8)
257 (81.1) 969 (71.4) <0.001
130 (41) 359 (24.6) < 0.001
39(1.2,15.0) 51(20,129) <0.001
116 (36.6) 571 (42.0) < 0.001

Proportion intubated 430 (100) 540 (95.9) 236 (74.4) 2507 (94.0) <0.001
Duration (hours) 415(23.8,72.2) 14.2 (2.3,148.6) 38.4(0,227.9) 106.7 (34.2, 262.7) < 0.001
Organ donation** 144 (33.5) 7(1.3) 0 48 (3.5) <0.001

Mode of death data available for 2668 pediatric patients who died in an ICU. Data are given as n (%) or median (IQR). **11 patients missing data on organ donation;

organ donation includes tissue donation. *p <0.001 for all diagnostic categories

children had a lower subsequent mortality [29]. Although
this trend and the observed decrease in unadjusted mor-
tality from neurological diagnoses become non-signifi-
cant with risk adjustment, PIM2 includes pre-ICU arrest
and several neurological conditions as a high-risk diag-
nosis covariate impacting interpretation. More research
is warranted to determine if these results reflect changing
pre-hospital practices, post-resuscitation care, changing
illness severity or shifting ICU admission thresholds.

We report an increasing proportion of ICU decedents
with associated diagnoses, consistent with international
reports on children with life-limiting conditions (LLC) or
complex chronic conditions (CCC) [5-7, 10, 30-33]. The
overall proportion of children in our study with associ-
ated diagnoses closely approximates registry data for LLC
and CCC in the UK, North America and Europe [5, 7, 30,
32]. Similar to our observations, rising readmission rates
have been observed in UK and North American settings,
particularly in patients with comorbidities [2, 34]. This
growing population of children who experience recurrent

PICU admissions and higher mortality rates has implica-
tions for ICU resource allocation and increases the need
for ICUs to refine palliative care expertise [22].

Mode of death

Half of the pediatric ICU deaths in ANZ follow WLST.
There is significant geographical and institutional vari-
ation in pediatric ICU mode of death with limited con-
temporary data on temporal trends [10, 23, 32, 35].
Treatment limitation or WLST occur in 44-84% of
deaths in reports from diverse international settings,
consistent with our findings of 63% [1, 8, 10, 11, 23, 35—
37]. We found that the rate of WLST was unchanged over
the 11-year study period, whereas there was a reduction
in patients receiving maximal resuscitation at end-of-
life. While historically children have been more likely
to receive maximal intensive care therapies prior to
death, reported rates of WLST are higher in some set-
tings [1, 10, 11, 23, 37]. Declining rates of death despite
maximal support may signify improved end-of-life care;



1269

conversely, the lack of a concomitant increase in WLST
may imply improved short term acute in-hospital resus-
citation outcomes and availability of extracorporeal car-
diopulmonary resuscitation. A single center US study
reported that subspecialty palliative care involvement
was associated with a reduction in deaths following failed
resuscitation [23]. This supports the view that pre-emp-
tive consideration of palliative care pathways for children
with diminishing chance of survival is vital in the provi-
sion of intensive care.

The proportion of children diagnosed with brain death
in our study was amongst the highest in contemporary
literature from developed and developing nations, and
was observed to be increasing [10, 23, 36—38]. Further
research is required to determine if this reflects increas-
ing diagnostic awareness and confidence diagnosing
brain death in children, changing resuscitation practices
or greater focus on identification and support of poten-
tial organ donors as a result of government Organ and
Tissue Authority initiatives.

Strengths and limitations

The strengths of this study are the 11-year binational
population-based analysis utilizing ANZPICR and gov-
ernment census data. The large sample size is a dou-
ble-edged sword: it allows for a rigorous analysis of
population-wide trends in mortality rates in ANZ along
with potential generalizability, yet even small differences
may reach statistical significance. The ANZPICR is well
established, validated and regularly audited; however, as
for any registry-based study, there may be variability in
coding, and observed trends and associations can only
be hypothesis generating. Several additional limitations
must be considered when interpreting our results. The
number of institutions contributing data to ANZPICR
increased during the study, so the increase in reported
annual PICU admissions may be partly due to improved
capture of children in ICU. Identification of recurrent
admissions for individual patients is limited to admissions
to the same ICU during the study period, resulting in
underestimation in our dataset. Children dying in NICUs
are not recorded in ANZPICR, yet premature deaths are
included in national census data. A small number of chil-
dren are admitted to ICUs not reporting to the registry,
accounting for<10% of pediatric ICU admissions [14].
No international consensus definition exists for patients
with comorbidities; however, the frequency of reported
comorbid conditions is similar across international stud-
ies [6, 10, 24, 30, 39]. The associated diagnosis classifica-
tion in ANZPICR incorporates chronic comorbidities
and conditions that may be long standing at admission or
congenital, along with complications that develop during
intensive care that are serious or life-limiting. Our data

cannot distinguish complications arising during the ICU
admission from chronic disorders in children that die
in ICU [7, 18, 19]. Whilst PIM2 demonstrated high dis-
crimination in predicting death in our cohort, the incor-
poration of high-risk diagnoses limits interpretation of
risk adjustment in diagnostic subgroup analyses. Post-
hospital discharge outcome data and functional status are
not collected, so it is not possible to ascertain whether
increasing rates of ICU survivorship are associated with
an increase in significant, life-limiting comorbidities. No
cause of death or decision-making information regarding
treatment limitation orders is recorded [33].

Implications and future considerations

The observed reduction in childhood ICU mortality in
our study is encouraging. The epidemiology and mode
of pediatric deaths in ICU appear to be changing over
time with notable international variation. Both of these
warrant further investigation via large-scale, population-
based collaborative research efforts at an international
level. Exploration of variation in patient and admission
characteristics and outcomes between centers will bet-
ter identify determinants of ICU mortality, guide per-
formance benchmarking tools and facilitate quality
improvement programs. Understanding current epidemi-
ology of pediatric ICU death is essential for studies using
mortality as a primary endpoint. Evaluating whether
falling ICU mortality is associated with increased dis-
ability among pediatric survivors is a key area for future
research, necessitating reliable measures of functional
recovery and quality of life. This may provide additional
evidence to look beyond mortality as a primary out-
come measure [2, 8, 33]. The increasing prevalence of
decedents with associated diagnoses and previous ICU
admission implies that greater efforts should be directed
toward addressing the needs of these children and their
families, with opportunities for anticipatory palliative
care and advanced care planning [7, 31]. A comprehen-
sive understanding of changing modes of pediatric death
and the relationship with subspecialty palliative care ser-
vices has important implications for resource allocation
[9, 10, 12, 22, 23]. Increasing incidence of brain death is
highly relevant, with contemporary high profile cases and
controversy [38, 40]. Our study emphasizes the impor-
tance of palliative care expertise in the PICU, as well as
prioritizing pediatric and ICU trainee education about
end-of-life management, brain death and organ and tis-
sue donation.

Conclusion

Unadjusted and risk-adjusted ICU mortality for Austral-
ian and New Zealand children is declining. Most pediat-
ric ICU deaths follow treatment limitation or withdrawal
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of life sustaining therapy, with decreasing rates of maxi-
mal resuscitation at end-of-life and increasing brain
death diagnoses. Further investigation via large-scale
population-based collaborative research efforts at an
international level are required to better inform pediatric
critical care benchmarking, resource allocation and train-
ing requirements.
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