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Aims and Objectives: Severe traumatic brain injury (sTBI) is the leading cause of death

in children. Our aim was to determine the mode of death for children who died with sTBI

in a Pediatric Critical Care Unit (PCCU) and evaluate factors associated with mortality.

Methods: We performed a retrospective cohort study of all severely injured trauma

patients (Injury Severity Score ≥ 12) with sTBI (Glasgow Coma Scale [GCS] ≤ 8 and

Maximum Abbreviated Injury Scale ≥ 4) admitted to a Canadian PCCU (2000–2016). We

analyzedmode of death, clinical factors, interventions, lab values within 24 h of admission

(early) and pre-death (48 h prior to death), and reviewed meeting notes in patients who

died in the PCCU.

Results: Of 195 included patients with sTBI, 55 (28%) died in the PCCU. Of these, 31

(56%) had a physiologic death (neurologic determination of death or cardiac arrest), while

24 (44%) had withdrawal of life-sustaining therapies (WLST). Median (IQR) times to death

were 35.2 (11.8, 86.4) hours in the physiologic group and 79.5 (17.6, 231.3) hours in the

WLST group (p = 0.08). The physiologic group had higher partial thromboplastin time

(PTT) within 24 h of admission (p = 0.04) and lower albumin prior to death (p = 0.04).

Conclusions: Almost half of sTBI deaths in the PCCU were by WLST. There was a trend

toward a longer time to death in these patients. We found few early and late (pre-death)

factors associated with mode of death, namely higher PTT and lower albumin.
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INTRODUCTION

Severe traumatic brain injury (sTBI) is the leading cause of pediatric morbidity and mortality
in high income countries (1, 2). TBIs are responsible for ∼70% of traumatic deaths in the
pediatric age group (2). In pediatric sTBI, outcome prediction is difficult, and outcomes vary
between centers (3, 4). Retrospective cohort studies have explored the association of various
factors in sTBI at hospital admission with outcomes (5–8). In these studies, however, mode of
death is not reported. Of the patients who died, it is unknown how many died from cardiac or
neurologic determination of death (NDD) (physiologic death) and howmany died by withdrawal of
life-sustaining therapies (WLST).Moreover, specific investigation of late (i.e., within 48 h preceding
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death) clinical and physiological factors associated with mortality
in pediatric sTBI is lacking. How end-of-life treatment decisions
are made by families and care providers is unknown.

Strong early predictors for mortality from sTBI have been
identified at hospital admission and include: abnormal pupillary
response, Injury Severity Score (ISS) >25, Glasgow Coma
Scale (GSC) score, total duration of intracranial pressure (ICP)
elevation >60 mmHg, the presence of intracranial bleeding (7),
missing motor response or fixed and bilateral dilated pupils
(9), mechanism of injury (8), subarachnoid hemorrhage (10),
Rotterdam CT score (11), acquired hypernatremia (12), and early
presentation of central diabetes insipidus (CDI) (5).

Mode of death has been studied in non-TBI pediatric
populations, with a range of 40–70% of deaths byWLST (13–17).
WLST decision-making has been explored in cohorts of children
following cardiac arrest (13), and in the general pediatric critical
care unit (PCCU) population (17). There exists considerable
variability in neuroprognostication and its association with
WLST within European PCCUs (16).

Our three objectives for this study were to (i) determine
the mode of death for children who died following sTBI, (ii)
examine which factors, both early and late, were associated with
various modes of death, and (iii) explore the decision-making
process leading to WLST in order to shape in-hospital family
support structures and provide essential prognostic information
to families when making end-of-life decisions.

METHODS

Study Design and Participants
This retrospective cohort study included all severely injured (ISS
≥ 12) pediatric patients (>1 month and <18 years) admitted to
the PCCU at the Children’s Hospital, London Health Sciences
Centre (LHSC) between January 1st, 2000 and December 31st,
2016 who died during their index PCCU admission. The
Children’s Hospital is the regional pediatric level I trauma centre
for Southwestern Ontario, serving a geographical area of 19,000
km2 with a pediatric population over 400,000. sTBI was defined
as a pre-sedation GCS score of < 8, and a head Maximum
Abbreviated Injury Scale (MAIS) of > 4 (18). Patients were
identified retrospectively from written and electronic admission
records of the PCCU and cross-referenced with hospital records
data and the provincial trauma registry to ensure that all eligible
patients were captured (5, 12, 19). Approval was obtained from
the Research Ethics Board at Western University.

The primary outcome was mode of death, which was classified
as either physiological death (NDD or cardiac arrest) or WLST.
NDD was defined by two national consensus statements, first
published in 1999 and applied to patients admitted 2000–2006,
and then updated in 2006 and applied for all subsequent patients
(20, 21). We also reviewed whether Cerebral Blood Flow testing
had been performed. Secondary outcomes included the number
of family and multi-disciplinary meetings, meeting attendees,
and timing of death.

