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Background:We aimed to examine process and outcome indicators for adolescents with specific injury patterns
managed in pediatric versus adult paradigms within the same trauma system.
Methods: Adolescents (15–17 years old) admitted to the region's adult trauma center (ATC) or pediatric trauma
center (PTC) with an abdominal injury, femur fracture or traumatic brain injury (TBI) were reviewed retrospec-
tively. Global and injury-specific process and outcome indicators were compared.
Results:Of 141 ATC and 69 PTC patients, injury patterns differed significantly with more TBI and abdominal inju-
ries at the ATC and femur fractures at the PTC. Overall injury severity was greater at the ATC. Patients with solid
organ injuries appeared more likely to undergo embolization or splenectomy at the ATC; however, higher injury
grade and later time period were the only variables significantly associated with this. Computed tomography
(CT) was used significantly more frequently at the ATC overall, most notable with panscanning and head CTs

for major TBI. Time to operativemanagement did not differ for patients with isolated femur fractures. Neuropsy-
chological follow up after minor TBI was documented more often at the PTC than the ATC; there was no differ-
ence for those with more severe TBIs.
Conclusions: Management varies for adolescents between PTCs and ATCs with more exposure to radiation and
less neuropsychological follow-up of less severe TBIs at the ATC. This presents distinct opportunities to identify
best policies for triage and sharing of management practices within a single regional inclusive trauma system
in order to optimize short and long-term outcomes for this population.
Type of study: Retrospective cohort.
Level of evidence: Level IV.

© 2020 Elsevier Inc. All rights reserved.
Management of major injury in adolescents presents challenges and
perspectives conflict over whether they should be cared for in pediatric
or adult trauma centers. Adolescents may have the physical size and
physiology of young adults and mechanisms of injury are often more
comparable to those seen in adults (e.g. driving) supporting treatment
in adult trauma centers (ATCs). Conversely, their psychosocial and edu-
cational needs may be closer to those of children, resulting in benefits
from services in pediatric centers.
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Evidence suggests equal or better outcomes when injured adoles-
cents aremanaged in PTCs. Rationale for this includes less surgical inter-
vention on solid organ injuries (SOIs) and penetrating trauma, limiting
exposure to ionizing radiation with CT scanning, lower thresholds for
neurosurgical intervention for traumatic brain injuries (TBIs), stronger
family and patient-centered care reflecting psychoeducational needs
of the developing adolescent and cognizance of risk of posttraumatic
stress disorders [1–10]. This is contrary to perceptions of greater trauma
expertise and ready access to interventions at ATCswhichmay improve
outcomes in that paradigm.

Striking a balance between the pediatric-like and adult-like needs of
this unique population, care of major injuries may require a blend of
ATC and PTC resources at both the prehospital and institutional levels
within the same system. Although such a model may result in differ-
ences in severity of injury casesmanaged in either center, this and asso-
ciated potential variations in outcomes require exploration. Using a
common set of injury subtypes, we aim to compare severity of injury
cases, processes in trauma care and outcomes of the adolescent trauma
population managed at a PTC and ATC within a regional trauma system

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2020.07.032&domain=pdf
https://doi.org/10.1016/j.jpedsurg.2020.07.032
natalie.yanchar@ahs.ca
https://doi.org/10.1016/j.jpedsurg.2020.07.032
Imprint logo
http://www.sciencedirect.com/science/journal/00223468


513N.L. Yanchar et al. / Journal of Pediatric Surgery 56 (2021) 512–519
using a blended model of adolescent trauma care. We hypothesize that
although variations in injury severity will exist between the two para-
digms, process and clinical outcomes will be comparable.

