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Abstract
Background: As the majority of severe pediatric traumatic brain injuries (TBI) are received and managed in the emergency 
department (ED), the ED trauma center is vital to optimizing management. This study aimed to evaluate current management 
guidelines, and to recognize other high-risk components of TBI management.

Methods: A retrospective chart review was conducted solely at the Jim Pattison Children’s Hospital in Saskatoon, Canada. Data 
pertaining to severe pediatric brain injury in emergency department included transport to trauma center, injury severity, indicators 
for raised intracranial pressure, airway and breathing, circulation, disability/central nervous system, complications, and outcome 
scores.

Results: A total of 56 charts were included in the study population. Mean age of patient population was 14.3 years of age, with 
76% being male. Thirty four percent of patients received a blood gas within 15 minutes of admission, and 20% received interven-
tion to correct PCO2. Of the seven patients who received hyperosmolar therapy, three were based on computed tomography (CT) 
findings and four were based clinically. For 95% of patients, the position of the bed was not documented, and just 4% of patients 
had head of bed elevated to 30 degrees. Sixty four percent of patients were accompanied by a physician with airway expertise 
during CT.

Conclusion: Building on current TBI guidelines, timeliness of PCO2 retrieval and improvements for targeted hyperosmolar 
therapy were noted. Two other potential areas for improving management included deliberate considerations for head of bed 
positioning and personnel accompanying patients undergoing CT. 

Keywords: Brain injuries; Children; Traumatic; Quality 
improvement

Introduction
Traumatic brain injury (TBI) is the leading cause of residual 
disability and injury-related mortality in North American children 
[1-4]. Consequently, it is crucial to understand prognostic factors 
involved in improving outcomes that can be implemented in the 
management of this patient population. Although risk factors 
and mortality in adult TBI have been well studied, evidence in 

children is less robust [5]. Adherence to severe TBI guidelines [6] 
in pediatrics has been associated with higher discharge survival 
and improved Glasgow Outcome Scale (GOS) scores [5]. The 
emergency department (ED) is an important consideration [2], 
as it receives and provides timely management to the majority 
of injuries. To date, there have been two multi-center studies that 
examined ED adherence to pediatric TBI guidelines. A large multi-
center study from Argentina observed 6 ED adherence parameters 
relating to hypoxia, hypotension, disability, and hyperosmolar 
therapy [7]. The second was the Pediatric Guideline Adherence 
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and Outcomes Study (PEGASUS) group who included five 
ED adherence measures relating to management of hypoxia, 
hypotension, temperature, and hyperosmolar therapy [4]. Although 
the group from Argentina did not a find significant association 
between adherence to pediatric TBI guidelines and improved 
survival and outcome scores, the PEGASUS group did demonstrate 
a positive association [4,7]. Evaluating ED management of 
severe pediatric TBI with the aforementioned parameters may 
be missing key elements of care. This retrospective study aimed 
to expand on published ED adherence parameters through the 
application of current TBI guidelines [6] and recognition of 
high-risk components of TBI management in children. Areas 
of management addressed included; airway and breathing, 
circulation, disability, investigations, and specific neuroprotective 
therapies. We hypothesized that areas of ED management could 
be improved, in a province that has significant barriers regarding 
lengthy interfacility transports from rural, remote, and isolated 
communities [8]. 

Methods

Study Center 

This study was a retrospective chart review that was 
conducted at the Jim Pattison Children’s Hospital (JPCH) in 
Saskatoon, Canada.

Population and criteria

Eligible individuals were identified through medical records 
and a Pediatric Intensive Care Unit (PICU) registry. Inclusion 
criteria included: patients ≤ 18 years, severe TBI defined as 
Glasgow Coma Scale (GCS) score of ≤ 8 prior to triage in the 
JPCH ED, injury from 2010 to 2018, Head Abbreviated Injury 
Scale (AIS) score of ≥ 3, TBI ICD codes (800-801.9, 803-804.9, 
850-854.1, or 959.01) and triaged in the ED. Increased intracranial 
pressure (ICP) at the ED was defined by i) craniotomy with 12 
hours of admission; or, ii) herniation syndrome or midline shift > 
5 mm on neuroimaging; or, iii) raised ICP monitoring of > 20 mm 
cm H2O within 12 hours of admission. Exclusion criteria included 
death prior to arrival of ED.