The electronic charting system, the paper copy of patients’
hospital charts and the trauma registry were used to obtain the
following data: age, sex, mechanism of injury, Injury Severity

Score (ISS) at admission, GCS (pre-sedation, recorded prior to
intubation either at the scene or referring hospital, or on arrival
to LHSC), Rotterdam CT score, laboratory and neuroimaging
results, interventions and outcomes. Laboratory and additional
clinical variables were recorded over three time periods:
admission (within 24 h of admission), pre-death (within 48 h of
death) and independent pre-death (pre-death values in patients
who died 72 h or more from admission, allowing for no overlap
in admission and pre-death variables), constituting the worst
values within 48 h prior to death (Figure 1). Laboratory variables
included hemoglobin level, platelet count, serum albumin,
international normalized ratio (INR), partial thromboplastin
time (PTT), serum glucose, and neutrophil: lymphocyte ratio
(NLR). Clinical variables recorded included pupillary response,
episodes of hypotension [defined as systolic blood pressure (SBP)
< 70 for infants, SBP < 70 + (2 x age) for toddlers and
children less 10 years old, and SBP < 90mm Hg for children
≥ 10 years old] (22) and hypoxemia (PO2 < 65mm Hg,
admission arterial blood gas). Specific documented abnormalities
included skull fractures, cerebral edema (focal and diffuse),
diffuse axonal injury (DAI), subarachnoid hemorrhage (SAH),
subdural hemorrhage (SDH), intracranial hemorrhage (ICH),
brain herniation, midline shift, cerebral contusion, and ischemia.
Intervention variables included placement of an intracranial
pressure (ICP) monitoring device, decompressive craniectomy,
treatment with 3% hypertonic saline, mannitol, thiopental or
barbiturate infusion, therapeutic hypothermia, desamino-8-D-
arginine (DDAVP) and/or vasopressin, and transfusion of packed
red blood cells (PRBC) or other blood products (5). Data on the
number of family and multidisciplinary meetings and meeting
attendees were collected along with the primary reason for the
decision to withdraw life-support when applicable (prognosis, or
prognosis and failure to meet brain death criteria).

Statistical Methods
Continuous variables were summarized using medians (IQRs),
and groups were compared using Mann-Whitney U-tests.
Categorical variables were summarized using frequencies (%),
and groups were compared using chi-square tests or Fisher’s exact
chi-square when appropriate. Poisson regression models were
used to compare groups for count variables. Because the duration
of the study spanned 16 years, we analyzed the data in specific
time periods. The TBI guidelines were released in Pediatric
Critical Care Medicine journal in 3 iterations: 2003, 2012, and
2016. We thus examined our primary outcome by time periods
(2000–2003, 2004–2012, and 2012–2016). We also examined our
primary outcome by the twoNDD guidelines periods (2000–2006
and 2006–2016). All analyses were conducted with SPSS v.25
(IBM Corp., Armonk, NY, USA), and p < 0.05 were considered
statistically significant.

RESULTS

We identified 195 patients with sTBI. Patient and injury
demographics are reported in Table 1. The majority of the
patients were male (n = 37, 67%). Forty percent (n = 126) had
an ICP monitor placed. PCCU mortality was 28% (n = 55), and
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FIGURE 1 | Time period definitions. Three time periods were defined. Admission values were recorded within 24 h of admission, while pre-death values were recorded

within 48 h of death. Non-overlapping pre-death values were defined as independent pre-death values.

of these, 31 (56%) patients had a physiologic death. Further, the
majority of these patients (n = 27, 84%) died by NDD, whereas
five (16%) patients experienced cardiac death. The primary
outcome was not associated with year of study or with NDD or
TBI guideline update periods. Patients who died had lower pre-
sedation GCS (p < 0.01), higher MAIS head (p = 0.047), higher
MAIS thorax (p= 0.029), higher Rotterdam CT score (p < 0.01),
and were more likely to have abnormal laboratory investigations,
fixed pupils (p < 0.01) and be hypotensive (p < 0.01) within
the admission period (Table 1). Twelve (22%) patients had
an ICP monitor placed, 11 (20%) underwent decompressive
craniectomy, 22 (40%) received hypertonic saline, and 33 (60%)
received mannitol (Table 2).

Time to Death
Children who died by WLST had a trend to a greater time to
death with a median (IQR) value of 79.5 (17.6, 231.3) hours
compared to children who had a physiologic death with a median
(IQR) value of 35.2 hours (11.8, 86.4) (p= 0.08).

Clinical, Interventional and Laboratory
Predictors of Mode of Death
Children who died by a physiologic death were similar to children
who died by WLST for most factors (Tables 2, 3). A greater
number of children who died by WLST received mannitol
(p = 0.03) (Table 2) but this was no longer significant when
controlling for time to death. Children who had a physiologic
death had higher PTT values within the admission period and

lower albumin (p = 0.035) in the independent pre-death period,
after controlling for potential confounders.

Family and Multidisciplinary Meetings
There was no significant association between number of formal,
informal or total family meetings and mode of death (Table 4).
A median (IQR) of 2.0 (1.0, 4.0) documented family meetings
occurred in all children who died from sTBI in the PCCU.
Children’s Aid Society (the regional child protection agency) or
police were involved during the family meetings of four patients,
whereas religious figures were present during a meeting for
three patients. Pastoral support was noted to be included in
meetings for five (10%) families. Themedian (IQR) formaximum
number of attendees at formal family meetings was 3.0 (2.0, 5).
Multidisciplinary meetings were documented in three of the 51
patient records.