1. Methods

1.1. Study environment

The southern Alberta trauma system, centered on one Level I ATC
and one Level I PTC [11], provides a blended model of care for injured
adolescents. At both sites, trauma team response and emergent access
to CT and surgical consultation are available 24 h a day, 7 days a week.
Consistent in-house anesthesia, however, is present only at the ATC,
allowing for emergent access to the operating room (OR) as needed
while access is limited to within 60 min at the PTC during overnight
hours, weekends and holidays. Similarly, interventional radiology, par-
ticularly for embolization of solid organ injuries, is available on an ur-
gent basis around-the-clock at the ATC, but only within 1 h of request
during evenings, weekends and holidays at the PTC. Adolescents
(15–17 years old) with major injury are generally triaged to the ATC if
being transferred from a rural hospital, and to the PTC if coming directly
from the scene, most of these occurring in Calgary, the largest city in
southern Alberta where the ATC and PTC reside. Some prehospital
care-provider discretion also influences which site the patient may go
to, depending (anecdotally) on perception of severity of injuries, con-
comitant intoxication, mechanism (assault) and apparent maturity of
the patient. Around-the-clock access to the OR at the ATC as well per-
ception of greater experience with surgical injuries also sways
prehospital triage to the ATC for cases of penetrating injury and those
with hemodynamic instability. In the emergency department (ED), de-
cisions on need for imaging, transfusions and operative intervention are
guided by the hemodynamic and clinical status of the patient, generally
reflecting Advanced Trauma Life Support (ATLS) principles and predi-
cated on the judgment of the trauma surgeon and/or emergency physi-
cian.Major trauma is assessed by a formal trauma teamresponse at each
center while more minor injuries are assessed by the emergency depart-
ment physicianwith consultation to surgical services as needed. Acute in-
hospital care follows protocols defined by each center's trauma program
as do rehabilitation and follow-up, especially for patients with TBI.
Those at the PTC receive a follow-up within 4–6 weeks through the
center's Pediatric Brain Injury Clinic where they undergo assessment to
ensure return to learn and play. Those admitted to the ATC, however,
may either be transferred to the PTC for in-patient rehabilitation and sub-
sequent Pediatric Brain Injury Clinic follow-up or theymay follow the re-
gional adult TBI trajectory and be referred to the region's Brain Injury
Program which triages patients to services according to their needs [12].

1.2. Study design

We retrospectively reviewed cases of all adolescents (15–17 years
old) admitted to the ATC or PTC between 01/01/2012 and 31/12/2016
with an intraabdominal injury (ICD10 codes S31.6, S35.0–S35.6, S36),
and/or TBI (S06.0–S06.9), and/or femur fracture (S72). Patients were
excluded if the mechanism of injury was not from an external source
(e.g. slipped epiphysis). Injuries were considered “isolated” if there
was no associated injury of either of the other two body systems consid-
ered in this study. Injuries of other body systemswere not considered in
the analysis. Justification of choice of these three body systems in-
cluded: abdominal injuries with a focus on SOIs to evaluate differences
in imaging and interventions; femur fractures with relatively uniform
surgical needs that can reflect commitment to rapid surgical care and
TBIs to evaluate for imaging and neurocognitive follow-up.

Data were obtained through electronic medical records, local data
analytics and theAlberta TraumaRegistry (ATR). The ISS is readily avail-
able from the ATR for all caseswith an ISS ≥ 12; for this study, the ISSs of
less severe cases were calculated by the ATR staff using the ICD-10 dis-
charge diagnoses codes.

Process outcomes of interest included numbers of CT scans obtained
in the ED and during admission (each of four body areas scanned
counted as one event: head+/−cervical spine, chest, abdomen+/
−pelvis, extremities); use of panscanning (head+chest+abdomen/
pelvis scan); condition-specific length of stay (LOS) in the ED;
condition-specific operative or radiologic interventions (spleen and
liver SOIs were specifically addressed to reflect higher likelihood of re-
quiringhemorrhage control); time to theOR for isolated femur fractures
(from time of admission to the ED); blood product transfusion (any
blood products within the ED or during admission); transfer between
centers; and neurocognitive follow-up for TBIs (documented atten-
dance at either a rehabilitation, traumatic brain injury or neurosurgery
clinic). Missing data are described in the tables; effects on analysis are
described in the text.

Clinical outcomes includedmortality and in-hospital LOS. Evaluation
of LOS was restricted to cases with isolated injuries in order to reduce
the influence of other injuries on this outcome. Because of heterogeneity
of cases, in-hospital complications were not collected; however, patient
return to the ED within 30 days of discharge was evaluated as a measure
of appropriateness of discharge. Analyses were stratified by injury sever-
ity where applicable: higher (>15) versus lower (<16) ISS. Spleen and
liver SOIs were stratified by the CT organ grade: high (grades 4–5) versus
low (grades 1–3). TBI cases were classified according to final clinical and
CT diagnoses: concussions versus hemorrhagic lesions (contusions,
intraparenchymal hemorrhage, subdural and epidural hematomas, sub-
arachnoid hemorrhage) versus diffuse injury (diffuse axonal injury/dif-
fuse anoxic injury); they were then stratified as major TBI (hemorrhagic
lesions or diffuse injury) versus minor TBI (concussions).

1.3. Statistical analysis

Descriptive analyses included univariate comparisons using
Student's T-Tests for numerical variables with normal distributions;
data not normally distributed were compared using nonparametric
methods (Kruskal–Wallis test). Proportions were compared using chi-
squared or two-sided Fisher's Exact (for cell counts <5) tests. In cases
wheremultiple variableswere associatedwith the outcomes of interest,
weighted logistic regression using propensity scoring was applied uti-
lizing all variables reaching a p-value of <0.25 on univariate analyses.
Variables of most interest (ATC versus PTC, high versus low ISS) were
forced into the models regardless of univariate measures. Correspond-
ing estimates and p-values are reported, with p-values <0.05 consid-
ered statistically significant.

