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Abstract

Purpose Most North American trauma systems have

designated trauma centres (TCs) including level I

(ultraspecialized high-volume metropolitan centres), level

II (specialized medium-volume urban centres), and/or level

III (semirural or rural centres). Trauma system

configuration varies across provinces and it is unclear

how these differences influence patient distributions and

outcomes. We aimed to compare patient case mix, case

volumes, and risk-adjusted outcomes of adults with major

trauma admitted to designated level I, II, and III TCs

across Canadian trauma systems.

Methods In a national historical cohort study, we

extracted data from Canadian provincial trauma

registries on major trauma patients treated between 2013

and 2018 in all designated level I, II, or III TCs in British

Columbia, Alberta, Quebec, and Nova Scotia; level I and II

TCs in New Brunswick; and four TCs in Ontario. We used

multilevel generalized linear models to compare mortality

and intensive care unit (ICU) admission and competitive

risk models for hospital and ICU length of stay (LOS).
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Ontario could not be included in outcome comparisons

because there were no population-based data from this

province.

Results The study sample comprised 50,959 patients.

Patient distributions in level I and II TCs were similar

across provinces but we observed significant differences in

case mix and volumes for level III TCs. There was low

variation in risk-adjusted mortality and LOS across

provinces and TCs but interprovincial and intercentre

variation in risk-adjusted ICU admission was high.

Conclusions Our results suggest that differences in the

functional role of TCs according to their designation level

across provinces leads to significant variations in the

distribution of patients, case volumes, resource use, and

clinical outcomes. These results highlight opportunities to

improve Canadian trauma care and underline the need for

standardized population-based injury data to support

national quality improvement efforts.

Résumé

Objectif La plupart des systèmes de traumatologie nord-

américains disposent de centres de traumatologie (CT)

désignés, y compris de niveau I (centres métropolitains

ultraspécialisés à volume élevé), de niveau II (centres

urbains spécialisés à volume moyen) et/ou de niveau III

(centres semi-ruraux ou ruraux). La configuration des

systèmes de traumatologie varie d’une province à l’autre et

nous ne savons pas comment ces différences influent sur la

répartition de la patientèle et sur les issues. Notre objectif

était de comparer le mélange de cas des patient�es, le

volume de cas et les issues ajustées en fonction du risque

des adultes ayant subi un traumatisme majeur admis�es

dans des CT désignés de niveaux I, II et III dans l’ensemble

des systèmes de traumatologie canadiens.

Méthode Dans une étude de cohorte historique nationale,

nous avons extrait des données des registres provinciaux

canadiens de traumatologie sur les patient�es ayant subi un
traumatisme majeur traité�es entre 2013 et 2018 dans tous

les CT désignés de niveau I, II ou III en Colombie-

Britannique, en Alberta, au Québec et en Nouvelle-Écosse,

les CT de niveau I et II au Nouveau-Brunswick, et dans

quatre CT en Ontario. Nous avons utilisé des modèles

linéaires généralisés à plusieurs niveaux pour comparer la

mortalité, les admissions en unité de soins intensifs (USI) et

les modèles de risque compétitif pour la durée du séjour à

l’hôpital et à l’USI. L’Ontario n’a pas pu être inclus dans

les comparaisons des devenirs parce qu’il n’y avait pas de

données démographiques pour cette province.

Résultats L’échantillon de l’étude comptait 50 959

patient�es. La répartition des patient�es dans les CT de

niveaux I et II était similaire d’une province à l’autre, mais

nous avons observé des différences significatives dans le

mélange des cas et les volumes pour les CT de niveau III. Il

y avait une faible variation de la mortalité ajustée en

fonction du risque et des durées de séjour entre les

provinces et les CT, mais la variation interprovinciale et

intercentre des admissions à l’USI ajustées en fonction du

risque était élevée.

Conclusion Nos résultats suggèrent que les différences

dans le rôle fonctionnel des CT selon leur niveau de

désignation d’une province à l’autre entraı̂nent des

variations importantes dans la répartition des patient�es,
le nombre de cas, l’utilisation des ressources et les issues
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cliniques. Ces résultats mettent en évidence les possibilités

d’amélioration des soins de traumatologie au Canada et

soulignent la nécessité de disposer de données normalisées

sur les blessures dans la population pour appuyer les

efforts nationaux d’amélioration de la qualité.