Reason for WLST
Access to the paper chart with complete family meeting data was
available in 21 (91%) patients who died byWLST. Familymeeting
prior to WLST was documented in the remaining 3 patients
with limited detail in online death summaries. Documentation
of family meetings in those with complete data showed that
14 (66%) patient families expressed poor prognosis as the key
reason for pursuing WLST, while 5 (24%) added “failure to meet
brain death criteria.” Some common documented expressions
included: “Low likelihood of meaningful recovery,” and “do not
want their child to suffer further” or “they would not want to
live this way.” Of the 24 patients who died by WLST, evaluation
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TABLE 1 | Bivariate analyses of admission variables, including demographic

characteristics, laboratory data and CT findings of patients who died and survived

in the PCCU.

Variable PCCU mortality

(n = 55)

PCCU survival

(n = 140)

P-value

Age, y 14 (1, 17) 12 (6, 16) 0.665

Male 37 (67.3) 94 (67.1) 0.986

Pre-sedation GCS 3 (3, 4) 6 (4, 7) <0.001

ISS 33 (27, 43) 30 (26, 38) 0.009

Injury profile

MAIS head 5 (5, 5) 5 (5, 5) 0.047

MAIS face 1 (1, 2) 1 (1, 2) 0.308

MAIS neck 1 (1, 1) 3 (1, 3) 0.248

MAIS thorax 3 (2, 3) 3 (2, 3) 0.029

MAIS abdomen 2 (2, 2) 2 (2, 3) 0.204

MAIS spine 2 (2, 3) 2 (1.5, 2) 0.020

MAIS extremities 2 (2, 3) 2 (2, 3) 0.349

MAIS external 1 (1, 1) 1 (1, 1) 0.573

Mechanism of injury 0.141

MVC 38 (69) 99 (70.7) 0.823

Fall 2 (3.6) 15 (10.7) 0.160

Intentional 10 (18.2) 12 (8.6) 0.056

Other 5 (9.1) 14 (10.0) 0.847

Rotterdam CT score 3 (3, 5) 2 (2, 3) <0.001

CT characteristics

SAH 29 (54.7) 53 (39.0) 0.050

IVH 17 (32.1) 26 (19.1) 0.056

Absent basal cisterns 24 (45.3) 8 (5.8) <0.001

Compressed basal cisterns 7 (13.2) 6 (4.3) 0.049

Epidural Mass Lesion 50 (90.9) 121 (86.4) 0.391

Midline Shift >5mm 9 (17.0) 13 (9.4) 0.143

Laboratory values

Platelets,*109/L 138.0 (85.0, 249.0) 198.5 (151.0, 254.8) 0.001

NLRa 6.5 (2.2, 13.5) 10.4 (5.2, 17.0) 0.010

INR, [PTt/PTn]ISI 1.5 (1.0, 2.0) 1.0 (1.0, 1.2) <0.001

PTT, s 42 (32, 68) 31 (28, 36) <0.001

Glucose, mmol/La 10.4 (7.7, 14.1) 7.8 (6.8, 9.6) <0.001

Hemoglobin, g/L 106 (83,125) 99 (84, 119.8) 0.507

Albumin, g/L 26 (19.5, 34.5) 36 (30, 39) <0.001

Fixed pupils (*yes) 18 (32.7) 120 (85.7) <0.001

Hypotension 24 (43.6) 22 (15.7) <0.001

Continuous variables are presented as median (IQR) and categorical variables as n (%).

GCS, Glasgow Coma Scale; ISS, Injury Severity Score; MAIS, Maximum Abbreviated

Injury Scale; SAH, subarachnoid hemorrhage; IVH, Intraventricular hemorrhage; NLR,

neutrophil to lymphocyte ratio; INR, International Normalized Ratio; PTT, partial

thromboplastin time.
aHighest value in first 24 h (all other values are taken from admission blood draw). p values

< 0.05 were bolded.

of cerebral blood flow (a nucleotide scan or magnetic resonance
angiography) was completed for 13 (54%) patients.

DISCUSSION

Understanding the mode and predictors of mortality in sTBI
is crucial to our management of patients with sTBI. To our

TABLE 2 | PCCU interventions for the management of sTBI by mode of death.

PCCU intervention Physiologic

death

(n = 31)

WLST

(n = 24)

P-value

Placement of ICP monitoring device 5.00 (16.1) 7.00 (33.3) 0.188

Decompressive craniectomy 5.00 (16.1) 6.00 (28.6) 0.318

Treatment with 3% HS 11.0 (35.5) 11.0 (52.4) 0.226

Treatment with mannitol 16.0 (51.6) 17.0 (81.0) 0.031

Barbiturate infusion 5.00 (16.1) 5.00 (23.8) 0.500

Thiopental infusion 7.00 (22.6) 6.00 (28.6) 0.624

Therapeutic hypothermia 2.00 (6.50) 0 (0) 0.509

DDAVP +/- vasopressin 22.0 (71.0) 14.0 (66.7) 0.742

PRBC transfusion 25.0 (80.6) 19.0 (90.5) 0.449

Other blood product transfusion 23.0 (74.2) 11.0 (52.4) 0.105

Data are presented as n (%). ICP, intracranial pressure; PRBC, packed red blood cells. p

values < 0.05 were bolded.

knowledge, this is the first study to demonstrate that children
with sTBI died by WLST almost as frequently as by physiologic
means. There was a trend toward a doubling in PCCU length
of stay (LOS) in those who died by WLST, and year of study
and updates in guidelines were not associated with mode of
death. We also showed that most of the patients’ clinical findings
on admission and prior to death were similar in both groups.
Documentation of family meetings prior to WLST was available
in all cases, and there was a common language used to describe
reasons for WLST.