All statistical analyseswere performed using SAS statistical software,
Version 9.4, Cary, NC, USA. The study was approved by the Research
Ethics Board of the University of Calgary.

2. Results

One-hundred-forty-two and 68 patients meeting the inclusion
criteria were admitted to the ATC and PTC, respectively (Table 1). Sex
distribution was comparable but adolescents were, on average, older
at the ATC (16.9 versus 16.1 years). Similar proportions were trans-
ferred from peripheral hospitals. Injury patterns differed significantly,
with TBIs proportionally accounting for more cases at the ATC, femur
fractures for more cases at the PTC and abdominal injuries (including
liver and/or spleen SOIs) being equally distributed. Most injuries were
isolated with regards to the three injury patterns under study (Fig. 1).
Themedian ISSwas significantly greater at theATCwith 2-foldmore se-
verely injured patients with ISS > 15 (Table 1). This pattern remained
relatively consistent over the 5-year time period (Fig. 2).

CT scanning varied between the two centers (Table 2). For those
cases with injuries isolated to one of the three body systems under
study, this practice was significantly more frequent at the ATC for only



Table 1
Patient and injury characteristics.

Pediatric trauma center Adult trauma center Significance of difference (p-value)

Count 68 142
Mean age (years) +/− SD 16.1 +/− 0. 7 16.9 +/− 0.8 <0.0001
Male (%) 75.0% 71.8% 0.63
Admitted from peripheral hospital 35.3% 47.9% 0.085
Later era (2015–2016) 35.3% 45.1% 0.18
Total TBI (% of all injuries) 30 (44%) 90 (63%) 0.008
All TBI cases Mild (concussion; no CT lesion) (%) 55.3 31.1 0.029

Moderate (hemorrhagic lesion on CTa) (%) 43.3 55.6 0.25
Severe (diffuse axonal/anoxic injury on CT) (%) 3.3 13.3 0.13

Total abdominal injuries (% of all injuries) 19 (28%) 47 (33%) 0.45
Spleen and/or liver SOI (% of all injuries) 17.7% 28.9% 0.080

Total femur fractures (% of all injuries) 24 (35%) 24 (17%) 0.003
Median ISS (interquartile range) 9 (8.5–16) 16 (9–25) 0.0005
ISS > 15 (%) 30.9 62.0 <0.0001

TBI: traumatic brain injury, CT: computed tomography, ISS: injury severity score; SOI: solid organ injury; SD: standard deviation.
a Hemorrhagic lesion: intraparenchymal contusion/hemorrhage, subdural/epidural hematoma, subarachnoid bleed.
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cases with TBI, regardless of the overall injury severity. Findings were
more variable when considering TBI severity (Table 3). Patients with
an isolated TBI and an identified hemorrhagic lesion on initial head CT
underwent>1head CT during their hospital admissionmore frequently
at the ATC versus the PTC; the median (interquartile range) number of
head CTs for this patient groupwas 1 (1–2) and 2 (2–3) at the two cen-
ters, respectively (p= 0.004). Conversely, 92% of patients with concus-
sions underwent only 1 head CT with no difference seen between the 2
centers.

A significant difference was observed with panscanning which oc-
curred 3.5 to 17-foldmore frequently at the ATC for caseswith high ver-
sus low ISS, respectively (Table 2). After adjusting for covariates, clinical
variables remaining significantly associated with panscanning included
presentation with a TBI (any severity), the requirement for transfusion
of any blood products and an ISS of >15 (Table 4). Admission to the
ATC was the only nonclinical variable also associated with this practice.

ED LOS did not vary significantly between the two centers among all
cases or those with isolated femur fractures (Table 2). In-hospital LOS
among all cases, however, was significantly longer at the ATC versus
the PTC when examining all cases together or isolated femur fractures
with low injury severity. Among those sustaining isolated TBIs, a signif-
icantly higher in-hospital LOSwas observed in the ATC, regardless of se-
verity (Table 3).