Emergency Department Metrics

An exhaustive list of potential management indicators was 
created by a pediatric neurointensivist and neurosurgeon with 
experience in traumatic brain injury. Indicators and metrics were 
considered if they were consistent with TBI guidelines, clinically 
relevant, and accessible through a retrospective chart review. It was 
then vetted through a focus group which comprised of 3 pediatric 
intensivists, two neurosurgeons, and four emergency physicians. 
Modifications to the list ensued, followed by a final focus group 
review. Items required a 75% majority to be included. The final 
metrics included: a) position of head of bed (HOB); b) position of 
head (C-spine precaution); c) time of first temperature check; d) 

temperature treated in 30 minutes if <36 or >37.5°C; e) hypoxia 
treated in 30 minutes after onset; f) systemic hypotension [SBP < 
70 + 2 (age) or MAP < 40 + 1.5 (age)] treated within 30 minutes 
of admission; g) blood gas CO2 obtained within 15 minutes of 
admission; h) ETCO2 monitoring; i) blood gas CO2 corrected 
within 5 minutes if <35 or >40; j) clinical seizures treated within 
10 minutes of onset; k) timing of admission to labs including 
glucose, CBC, differential and electrolytes; l) timing of admission 
to computed tomography (CT); m) complications in CT (i.e. 
herniation, unplanned extubation); n) personnel with patient in CT; 
o) indications to administer hyperosmolar therapy; and, p) timing 
of admission to either neurosurgical operating room or PICU.

Variables

Patient identifiers included age, weight, gender, and 
mechanism of injury (including motor vehicular collision, fall, 
pedestrian vs. vehicle, gunshot, assault, bicycle). Pre-trauma 
center metrics included time of injury to arrival at trauma center, 
distance of scene to trauma center (if beyond urban emergency 
medical services catchment), and mode of transport (ground, fixed 
wing, helicopter EMS). Injury severity was documented with 
Head AIS and Pediatric Risk of Mortality (PRISM) score. Raised 
ICP at trauma center was defined as craniotomy within 12 hours of 
admission, raised ICP > 20 cm H2O within one hour of placement, 
and ED neuroimaging suggesting herniation syndrome or midline 
shift > 5 mm). ED TBI metrics were discussed above. Outcomes 
included: day 1 mortality, mortality, comfort care at admission, 
length of PICU stay, length of hospital stay, and GOS scores of 
survivors. 

Statistical Methods

All analyses were be done using SPSS software. Discrete 
variables were reported as percentages, and continuous variables 
were reported as median and interquartile ranges. 

Results

Of the 57 charts identified through the registry, a total of 56 
charts were included in the study population. Patient demographics, 
mechanism of injury and first responder data are summarized in 
Table 1. Metrics for airway, breathing, circulation and disability are 
summarized in Table 2. Of note, 34% (n=19) of patients received 
a blood gas within 15 minutes of admission and 20% (n=11) 
received interventions to achieve PCO2 between 35-40mmHg. 
Conversely, with regard to hypotension, the majority received 
corrective intervention within 15 minutes of identification. The 
HOB was elevated to 30 degrees for 4% (n=2) of patients, and was 
not documented for most (95%). Thirteen percent (n=7) of patients 
demonstrated radiographic signs of herniation on CT. Metrics for 
CT, and therapies directed at raised ICP is summarized in Table 3. 
Among the 8 patients (14.3%) who died in hospital, 5 died on day 
one of hospital stay. Four patients (7.1%) required comfort care on 
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discharge. Length of PICU stay and hospital admission averaged 9.5 (SD 8.3) and 22.9 (SD 24.6) days, respectively. Median GOS on 
discharge was 3 (range 3 to 5). 