Our rate of WLST mirrors those published in both American
(14) and Canadian (15) studies of all inpatient pediatric deaths,
with rates ∼40–45%. The most common underlying diagnosis
in these earlier studies was cardiovascular, with prematurity and
neurological disease among the top four. Mode of death may
be different post cardiac arrest. By applying our mode of death
definition to a study population of cardiac arrest victims from
the Netherlands, over 2/3 of the participants hadWLST (13). The
heavier emphasis on WLST in this Dutch population may be a
result of fewer cardiac arrest early-survivors dying by NDD. Only
29% of this cohort met NDD criteria, compared to 49% in our
sTBI cohort.

Not surprisingly, there was a trend to a longer time to death
in the WLST group compared to the physiologic death group.
A 10-year review of mortality in a UK PCCU found that median
LOS in children who died varied according to mode of death with
WLST of 3 days, and 1 day for brain death or failed CPR (23).
This finding may be explained by uncertainty about prognosis.
Prognostic accuracy may improve with time, as described in
pediatric cardiac arrest early-survivors (24). In addition, there
may be decision-maker conflict. Physicians are obligated to
support the parental decision-making process and ensure care
plans are consistent with the families’ goals (25). Finally, there
may be a desire to extend life-sustaining therapy to allow for
family visitation or religious rites.

NDD criteria were updated in Canada in 2006 (26), while
international pediatric TBI guideline updates occurred in 2003
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TABLE 3 | Clinical and laboratory findings on admission and prior to death by

mode of death.

Variables Physiologic

death

(n = 31)

WLST

(n = 24)

P-value

Admission

Age, y 15.0 (5.00, 17.0) 13.5 (1.00, 17.00) 0.499

GCS 3.00 (3.00, 4.00) 3.00 (3.00, 4.00) 0.655

ISS 33.0 (27.0, 43.0) 32.5 (27.0, 41.8) 0.670

Rotterdam CT score 3.00 (3.00, 5.00) 4.00 (3.00, 5.00) 0.400

Fixed pupils 10.0 (32.3%) 8.00 (33.3%) 0.933

Hypotension 13.0 (41.9%) 11.0 (45.8%) 0.773

Hemoglobin, g/L 106 (83.0,124) 111(83.8,130) 0.581

Platelets, *109/L 134 (61.0, 217) 151 (93.0, 273) 0.219

Albumin, g/L 25.0 (16.0, 32.3) 30.0 (23.0, 39.0) 0.055

INR, [PTt/PTn]ISI 2.00 (1.00, 3.00) 1.20 (1.00, 2.00) 0.216

PTT, s 48.0 (36.0, 83.0) 37.0 (29.0, 53.0) 0.037

Glucose, mmol/L 9.90 (6.70, 14.0) 10.5 (7.78, 16.6) 0.652

NLR 5.375 (2.24, 12.9) 6.916 (2.57, 16.8) 0.575

Pre-death

Fixed pupils 17.00 (89.5%) 12.00 (85.7%) 1.000

Hypotension 7.00 (38.9%) 2.00 (14.3%) 0.235

Hemoglobin, g/L 81.0 (73.0, 95.0) 85.0 (78.0, 95.0) 0.445

Platelets, *109/L 167 (94.0, 237) 169 (116, 235) 0.768

Albumin, g/L 23.0 (17.0, 31.0) 29.0 (22.0, 32.0) 0.186

INR, [PTt/PTn]ISI 1.60 (1.20, 2.20) 1.50 (1.30, 1.68) 0.526

PTT, s 44 (32.0, 71.0) 38.0 (30.5, 41.5) 0.215

Glucose, mmol/L 14.0 (8.50, 20.9) 8.30 (7.15, 15.9) 0.074

NLR 10.915 (5.23, 17.6) 8.615 (6.89, 10.14) 0.537

Independent pre-death

Fixed pupils 6.00 (75.0%) 8.00 (80.0%) 1.000

Hypotension 2.00 (25.0%) 0.00 (0%) 0.183

Hemoglobin, g/L 85.0 (75.8, 98.0) 93.0 (81.8, 102) 0.477

Platelets, *109/L 158 (94.5, 203) 173.5 (130, 276) 0.424

Albumin, g/L 18.5 (15.8, 24.8) 29.0 (23.0, 30.5) 0.035

INR, [PTt/PTn]ISI 1.55 (1.23, 2.80) 1.40 (1.30, 1.50) 0.413

PTT, s 36.5 (32.0, 67.8) 34.0 (30.0, 42.0) 0.295

Glucose, mmol/L 8.50 (7.95, 18.6) 7.50 (7.00, 8.80) 0.098

NLR 11.045 (5.60, 17.8) 8.67 (7.23, 11.0) 0.537

Continuous variables are presented as median (IQR) and categorical variables as n (%).

GCS, Glasgow coma scale; ISS, injury severity score; NLR, neutrophil to lymphocyte ratio;

INR, international normalized ratio; PTT, partial thromboplastin time. p values < 0.05 were

bolded.