Regarding interventions for specific injuries, no significant differ-
ences were noted between the two center types. Eight percent of
Fig. 1. Distribution of injuries: PTC versus ATC. TBI: traumatic brain injury, AbI:
abdominal injury, FF: femur fracture. Hatched bars = isolated injuries; solid bars =
nonisolated injuries (see text).
patients at the PTC with a hemorrhagic TBI underwent surgical inter-
vention (ranging from insertion of an intraventricular drain to operative
cranial decompression) similar to 19% at the ATC (p=0.67) (Tables 2 &
3). Similarly, regardless of center, almost all underwent operative fixa-
tion for a femur fracture, with no difference seen when stratifying by
overall injury severity. Time to the OR for isolated femur fractures ap-
peared to be similar; however, almost half of cases were missing this
data point (Table 2). Transfusion of blood products for abdominal inju-
ries, including isolated spleen and liver injuries, was more frequently
practiced at the ATC versus the PTC (31.9% versus 5.3%, p = 0.02), al-
though statistical significancewas lostwhen considering isolated spleen
and liver injuries only (34.2% versus 8.3%, p = 0.08) (Table 2). Patients
with spleen or liver solid organ injuries appeared to undergo interven-
tion (5 underwent operative splenectomy; 10 underwent emboliza-
tion) more frequently at the ATC versus the PTC (37.8% vs 0%, p =
0.02) (Fig. 3); however, this lost statistical significance when stratifying
by injury severity (Table 2). Therewas also no association of undergoing
such intervention in the presence (25.0%) versus absence of (26.7%) a
concomitant major TBI (chi square, p = 1.0) or with older patients
within the cohort (39% of 17 year olds versus 23% of 15–16 year olds,
p = 0.26). Most notable is that after adjusting for covariates, organ
grade (high grades of IV or V) and being injured in the latter half of
the study period, but not the need for transfusion of blood products,
were the only variables remaining positively associated with undergo-
ing such an intervention (Table 5). No patients at either trauma center,
with an isolated solid organ injury, regardless of grade, required admis-
sion to the intensive care unit. One patient at each site, each with a low
grade SOI but major TBI, required critical care.

Over the study period, one patient was transferred from the PTC to
the ATC for management of a spinal cord injury while 6 patients were
transferred from the ATC to the PTC, primarily for ongoing
neurocognitive rehabilitation. After discharge from hospital,
neurocognitive follow up for TBI patients occurred significantly more
often for adolescents managed at the PTC versus the ATC, although
this reached statistical significance only with thosewithmild TBIs (con-
cussions). This pattern persisted when categorizing patients by the ini-
tial hospital of management or recategorizing them after transfer
between hospitals. No difference was found between the two sites of
rates of mortality or unanticipated presentation to the ED/readmission
within 30 days of discharge (Table 2).

3. Discussion

Adolescence represents the transitional phase of growth and devel-
opment between childhood and adulthood. Although defined by some
as the age range of 10–19 years [13], it represents the phase of change
of psychological, cognitive, social, sexual and emotional constructs

Image of Fig. 1
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Fig. 2. Yearly distribution of admissions to regional trauma centers. Values within bars represent median ISS (interquartile range) of that year cohort.
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between childhood and adulthood [14]. Physiological and anatomical
transitions also occur. Bone mass continues to increase during puberty
reaching 90% not until age 18 in females and 20 in males [15]. Spleen
morphology also changes, with children having a thicker andmore elas-
tic capsule, with a higher proportion of white pulp, whichmay help ex-
plain the greater comfort with and success of nonoperative
management of splenic injuries in children relative to adults
Table 2
Process and clinical outcome comparisons between pediatric and adult trauma centers, stratifi

ISS < 16

PTC
(n = 47)

ATC
(n = 54)

CT scanning
Total CT scans/patient: median (IQ range) 0 (0–1) 2 (1–3)
% undergoing panscan 2.1 35.2
% with isolated femur fracture undergoing a panscan 0 20.0
% with isolated TBI undergoing a panscan 6.7 53.9
% with isolated abdominal injuries undergoing a panscan 0 12.5

Lengths of stay
ED LOS (h): median (IQ range) 4.8

(2.9–10.2)
6.0 (4.1–8.4

ED LOS (h): median (IQ range), isolated femur fractures 3.9 (1.9–6.8)
(n = 21)

5.8 (4.1–8.1
(n = 10)

In-hospital LOS (days): median (IQ range) 2 (1–3) 3 (2–5)
In-hospital LOS (days): median (IQ range), isolated femur
fractures

2 (2–3) 4.5 (3–11)

Interventions
Operative intervention for major TBI (%) 0 0
Operative intervention for femur fracture (%) 95.5 90.9
Hours to OR for isolated femur fracture n = 12/20a

16.5
(4.0–18.0)

n = 5/10a

14.2 (12.2–

Transfusion blood products for any abdominal injury (%) 0 5.9
Transfusion blood products for spleen or liver SOI (%) 0 0
Intervention on spleen or liver SOI (%) 0 38.9

Clinical
Return to ED within 30 d discharge (%) 8.5 1.9
In-hospital mortality (%) 0 0

PTS: pediatric trauma center, ATC: adult trauma center, ISS: Injury Severity Score, CT: compute
LOS: length of stay, OR: operating room, na: not analyzed, SOII: Solid Organ Injury.

a Data available only for 12 of 20 cases undergoing operative fixation.
[4–6,16–19]. This is a continuous process so no discreet age cutoff can
be determined for “peak” strength of the spleen, but higher thickness
has been observed in cadaver specimens up to age 20 years [17]. Addi-
tionally, adolescents may be particularly vulnerable to opioid addiction
and observations such as use of prescribed opioids by the 12th grade
coupled with increased opioid prescribing practices by adult surgeons
compared to pediatric surgeons, for comparable procedures, may
ed by ISS.