Demographics

Age in years* 14.3 ± 4.6

Male sex, n(%) 43 (76)

Mechanism of injury

MVC (%) 25 (45)

Fall, n (%) 4 (7)

Pedestrian vs vehicle, n (%) 5 (9)

Recreational vehicle, n (%) 5 (9)

Sports related, n (%) 3 (5)

Gunshot, n (%) 1 (2)

Other, n (%) 9 (16)

First responder data

AIS+ 4 (2-5)

PRISM+ 12 (7-17)

Location in km* 161.8 ± 125.3

Lowest GCS+ 3 (3-6)

Air transport (%) 30 (54)

Ground transport (%) 26 (46)

Intubated prior to arrival (%) 42 (75)

Event to ED (minutes)* 233.1 ± 117.1

*mean ± standard deviation; +median (interquartile range). AIS = abbreviated injury scale, ED = Emergency Department, GCS = Glasgow Coma 
Scale, MVC = motor vehicle collision, PRISM = Pediatric Risk of Mortality Score.

Table 1: Patient characteristics and first responder data (n = 56).

Airway/Breathing  

Intubated in ED, n (%) 12 (21)

Time of intubation in minutes* 22.1 ± 14.7

Hypoxia, n (%) 3 (5)

Hypoxia treated, n (%) 2 (67)

Blood gas within 15 min., n (%) 19 (34)

If no blood gas within 15min., how long in minutes* 39.7 ± 26.8

EtCO2 obtained, n (%) 37 (66)

If EtCO2 obtained, how long after intubation in minutes 13.9 ± 25.2
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CO2 corrected, n (%) 11 (20)

Circulation

Systolic hypotension, n (%) 9 (16.)

Systolic hypotension corrected within 15min., n (%) 6 of 9 (67)

MAP hypotension, n (%) 7 (13)

MAP hypotension corrected within 15min., n (%) 7 of 7 (100)

Disability

Pupils checked, n (%) 48 (86)

Time of pupil check in minutes* 4.8 ± 12.1

GCS checked, n (%) 55 (98)

Position of bed not documented, n (%) 53 (95)

Position of bed 30 degrees, n (%) 2 (4)

C-spine precautions, n (%) 54 (96)

Temperature checked, n (%) 43 (77)

Time of temperature check in minutes* 21.7 ± 35.2

Abnormal temperature treated, n (%) 6 (11)

Clinical seizures, n (%) 4 (7)

If seizures, when treatment initiated in minutes* 6.5 ± 5.2

Laboratory

Labs taken, n (%) 53 (95)

Time to first labs in minutes* 31.5 ± 29.4

*mean ± standard deviation. ED = emergency department; EtCO2 = end-tidal CO2; GCS = Glasgow Coma Scale; MAP = mean arterial pressure.

Table 2: Measures for airway, breathing, circulation, disability (n = 56).

Indicators of raised ICP  

Herniation, n (%) 5 (8.9)

Midline shift, n (%) 2 (3.8)

Emergent craniotomy, n (%) 6 (10.7)

CT

Time to CT in minutes* 77 ± 29.1

Personnel: not charted, n (%) 31 (55.4)

Personnel: MD with airway expertise, n (%) 16 of 25 (64)

Complications in CT, n (%) 3 (5.4)

Hyperosmolar therapy
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Therapy provided, n (%) 7 (12.5)

Time to hyperosmolar therapy in min. 38.6 ± 15.2

Indication: CT findings, n (%) 3 (42.9)

Indication: clinical, n (%) 4 (47.1)

Operating room

Time to neurosurgical OR in minutes 114 ± 80.7

*mean ± standard deviation. ICP = intracranial pressure; OR = operating room.

Table 3: Patient data regarding intracranial pressures and therapies (n = 56).