TABLE 4 | Family meetings.

WLST Physiologic P-value

Family meetings total 2.00 (1.00, 4.00) 2.00 (1.00, 4.00) 0.173

Formal family meetings 1.00 (1.00, 4.00) 1.00 (0.00, 2.00) 0.333

Informal family meeting 0.00 (0.00, 1.00) 1.00 (0.00, 1.00) 0.323

and 2012 (27, 28). Our analysis, however, suggests these updates
did not impact mode of death in children. Our results likely
reflect the lack of major practice changes in the guideline updates;

however, there are a number of potential barriers that lead to
delays in guideline implementation, including lack of physician
awareness or agreement. Additionally, limitations in applicability
(e.g., due to complexity) could also play a role (29). In the context
of pediatric TBI guidelines, cost has not been shown to be a factor
in guideline adoption (30).

The recommendation to use invasive ICP monitoring for
patients with severe TBI was another relevant guideline that
did not appear to universally impact the study patients. There
is significant variability in ICP monitoring practices, from 8
to 59% reported of a similar timeframe (31, 32). One single
centre Canadian study evaluated reasons for not pursuing ICP
monitoring, and found the main reasons were improving GCS,
moribund status, and decision for clinical surveillance (33). We
do not have data on decision for not pursuing ICP monitoring
at our centre, but likely moribund status and opting for clinical
surveillance prevailed. In these scenarios, ICP-targeted therapies
would have been instituted in the setting of clinical deterioration.

Our results affirmed previously established strong predictors
of pediatric sTBI mortality at the point of admission (Table 1).
These include abnormal pupillary response, ISS > 25, GCS score,
the presence of intracranial bleeding (7), missing motor response
or fixed and bilateral dilated pupils (9), mechanism of injury
(8), subarachnoid hemorrhage (10), Rotterdam CT score (11),
acquired hypernatremia (12), and early presentation of central
diabetes insipidus (CDI) (5, 34). While previous investigations
have evaluated associations of admission values with outcomes
(5–8), this study is significant in its consideration of pre-death
variables and mode of death. Admission and pre-death values in
this study were often close in time and even overlapped in 37
(67%) patients and resulted in limited detection of differences
between these two time periods.

We found that higher PTT and lower albumin were associated
with physiologic death in the admission and pre-death periods,
respectively. Greater volume resuscitation in this group may
help explain this finding. Volume resuscitation has been shown
to drop albumin by 20% (35). Our findings may also be
explained by the established association of focal brain injury
and hepatocellular damage (36). This occurs via a rapid increase
in chemokine expression that can further amplify the local
brain injury response (37). The relatively lower hepatic function
in the physiologic death group (as reflected in a higher PTT
and lower albumin) may represent a more significant acute
phase response and associated amplification of local brain injury
responses. Moreover, the abnormal albumin in the physiologic
group may be explained by its established identity as a negative
acute phase reactant (38). The association of increased PTT
with physiologic death may also be considered representative
of trauma-induced coagulopathy, occurring independently of
general hepatic dysfunction. Abnormalities in laboratorymarkers
of coagulation such as PTT have been associated with mortality
(9, 10, 38). Moreover, early coagulopathy may be an independent
predictor of mortality in children after severe trauma (39).

The paucity of significant differences between our WLST and
physiologic death groups may be explained simply by the fact
that they were more similar than different. We surmise that those
children who died physiologically were worse on the spectrum
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of injury severity, in part due to their trend to a shorter time
to death. The majority of the physiologic group died by NDD.
Patients who die by WLST in the setting of severe brain damage
often meet many criteria for NDD (e.g., fixed pupils) but not all
criteria (e.g., negative apnea test). The fact that 54% of WLST
had cerebral blood flow testing suggests ∼½ of WLST patients
had near complete NDD testing, requiring the additional cerebral
blood flow testing to distinguish NDD from near-NDD. Our
findings suggest that it is difficult to prognosticate between those
patients who die by NDD to those who die otherwise (e.g., die by
WLST). This warrants further exploration with a larger sample in
a multi-centre setting.

Though no trends were seen in the number of family meetings
and outcomes, Children’s Aid Society or police involvement
was found to be associated with a slightly greater number of
family meetings (median 2.5 vs. 2). This finding reflects the
added complexity when non-accidental injury is considered.
One important finding was the poor documentation of multi-
disciplinary meetings, both in quality and in frequency. Accurate
documentation is important for continuity of care, family
support, and case reviews. Electronic medical records and
physician reimbursement schemes supported by documentation
should enable improved documentation.

The content of the family meetings provided insight into
the decision-making process preceding WLST. Over 90% of
families were documented as citing the child’s poor prognosis
as their primary reason for WLST in this study. Failure to
meet brain death criteria in the setting of poor prognosis was
expressed by others. A single-centre Norwegian study exploring
WLST decision-making in adult sTBI found that futility was the
rationale cited in a majority of cases (40).WLST decision-making
has also been explored in cohorts of children admitted to the
PCCU and following cardiac arrest. Fontana et al. (17) found
that chronic illness and patient dying despite intervention were
the most frequently documented contributors toWLST decision-
making for children admitted to the PCCU. Hunfeld et al. (16)
found considerable variability in neuroprognostication and its
association with WLST between European PCCUs, following
cardiac arrest. They reported that once neurological prognosis
was determined to be futile, only 55% of centres considered
pursuing WLST (41).