Keywords injury outcomes � national comparisons �
trauma systems

Organized trauma systems have evolved in most North

American health jurisdictions in the past four decades. These

systems encompass injury prevention and clinical care across

all phases of the patient trajectory, including prehospital care,

stabilization, definitive acute care, rehabilitation, and

community reintegration.1–3 Acute trauma care is generally

delivered across a network of level I to V trauma centres (TCs)

where prehospital and patient transport systems direct patients

to higher levels of care as required.2 Level I centres are high-

volume urban academic centres in metropolitan regions that

provide all tertiary and specialized quaternary services. Level II

centres generally offer the same services as level I but may have

lower case volumes and don’t have the same academic

mandate. Level III centres are commonly hospitals in small

towns with general surgery capacity. Their role is to stabilize

and transfer most major trauma patients to level I/II TCs,

particularly those requiring neurosurgery, complex orthopedic

surgery, or nonoperative management of solid organ

injuries.1–3 In Canada, the designation of TCs is conducted by

provincial health authorities, usually guided by standards

published by accreditation bodies.1–3 Accreditation is a formal

process whereby accrediting bodies verify whether their

standards are actually met. Trauma centre accreditation in

Canada was conducted by the Trauma Association of Canada

(TAC) until 2017 and Accreditation Canada (AC) thereafter

and has been conducted by the Institut National d’excellence en

santé et services sociaux in Quebec since 1993.4 Accreditation

is not mandatory outside of Quebec and, as such, many

Canadian trauma systems/centres do not participate in a

national accreditation process. Therefore, the functional roles

of TCs could differ from national standards and may vary across

provinces, which may have an influence on patient outcomes.

Organized systems of trauma care reduce major trauma

mortality by an estimated 15%5 and patients with moderate

to severe injury have better functional and quality-of-life

outcomes when treated at higher level TCs.6–9

Nevertheless, there is a knowledge gap on how

differences in the functional roles of same-designated

TCs across jurisdictions influence patient orientations and

outcomes.10 We aimed to compare patient case mix, case

volumes, and risk-adjusted outcomes of adults with major

trauma admitted to TCs across Canadian trauma systems

according to designation level.

Methods

We conducted a national historical cohort study. The study

protocol, including a data analysis and statistical plan, was

approved by all authors and filed with the CHU-de-Québec

research ethics committee before data were accessed. We

report results according to the Strengthening of Reporting of

Observational Studies in Epidemiology (STROBE) statement

(Electronic Supplementary Material [ESM] eAppendix).11

Study population

We included adults (C 16 yr old) hospitalized for major

trauma (Injury Severity Score [ISS] C 12) between 1 April

2013 (change in Abbreviated Injury Scale [AIS] coding)

and 31 March 2018 (most recent data across provinces) in

all designated level I, II, and III TCs in the Canadian

provinces of British Columbia (BC), Alberta (AB), Québec

(QC), and Nova Scotia (NS); all designated level I and II

centres in New Brunswick (NB); and four TCs in Ontario

(ON). In the case of multiple acute-care admissions for the

same event (approximately 6% of admissions),12 only the

admission to the TC with the highest designation level (i.e.,

the definitive care TC) was considered. Hospital stays

following repatriation were not considered.

Data collection

The following patient-level data were extracted from

provincial or institutional trauma registries: age, sex,

comorbidities, AIS score of the three most severe injuries,13

Glasgow Coma Scale (GCS) and systolic blood pressure

(SBP) measured on arrival at the emergency department (ED),

intensive care unit (ICU) admission, hospital and ICU length

of stay (LOS), and in-hospital death. Data were centralized in

Research Electronic Data Capture (REDCap, Vanderbilt

University, Nashville, TN, USA).14 Data sharing

agreements were obtained from all participating institutions

and ethics approval was obtained from the CHU-de-Québec

research ethics committee.

Outcomes

Outcomes were in-hospital mortality, ICU admission, and

hospital and ICU LOS. In-hospital mortality was defined as

any death in the index hospital. ICU admission was any

admission (immediate or late) to an ICU during the index

stay. Admissions to step-down or transition units were not

considered. Hospital and ICU LOS were calculated as the

number of days between admission and discharge at the

index hospital.
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Statistical analyses

PATIENT DISTRIBUTIONS

We compared the case mix of patients admitted to level I,

II, and III TCs across provinces by calculating absolute and

relative frequencies according to age and injury type. We

compared patient volume by calculating average annual

admissions for each TC and for all TCs by designation

level for each province.