Significance of
Differences
(p-value)

ISS >15 Significance of
differences
(p-value)

PTC
(n = 21)

ATC
(n = 88)

<0.001 1 (0–2) 4 (3–5) <0.001
<0.001 19.1 69.3 <0.001
0.10 0 7.43 0.38
0.0025 8.3 70.8 <0.0001
0.51 20.0 43.8 0.61

) 0.180 4.9 (3.5–7.8) 4.5 (2.9–6.6) 0.335

) 0.15 16.8
(16.8–16.8)
(n = 1)

11.5
(4.7–14.1)
(n = 7)

0.28

0.0003 2 (2–5) 8 (4–28) 0.0003
0.0062 9 (9–9) 8 (4–12) 0.51

na 8.3 18.5 0.67
1.0 0 100 0.13

16.5)
0.92 n = 0/1

-
n = 4/7
-

na

0.41 12.5 46.7 0.08
na 20 50 0.21
0.52 0 23.8 0.13

0.18 4.8 9.2 1.00
na 4.8 6.8 1.00

d tomography, IQ: interquartile, TBI: traumatic brain injury, ED: emergency department,

Image of Fig. 2


Table 3
Process and outcome comparisons between pediatric and adult trauma centers — isolated TBI cases only.

Concussion Hemorrhagic lesion Diffuse lesions

PTC
(n = 13)

ATC
(n = 24)

p-value PTC
(n = 13)

ATC
(n = 42)

p-value PTC
(n = 1)

ATC
(n = 8)

p-value

Required neurosurgical intervention (%) 0 0 na 7.7 19.1 0.67 0 25 na
Underwent > 1 head CT (%) 7.7 8.3 1.0 38.5 86.5 0.018 0 100 na
In-hospital LOS (days), median (IQ range) 1 (1–1) 3 (2–5) 0.0015 2 (1–3) 9 (3–32) 0.0010 61 28

(13–67)
na

Attended TBI follow-up (%) 84.6 33.3 0.0029 100 73.8 0.097 100 71.4 na

PTS: pediatric trauma center, ATC: adult trauma center, CT: computed tomography, IQ: interquartile, TBI: traumatic brain injury, LOS: length of stay, na: not analyzed.

Table 4
Variables associated with panscan.

Proportion of cases with panscan
(total n = 210)

Estimate +/− std. error

Unadjusted Adjusteda

Type of trauma center ATC PTC −2.3 +/− 0.6
P < 0.0001

−2.4 +/− 0.3
p = <0.0001b56.3% 7.4%

Clinical presentation of TBI (major or minor) With any TBI No TBI −1.5 +/− 0.4
p = 0.0002

−1.5 +/− 0.3
P < 0.0001b21.1% 55.0%

ISS High (>15) Low (<16) 1.1 +/− 0.4
p = 0.003

1.3 +/− 0.3
P < 0.0001b59.6% 19.8%

Age 17 years 15–16 years p = 0.91 ns
55.0% 31.5%

Year of admission 2015–2016 2012–2014 0.40 +/− 0.40
p = 0.22

0.8 +/− 0.3
p = 0.005b48.9% 34.4%

Transfusion of blood products (any) Yes No −1.1 +/− 0.5
p = 0.03

−2.1 +/− 0.5
P < 0.0001b73.7 33.5

PTS: pediatric trauma center, ATC: adult trauma center, ISS: Injury Severity Score, TBI: traumatic brain injury, ns: not significant.
a Measure of model performance: null deviance 491 on 207 degrees of freedom; residual deviance 318 on 201 degrees of freedom; AIC:330.
b Statistically significant association.
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further enhance this vulnerability [20,21]. Variability in timing of pu-
berty, growth and development, especially in the context of psycholog-
ical and psychoeducational constructs that are affected by traumatic
injury events, defies establishment of a homogenous age cohort in this
population.

The state of knowledge and published literature regarding optimal
management of injured adolescents in PTCs versus ATCs are limited.
However, for one injury pattern, as alluded to above, intraabdominal
solid organ injuries undeniably undergo significantly less surgical and
radiologic (embolization) intervention in PTCs than in ATCs,with equiv-
alent transfusion rates, need for critical care, and mortality [7–9]. Even
within the same trauma center, embolization has been shown to occur
more frequently when management is led by adult versus pediatric
care teams [5]. Intuitively, the presence of a concomitant TBI should
0
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Fig. 3. Comparison of interventions on solid organ injuries re
also increase the likelihood of an intervention and/or transfusion to en-
sure optimal brain perfusion and prevent secondary neurologic injury,
and may be used as reason why more intervention happen in an ATC,
where the overall severity of injury presentation is often greater. We
did not observe this, however, regardless of trauma center type. This
was also the casewhen analyzing cases of blunt splenic injury in theNa-
tional Trauma Database (aged ≥16 years), where the presence of a con-
comitant significant TBI was not associated with increase operative
intervention, the authors hypothesizing that such patients may receive
more focused interventions to prevent secondary brain injury such as
increased used of blood products and more aggressive correction of co-
agulopathies [9].