Our study has several limitations. First, this was a single
centre, retrospective study. As well, the study did not include ICP
values and, mortality during PCCU stay, but not after discharge
from the PCCU, was captured by our database. Longer-term
mortality is an important area of future research. Notably, our
findings were strengthened by our clear variable definitions and
regular quality checks. A future prospective study would allow
for more uniform data collection. Future qualitative analysis
of family meetings to understand their significance and factors
contributing to the decision to WLST is worthwhile.

CONCLUSIONS

Almost half of sTBI deaths in the PCCU were by WLST; there
was a trend toward a longer time to death in these patients.
Both groups were very similar, contrary to what one would
expect, reflecting similar pathophysiological processes. This
study introduces the idea of distinct predictive characteristics
of mortality in sTBI associated with WLST and physiologic
death. However, only a few early and late factors were identified
with mode of death, namely higher PTT and lower albumin.
Further investigation can help our understanding of predictors
of mode of death and how decisions are made for end-of-life,
which are important in how we care for sTBI patients and
their families.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Western University Research Ethics Board.
Written informed consent from the participants’ legal
guardian/next of kin was not required to participate in this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

This study was conceived by DF and JT and completed
under their supervision. TB conducted the qualitative data
collection and part of the quantitative data collection. Earlier data
collection, essential in forming the study database was conducted
by KA and TC. Data analysis was performed by MM. This
manuscript was written by TB and JT reviewed and edited by the
remaining author group. All authors contributed to the article
and approved the submitted version.

FUNDING

This study was funded by the Children’s Health Research Institute
(CHRI) in London, Ontario through their CHRI Internal
Research Grant Fund.

ACKNOWLEDGMENTS

We would also like to thank Kawmadi Abeytunge and Tanya
Charyk Stewart for their work in early data collection.

Frontiers in Pediatrics | www.frontiersin.org 6 December 2021 | Volume 9 | Article 793008

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Baird et al. Patterns in Pediatric sTBI Mortality

REFERENCES

1. Hall SC. Pediatric trauma in the 90s: an overview. Int Anesthesiol Clin.

(1994) 32:1–9.
2. Hiu Lam W, Mackersie A. Paediatric head injury: incidence,

aetiology and management. Pediatric Anesthesia. (1999) 9:377–
85. doi: 10.1046/j.1460-9592.1999.00431.x

3. Bruce DA, Schut L, Bruno LA, Wood JH, Sutton LN. Outcome
following severe head injuries in children. J Neurosurg. (1978)
48:679–88. doi: 10.3171/jns.1978.48.5.0679

4. Kraus JF, Fife D, Conroy C. Pediatric brain injuries: the nature, clinical
course, and early outcomes in a defined United States’ population. Pediatrics.
(1987) 79:501–7.

5. Alharfi IM, Stewart TC, Foster J, Morrison GC, Fraser DD. Central diabetes
insipidus in pediatric severe traumatic brain injury. Pediatr Crit Care Med.

(2013) 14:203–9. doi: 10.1097/PCC.0b013e31827127b5
6. Ducrocq SC, Meyer PG, Orliaguet GA, Blanot S, Laurent-Vannier A,

Renier D, et al. Epidemiology and early predictive factors of mortality
and outcome in children with traumatic severe brain injury: Experience
of a French pediatric trauma center∗. Pediatr Crit Care Med. (2006)
7:461. doi: 10.1097/01.PCC.0000235245.49129.27

7. Michaud LJ, Rivara FP, Grady MS, Reay DT. Predictors of survival and
severity of disability after severe brain injury in children.Neurosurgery. (1992)
31:254–64. doi: 10.1097/00006123-199208000-00010

8. Alhelali I, Stewart TC, Foster J, Alharfi IM, Ranger A, Daoud H, et al.
Basal skull fractures are associated with mortality in pediatric severe
traumatic brain injury. J Trauma Acute Care Surg. (2015) 78:1155–
61. doi: 10.1097/TA.0000000000000662

9. Emami P, Czorlich P, Fritzsche FS, Westphal M, Rueger JM, Lefering R, et al.
Impact of Glasgow Coma Scale score and pupil parameters on mortality
rate and outcome in pediatric and adult severe traumatic brain injury:
a retrospective, multicenter cohort study. J Neurosurg. (2017) 126:760–
7. doi: 10.3171/2016.1.JNS152385

10. Hochstadter E, Stewart TC, Alharfi IM, Ranger A, Fraser DD. Subarachnoid
hemorrhage prevalence and its association with short-term outcome in
pediatric severe traumatic brain injury. Neurocrit Care. (2014) 21:505–
13. doi: 10.1007/s12028-014-9986-7

11. Maas AIR, Hukkelhoven CWPM, Marshall LF, Steyerberg EW. Prediction
of outcome in traumatic brain injury with computed tomographic
characteristics: a comparison between the computed tomographic
classification and combinations of computed tomographic predictors.
Neurosurgery. (2005) 57:1173–82. doi: 10.1227/01.NEU.0000186013.63046.6B

12. Alharfi IM, Stewart TC, Kelly SH, Morrison GC, Fraser DD. Hypernatremia is
associated with increased risk of mortality in pediatric severe traumatic brain
injury. J Neurotrauma. (2013) 30:361–6. doi: 10.1089/neu.2012.2410