Discussion
The purpose of this study was to evaluate application of 

standard therapy guidelines and recognize other risk factors with 
regard to the management of severe pediatric TBI in the ED. Two 
key findings from this study relate to metrics outlined in current TBI 
guidelines; timeliness for retrieval of first PCO2, and indications 
for hyperosmolar therapy. Two non-guideline metrics showed 
that the HOB was not elevated in a large majority of our patients, 
and an inconsistent presence of physicians with airway expertise 
accompanying patients to the CT scanner. One of the deficiencies 
we reported was a timely retrieval of PCO2. Cerebral blood flow 
varies proportionally with PCO2 and is the most important factor 
that balances ICP exacerbation with adequate cerebral oxygenation 
[9]. Although most patients received EtCO2 monitoring within 
fifteen minutes of ED admission, a blood gas was obtained in only 
34% of our patients during this time, and even fewer received 
corrections to maintain target normocapnia. Targeted ventilation in 
the ED has been well documented for optimal discharge outcomes 
in patients with normocarbia (PaCO2=36-45mmHg), and increased 
mortality with hypocapnia and hypercapnia (PaCO2 ≤35mmHg, 
and ≥46mmHg, respectively) [9]. As important, EtCO2 is not 
an adequate initial surrogate for PCO2 in pediatric patients with 
severe TBI, but its trend can be useful between PCO2 retrieval 
times [10,11]. This study also gathered data around hyperosmolar 
therapy administration based on clinical and radiological signs 
of raised ICP. Although the gold standard for ICP monitoring is 
placement of an intracranial monitor, it is obviously not feasible 
during the initial resuscitation in the ED [12,13]. The most 
challenging part of targeted hyperosmolar therapy in severe TBI 
has been the proper identification of increased ICP. Thirteen of 
our patients received hyperosmolar therapy, with an even split 
between CT and clinical indication for its use. Clinically changes 
in Glasgow Coma Scale, pupillary reactivity, and herniation 
syndrome are often late signs of raised ICP. Radiographically, a 
CT scan can be inconclusive in quantifying ICP after severe TBI 
[13,14], unless obvious criteria have been met. Together, they 
point to the utility of more novel techniques of reliably and rapidly 

estimating ICPs , such as transcranial dopplers or ultrasonography 
of optic nerve sheath diameters [12]. 

Adult ED management guidelines by the Seattle International 
Brain Injury Consensus Conference included elevation of HOB to 
30-45o as an intervention [15]. HOB elevation can have beneficial 
effects on raised ICP by facilitating cerebral blood flow, increasing 
cerebrospinal fluid drainage, and maximizing cerebral venous 
return [16,17]. Although our study found that only 4% of patients 
had their HOB elevated, current pediatric TBI guidelines do not 
address this potential therapy. One hesitation may have been 
adherence to spinal precautions, but reverse Trendelenburg should 
not cause spine flexion and allows for HOB elevation. Interestingly, 
the wide range of HOB elevation recommendations in adults is 
likely indicative of patient height variations and consequential 
hydrostatic differences between skull base and heart level [17]. 
Given the known beneficial effects of elevating the HOB including 
lowering ICP as well as other multisystem effects in severe TBI 
[18,19], we recommend it as a high-level priority in the initial ED 
management with normotensive patients. 

Finally, we identified that brain CT in the ED may require 
further considerations. Our study found that 5% of patients 
experienced adverse events during CT scan, with only 65% of 
patients being accompanied by a physician with airway expertise. 
However, a recent national study examined CT practice standards 
for severe pediatric TBI across tertiary care centers in Canada, and 
found that over half of the respondents experienced an adverse 
event in CT [20]. These events, including airway complications 
may be avoided with the correct care team at bedside. 

Major limitations in this study included the small population 
cohort, the nature of chart reviews, variability in pre-hospital care 
and a single trauma center cohort. Inherent in a chart-review, data 
collection relies on accurate chronicling, thus calling to question 
the certainty regarding absence of the expected management 
versus failure of documentation. This limitation was especially 
important regarding HOB position. Lastly, patients arrived to the 
tertiary care hospital with previous management outside of our 
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documentation parameters. The scope of this study did not include 
pre-hospital management that may have affected ED management 
protocols on arrival. 

Conclusion
This study compared ED management of pediatric severe 

TBI to guidelines, as well as novel parameters shown to affect TBI 
outcomes in adults. Although there are many areas of adherence to 
current recommendations, we would suggest further considerations 
around time metrics for obtaining PCO2, non-invasive bedside 
evaluations for raised ICP, raised HOB with normotensive patients, 
and medical personnel for CT scanning. 
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