In our study, however, although the descriptive and univariate anal-
yses would suggest that adolescents with spleen or liver injuries
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Table 5
Variables associated with interventions on liver/spleen solid organ injuries.

Proportion of cases with intervention
(total n = 53)

Estimate +/− std. error

Unadjusted Adjusteda

Type of trauma center ATC PTC p = 0.99 ns
34.5% 0%

Organ injury grade IV–V I–III 4.2 +/− 1.6
p = 0.009

4.1 +/− 1.4
p = 0.004b90.0% 11.6%

ISS High (>15) Low (<16) p = 0.93 ns
36.4% 0%

Transfusion of blood products Yes No p = 0.48 ns
33.3% 23.7%

Sex Male Female p = 0.99 ns
35.0% 0%

Year of admission 2015–2016 2012–2014 2.4 +/−1.2
p = 0.049

2.3 +/− 1.1
p = 0.030b39.1% 16.7%

PTS: pediatric trauma center, ATC: adult trauma center, ISS: Injury Severity Score, ns: not significant.
a Measure of model performance: null deviance 91 on 52 degrees of freedom; residual deviance 25 on 47 degrees of freedom; AIC:36.6.
b Statistically significant association.
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managed at the ATC were more likely to undergo an intervention, after
controlling for covariates, only a higher organ grade and later time pe-
riod within the study remained significantly associated with this. The
inability to control for other important covariates such as hemodynamic
status and the limitation of the relatively lownumber of these casesmay
call into question the true validity of our findings as differences in inter-
vention rates between ATCs and PTCs have been seen in prior studies.
The lack of significant difference in transfusion of blood products, how-
ever, might suggest that hemodynamic status did not differ between
those at the ATC versus the PTC and that other drivers beyond CT
grade, perhaps more prevailing in the later years, may influence this
practice at an ATC. Indeed, previous studies have demonstrated less
comfort with management of SOIs in children by those who predomi-
nantly manage adult trauma [22]. However, it is possible that observing
no statistically significant difference is a true finding in our region,
reflecting the increasing trend for nonoperative management for
splenic injuries in adults that has been observed over the past decades.

The increased use of CT scanning in the ATC relative to the PTC is also
consistent with previous studies. Although this only reached statistical
significance with head CTs for more severely injured patients, adoles-
cents managed at the ATC underwent at least twice as many CT scans
(ED and in-patient combined) than those at the PTC. Sathya et al. also
demonstrated similar findings utilizing data from the US Trauma Qual-
ity Improvement Program [10]. Comparing 19 PTCs versus 33 ATCs, in-
jured adolescents (aged 13–18 years) seen primarily in the ED
underwent 22% less CT scans overall in the PTCs, specifically 27% less
head CTs, although this was not stratified on injury types. This is also
consistent with the findings of Thurley et al. who demonstrated that
the transition age range of adolescents is associated with an almost lin-
ear increase in CT scanning, increasing three-fold over the age range of
15 to 19 years [23]. Although that study was not limited to trauma
alone, it demonstrates a change in culture of management of young pa-
tients as they transition to adulthood rather than a change in incidence
of disease processes.

The practice of avoiding panscanning at the PTC likely reflects a
higher cognizance of the long-term effects of radiation, creating a cul-
ture of more targeted imaging, especially in cases where clinical evi-
dence suggests isolated body system injuries (e.g. isolated TBIs).
Evidence-informed protocols to limit radiation exposure are also more
likely to be present in a pediatric center. For example, several studies
have shown that with the exception of an abnormal mediastinal silhou-
ette on chest x-ray, a chest CT will not add any further value to inform
management in injured children and adolescents, making routine
panscans unnecessary in this patient population [24,25].

Recognition of the carcinogenic effects of ionizing radiation in chil-
dren has been associated with a significant decrease in use of CT scan-
ning in pediatrics over time in the past decade [26,27]. This, however,
has not been the case in the adult population. Bellolio et al. demon-
strated a consistent increase in ED visit CTs between 2003 and 2012 at
a single institution, with rates of use in adults increasing between 5%
and 34%, being highest in the older age strata [26]. Among patients
<18 years of age, however, rates decreased by 41% over the same
time period, demonstrating that management in the adult context
does not reflect the concern of ionizing radiation seen in the pediatric
context. This recognition is especially important for adolescents as re-
cent studies have shown that the older pediatric age range appears to
be an independent factor in experiencing higher effective doses of radi-
ation from CTs, defined as the amount of radiation to which a person is
exposed and the biological effects of that radiation on the exposed or-
gans [28]. This may be somewhat a consequence of the larger doses re-
quired for larger body size, but, nonetheless, reflects an ultimately
higher risk of CT-associated radiation in this older “pediatric” group.