13. Hunfeld M, Nadkarni VM, Topjian A, Harpman J, Tibboel D, van
Rosmalen J, et al. Timing and cause of death in children following
return of circulation after out-of-hospital cardiac arrest: a single-
center retrospective cohort study. Pediatr Crit Care Med. (2020)
22:101–13. doi: 10.1097/PCC.0000000000002577

14. Trowbridge A, Walter JK, McConathey E, Morrison W, Feudtner
C. Modes of death within a children’s hospital. Pediatrics. (2018)
142:4182. doi: 10.1542/peds.2017-4182

15. McCallum DE, Byrne P, Bruera E. How children die in hospital. J Pain

Symptom Manage. (2000) 20:417–23. doi: 10.1016/S0885-3924(00)00212-8
16. HunfeldM,Muusers MAC, Catsman CE, Castillo JD, Tibboel D, Buysse CMP.

The current practice regarding neuro-prognostication for comatose children
after cardiac arrest differs between and within European PICUs: A survey. Eur
J Paediatr Neurol. (2020) 28:44–51. doi: 10.1016/j.ejpn.2020.06.021

17. Fontana MS, Farrell C, Gauvin F, Lacroix J, Janvier A. Modes of death
in pediatrics: differences in the ethical approach in neonatal and pediatric
patients. J Pediatr. (2013) 162:1107–11. doi: 10.1016/j.jpeds.2012.12.008

18. Association for the Advancement of Automotive Medicine (AAAM). The
Abbreviated Injury Scale Manual. Des Plaines, IL (1995).

19. Stewart TC, Alharfi IM, Fraser DD. The role of serious
concomitant injuries in the treatment and outcome of pediatric
severe traumatic brain injury. J Trauma Acute Care Surg. (2013)
75:836–842. doi: 10.1097/TA.0b013e3182a685b0

20. Canadian Neurocritical Care Group. Guidelines for the diagnosis of brain
death. Can J Neurol Sci. (1999) 26:64–6.

21. Shemie SD, Ross H, Pagliarello J, Baker AJ, Greig PD, Brand T, et al. Organ
donor management in Canada: recommendations of the forum on medical
management to optimize donor organ potential. CMAJ. (2006) 174:S13–
32. doi: 10.1503/cmaj.045131

22. Ralston M. ALS Provider Manual. Dallas, TX: American Heart Association
and American Academy of Pediatrics (2006).

23. Sands R, Manning JC, Vyas H, Rashid A. Characteristics of deaths in
paediatric intensive care: A 10-year study. Nurs Crit Care. (2009) 14:235–40.
doi: 10.1111/j.1478-5153.2009.00348.x

24. Kirschen MP, Topjian AA, Hammond R, Illes J, Abend NS.
Neuroprognostication after pediatric cardiac arrest. Pediatric Neurology.

(2014) 51:26. doi: 10.1016/j.pediatrneurol.2014.07.026
25. Kirschen MP, Walter JK. Ethical issues in neuroprognostication after

severe pediatric brain injury. Seminars Pediatric Neurol. (2015) 22:187–
95. doi: 10.1016/j.spen.2015.05.004

26. Shemie SD, Baker AJ, Knoll G, Wall W, Rocker G, Howes D, et al.
Donation after cardiocirculatory death in Canada. CMAJ. (2006)
175:S1. doi: 10.1503/cmaj.060895

27. Carney, NA, Chesnut R, Kochanek PM. Guidelines for the
acute medical management of severe traumatic brain injury in
infants, children, and adolescents. Critical Care Med. (2003)
33:538–46. doi: 10.1097/00003246-200306006-00001

28. Kochanek, PM, Carney N, Chestnut RM, Ghajar J, Goldstein B, et al.
Guidelines for the acute medical management of severe traumatic brain injury
in infants, children, and adolescents-second edition. Pediatric Crit Care Med.

(2012) 13:252. doi: 10.1097/PCC.0b013e31824e4ede
29. Fischer F, Lange K, Klose K, Greiner W, Kraemer A. Barriers and

strategies in guideline implementation-a scoping review. Healthcare. (2016)
4:36. doi: 10.3390/healthcare4030036

30. Graves JM, Kannan N, Mink RB, Wainwright MS, Groner JI,
Bell MJ et al. Guideline adherence and hospital costs in pediatric
severe traumatic brain injury. Pediatric Crit Care Med. (2016)
17:438–43. doi: 10.1097/PCC.0000000000000698

31. Alkhoury F, Kyriakides TC. Intracranial pressure monitoring in children with
severe traumatic brain injury: national trauma data bank-based review of
outcomes. JAMA Surg. (2014) 149:544–8. doi: 10.1001/jamasurg.2013.4329

32. Van Cleve W, Kernic MA, Ellenbogen RG, Wang J, Zatzick DF, Bell MJ,
et al. PEGASUS (Pediatric Guideline Adherence and Outcomes) project,
national variability in intracranial pressure monitoring and craniotomy for
children with moderate to severe traumatic brain injury.Neurosurgery. (2013)
73:746–52. doi: 10.1227/NEU.0000000000000097

33. Roumeliotis N, Pettersen G, Crevier L, Émeriaud G. ICP monitoring in
children: why are we not adhering to guidelines? Childs Nerv Syst. (2015)
11:2011–4. doi: 10.1007/s00381-015-2837-9

34. Abeytunge K, Miller MR, Cameron S, Stewart TC, Alharfi I, Fraser DD, et al.
Development of a mortality prediction tool in pediatric severe traumatic brain
injury. Neurotrauma Reports. (2021) 2:115–22. doi: 10.1089/neur.2020.0039

35. Lobo DN, Stanga Z, Simpson JA, Anderson JA, Rowlands BJ, Allison SP.
Dilution and redistribution effects of rapid 2-litre infusions of 0.9% (w/v)
saline and 5% (w/v) dextrose on haematological parameters and serum
biochemistry in normal subjects: a double-blind crossover study. Clin Sci.

(2001) 101:173–9. doi: 10.1042/cs1010173
36. Anthony DC, Couch Y, Losey P, Evans MC. The systemic

response to brain injury and disease. Brain Behav Immun. (2012)
26:534–40. doi: 10.1016/j.bbi.2011.10.011

37. Villapol S. Consequences of hepatic damage after traumatic brain injury:
current outlook and potential therapeutic targets. Neural Regeneration Res.

(2016) 11:226–7. doi: 10.4103/1673-5374.177720
38. Christiaans SC, Duhachek-Stapelman AL, Russell RT, Lisco SJ, Kerby JD,

Pittet J-F. Coagulopathy after severe pediatric trauma: A review. Shock. (2014)
41:476. doi: 10.1097/SHK.0000000000000151

39. Whittaker B, Christiaans SC, Altice JL, Chen MK, Bartolucci AA, Morgan CJ,
et al. Early coagulopathy is an independent predictor of mortality in children
after severe trauma. Shock. (2013) 39:421.

40. Robertsen A, Førde R, Skaga NO, Helseth E. Treatment-limiting
decisions in patients with severe traumatic brain injury in a Norwegian

Frontiers in Pediatrics | www.frontiersin.org 7 December 2021 | Volume 9 | Article 793008

https://doi.org/10.1046/j.1460-9592.1999.00431.x
https://doi.org/10.3171/jns.1978.48.5.0679
https://doi.org/10.1097/PCC.0b013e31827127b5
https://doi.org/10.1097/01.PCC.0000235245.49129.27
https://doi.org/10.1097/00006123-199208000-00010
https://doi.org/10.1097/TA.0000000000000662
https://doi.org/10.3171/2016.1.JNS152385
https://doi.org/10.1007/s12028-014-9986-7
https://doi.org/10.1227/01.NEU.0000186013.63046.6B
https://doi.org/10.1089/neu.2012.2410
https://doi.org/10.1097/PCC.0000000000002577
https://doi.org/10.1542/peds.2017-4182
https://doi.org/10.1016/S0885-3924(00)00212-8
https://doi.org/10.1016/j.ejpn.2020.06.021
https://doi.org/10.1016/j.jpeds.2012.12.008
https://doi.org/10.1097/TA.0b013e3182a685b0
https://doi.org/10.1503/cmaj.045131
https://doi.org/10.1111/j.1478-5153.2009.00348.x
https://doi.org/10.1016/j.pediatrneurol.2014.07.026
https://doi.org/10.1016/j.spen.2015.05.004
https://doi.org/10.1503/cmaj.060895
https://doi.org/10.1097/00003246-200306006-00001
https://doi.org/10.1097/PCC.0b013e31824e4ede
https://doi.org/10.3390/healthcare4030036
https://doi.org/10.1097/PCC.0000000000000698
https://doi.org/10.1001/jamasurg.2013.4329
https://doi.org/10.1227/NEU.0000000000000097
https://doi.org/10.1007/s00381-015-2837-9
https://doi.org/10.1089/neur.2020.0039
https://doi.org/10.1042/cs1010173
https://doi.org/10.1016/j.bbi.2011.10.011
https://doi.org/10.4103/1673-5374.177720
https://doi.org/10.1097/SHK.0000000000000151
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles


Baird et al. Patterns in Pediatric sTBI Mortality

regional trauma center. Scand J Trauma Resusc Emerg Med. (2017)
25:44. doi: 10.1186/s13049-017-0385-x

41. Section on Hospice and Palliative Medicine and Committee
on Hospital Care. Pediatric palliative care and hospice care
commitments, guidelines, and recommendations. Pediatrics. (2013)
132:966–72. doi: 10.1542/peds.2013-2731

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those

of the authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the reviewers.

Any product that may be evaluated in this article, or claim that may

be made by its manufacturer, is not guaranteed or endorsed by the

publisher.

Copyright © 2021 Baird, Miller, Cameron, Fraser and Tijssen. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Pediatrics | www.frontiersin.org 8 December 2021 | Volume 9 | Article 793008

https://doi.org/10.1186/s13049-017-0385-x
https://doi.org/10.1542/peds.2013-2731
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Clinical and Physiologic Factors Associated With Mode of Death in Pediatric Severe TBI
	Introduction
	Methods
	Study Design and Participants
	Statistical Methods

	Results
	Time to Death
	Clinical, Interventional and Laboratory Predictors of Mode of Death
	Family and Multidisciplinary Meetings
	Reason for WLST

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