This study has demonstrated that adolescents managed at the re-
gional ATC were, in general, more severely injured than those at the
PTC. This corresponds to the distribution of all adolescents entered
into the ATR over the same time frame: 82% of those aged 15–17 years
with an ISS of 12 or greater (all injury subtypes), or penetrating injury
with any ISS, were managed at the ATC versus 18% at the PTC. This is
in sharp contrast to the management pattern seen with injuries of any
severity, where among the same age group, 63% were admitted to the
PTC and only 37% to the ATC (ATR, personal communication, data not
shown). From the perspective of an inclusive trauma system, this triage
distributionmay be appropriate. Volumes ofmajor trauma at anATC are
significantly greater than at a PTC, allowing for more experience of per-
sonnel in acute management and may confer more readiness of emer-
gent interventional resources such as angiography and access to the
OR. Conversely, urgent surgical intervention may still be prioritized in
both paradigms such as the comparable times to repair of isolated
femur fractures between the two centers. As we demonstrated, ulti-
mately, clinical outcomes varied little between the two trauma center
types, suggesting that the system “is working”. This is comparable to re-
cent studies including that by Rogers et al. demonstrating that within
their regional trauma system, despite somevariances in injury subtypes,
penetrating trauma in their adolescent population had at least equiva-
lent risk-adjusted outcomes when managed in a PTC versus an ATC [3].

From a resource perspective, it is of interest that overall length of
stay for “isolated” injury patterns such as femur fracture or TBI appeared
to be longer at the ATC versus the PTC, at both the lower and higher in-
jury severity strata. It may be that “isolated” in this case means femur
fracture without TBI or abdominal injury or TBI without femur or ab-
dominal injury, and does not take into account other potential injuries
that may have prolonged the patients' stay at the ATC. It may also be
possible that those adolescents admitted to the PTC were more quickly
connectedwith the in-house Pediatric Rehabilitation Programand Brain
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injury Clinic, creating a greater comfort in earlier discharge with outpa-
tient follow-up versus those that may have had to be referred from the
ATC and a more granular assessment of specific injury patterns is re-
quired to truly determine this.

Finally, we observed more complete neuropsychological follow-
up of patients sustaining a TBI when managed at, or undergoing TBI
rehabilitation at the PTC. This could be reflective of the perception
that the adolescent brain is still a pediatric brain, and because of its
ongoing development it requires close follow up in the event of in-
jury. Although recent evidence demonstrates equivalent clinical
short-term outcomes between those cared for in PTCs versus ATCs
(mortality, overall complication rate and functional status at dis-
charge), these studies tend to focus on early outcomes [29,30].
The significance of the findings in this study reflects that far less
is known about more distal outcomes and how acute experiences
in hospital may reflect later outcomes, especially with regards to
educational, affective and behavioral outcomes. For example, ado-
lescents have been found to be at high risk for posttraumatic de-
pression, posttraumatic stress disorders (PTSD) and significant
associated quality of life deficits up to 2 years after the traumatic
event [31,32]. Associations between PTSD, acute events in hospital
and mild TBI have been found and should be addressed in adoles-
cents sustaining major injuries, especially if they have a concurrent
TBI. Commitment to screening for and early intervention to address
risks for transition from acute stress disorders to PTSD are more
likely to occur in institutions committed to overall health care of
children, youth and their families [33], leading to the potential of
better psychological, educational and functional outcomes with
management in a setting committed to care of adolescents. Addi-
tionally, parental reaction to the injury of their child, even as an ad-
olescent, can lead to depressive or dysfunctional reactions which
may be best approached with intervening at the family level, some-
thing that is more likely when managed in the pediatric versus
adult paradigm [34].

Advantages of such follow-uphave beendemonstrated in recent stud-
ies. Undoubtedly, both children and adults with major TBI benefit from
long-term follow-up in order to maximize outcomes despite long-term
impairments as shown by several studies and we observed no significant
difference in follow-up in this subgroup of patients in our study [35,36].
However, for those sustaining aminor TBI, follow-upwasmore consistent
in the pediatric paradigm and itmay be this population that requires spe-
cific consideration when managed in an adult setting where the value of
this for children and adolescentsmay not be so readily recognized. For ex-
ample, Renaud et al. recently performed a randomized controlled trial of
older children (10–18 years) with mild TBI [37]. Those receiving individ-
ualized follow-up with psychoeducational assessments versus usual care
of discharge pamphlet information demonstrated less fatigue,
postconcussive symptoms, posttraumatic stress symptoms and better
quality of life. Benefits of follow-up for mild TBI have also been shown
in the adult population and truly should be considered for all ages within
an inclusive trauma system [38].

Several limitations of this study must be acknowledged. Firstly,
the numbers are relatively small and preclude generalization of
these results to other trauma systems, although anecdotally, triage
of adolescent patients varies significantly across Canada, with differ-
ent provinces and regions having different policies. Secondly, the
retrospective nature of this study precludes the determination of nu-
ances that may have led to the triage of a patient from one center
versus the other in this study. More specifically, the overall increased
injury severity of the cohort managed at the ATC suggests that other
injuries (aside from femur fractures, abdominal injuries and TBIs)
were likely, and would not have been accounted for when speaking
of isolated injury patterns. This may also explain the longer overall
lengths of stay of patients with isolated TBIs and femur fractures.
On the contrary, we were unable to determine confounding that
may lead to increased ISS values at the ATC, such as increased use
of CT scanning which may pick up injuries that are not clinically ob-
vious or relevant, yet would contribute arithmetically to the overall
ISS (e.g. grade 1 splenic injuries). As follows, the use of ISS to dis-
criminate major versus minor injury may also be a limitation as it
is not pediatric-specific. Being based purely on anatomic injuries,
the ISS does not account for physiologic derangements that may con-
tribute to overall severity. As such, other scoring systems have been
proposed and have shown perhaps better specificity to identify seri-
ous injury in all ages, but particularly in children, such as the
weighted ISS or those that reflect need for critical care or operative
resources [39–41]. These, however, have not generally been incorpo-
rated into large trauma registries such as ours. There is also a concern
that scoring systems that reflect need for intervention [41] may bias
severity in adult centers where interventions on pediatric injuries
(e.g. splenic embolization) may be more likely to occur than in a pe-
diatric setting, with equivalent severity of injury. The implications of
this on a study population that is on the cusp of adulthood are not
clear, but we feel unlikely to have affected the main conclusions of
our study. Thirdly, review of cases admitted to the regional ATC or
PTC precluded the ability to consistently identify patients who may
have had tests or procedures, such as CT scanning, done prior to ar-
rival at the trauma center, potentially leading to an underestimation
of the total numbers of CTs performed. However, with triage policies
favoring those cases from longer distances going to the ATC, and
using the assumption that such patients are more likely to undergo
CT scanning at their initial hospital prior to transfer, this would
have unlikely changed the overall finding of more CTs performed at
the ATC. Finally, missing data, especially with regards to time inter-
val to surgical repair of femur fractures, lend caution to the interpre-
tation of these results.

In conclusion, although clinical outcomes are relatively the same for
adolescentsmanagedwithin an adult or pediatric paradigm,we observed
several differences, especially with use of ionizing radiation and
neurocognitive follow-up after TBI. Unlike other published findings, we
did not observe a significant association of trauma center typewith inter-
ventions on liver and spleen SOIs, but this relatively consistent finding in
the literature cannot be ignored. Findings from this study are not new in
the literature: however, the variations in many aspects of care present
distinct opportunities to identify best practices for management of ado-
lescents sustaining major trauma. This study outlines several areas of
management that may benefit from ongoing communication between
the adult and pediatric centers and sharing of best practices reflective of
the needs of this populationwithin a single regional inclusive trauma sys-
tem. Indeed, these concepts could be expanded to develop qualitymetrics
of how (not necessarilywhere) this unique population ismanagedwithin
an inclusive trauma system (e.g. rates of use of CT scanning, rates of ap-
propriate versus inappropriate interventions on SOIs, comprehensiveness
of neurocognitive follow-up after TBI). Ultimately, consideration of the
psychosocial constructs that are unique to adolescence (school, social net-
working, etc.) should also be considered when optimizing their injury
care. Undoubtedly, strict use of chronologic age to determine where an
adolescent should be managed may not be in their best interest as both
paradigms have potential benefits and disadvantages. Triage should al-
ways be to the center with the best access to needed resources. What
maybemore important is the sharing of best evidence-informedpractices
(such as limiting exposure to ionizing radiation, spleen conservation,
criteria for admission to the intensive care unit) and guidelines (e.g.
such as the ATOMAC guidelines for management of blunt splenic injury
in children less than the age of 16 years) between adult and pediatric
trauma centers within an inclusive trauma system, so that optimum
short and long-term outcomes are ensured [42]. Undoubtedly, the results
of this study raisemore questions than provide answers, but clearly dem-
onstrate the need for furtherwork to ensure that this unique patient pop-
ulation is managed at the appropriate place to ensure efficient use of
resources within an inclusive trauma system together with optimal
short and long-term outcomes at all points of care.
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