RISK-ADJUSTED OUTCOME COMPARISONS

Mortality and ICU admission were modelled using

multilevel logistic regression. Emergency department

deaths were excluded for the latter. To account for

survival bias, hospital and ICU LOS were modelled using

competitive risks models.15 Risk-adjustment variables for

all outcomes were determined a priori using previous

research on Canadian acute injury populations16–18 and

included age (16–54, 55–64, 65–74, 75–85, and 85? yr),

sex, maximum AIS in each body region (head/face, neck/

thorax, abdomen, spine, upper extremities, lower

extremities), GCS (3–8, 9–12, 13–15), SBP (\ 90,

C 90 mm Hg), and injury mechanism (motor vehicle

collision, fall from own height, fall from higher than own

height, penetrating, other). We chose categories over

splines for continuous covariates, as the latter did not

change effect or variance estimates of interest. Risk factors

were modelled as fixed effects and random intercepts were

used to model outcomes on centres and provinces. All

models were stratified by designation level. Intercentre and

interprovincial comparisons were based on risk-adjusted

estimates of the incidence of mortality and ICU admission

and of median hospital and ICU LOS with 95% confidence

intervals (CIs). We conducted comparisons for all

diagnoses combined and for injury cohorts identified a

priori: traumatic brain injury (TBI), spinal cord injury

(SCI), multisystem blunt trauma, and severe orthopedic

injury (ESM eTables 1–3). We also stratified by age (\ 65

or C 65 yr). Because of low patient volume and low

probability of the outcome, we did not assess mortality for

SCI and we did not assess mortality, ICU admission, or

ICU LOS for severe orthopedic injury. Patients from ON

were not included in provincial outcome comparisons as

we did not have data from all TCs in the province.

Missing data

Data on GCS and SBP were missing for 18% and 3% of

observations, respectively. Given the data available and

missing data mechanisms, we considered the missing-at-

random mechanism plausible and used multiple imputation

to simulate missing data. We derived separate imputation

models for each analysis model (by outcome overall and in

each subgroup) and included all variables in respective

analysis models. We used the Markov Chain Monte Carlo

method with single chains based on a multivariate normal

model to generate 25 imputations, corresponding to the

highest fraction of missing data.19

Sensitivity analyses

We restricted provincial outcome comparisons to

observations with no missing data. We then repeated

mortality comparisons 1) excluding patients aged C 85 yr

and 2) restricted to mortality\ 30 days.

Results

Study sample

The study sample comprised 50,959 patients admitted for

major trauma between 1 April 2013 and 31 March 2018

(ESM eTable 1). Among provinces that submitted data

from all level I, II, and III centres (AB, BC, NS, and QC),

the proportion of patients aged C 65 yr varied from 28% in

AB to 46% in QC. Injury severity was similar but the

proportion of patients with a GCS B 8 on ED arrival varied

from 5% in BC to 13% in QC. Over half of patients were

transferred in from another hospital in NS whereas transfer

proportions were around 35% in BC, AB, and QC.

Globally, around one half of patients were admitted for

TBI (60% in NS), one quarter for multisystem injury,

whereas SCI and severe orthopedic injuries both

represented approximately one out of 13 patients.

Comparisons of patient distributions

We observed statistically significant differences in the

distribution of patients among level I, II, and III centres

across provinces overall and in injury subcohorts (ESM

eTables 2–4, Fig. 1).

CASE MIX

Patients in level I centres in QC were older (42% aged

C 65 yr compared with 36% overall) with more severe

injuries (44% with ISS C 25 vs 41% overall) compared

with other provinces (ESM eTable 2). In level II centres

(ESM eAppendix 4), patients were older in QC (46% aged

C 65 yr compared with 38% overall) and more severely

injured in NB (39% with ISS C 25 vs 34% overall).

Patients in level III centres (ESM eTable 4) in QC and NS

were older (56% and 58% aged C 65 yr, respectively
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compared with 45% overall) with lower injury severity

(13% and 18% ISS C 25 yr, respectively compared with

20% overall) compared with other provinces. Proportions

of major trauma patients managed in level I or II centres

were similar in the four provinces submitting data from all

designated level I–III centres (80% in BC, 84% in AB,

78% in QC, and 84% in NS; Fig. 1) although the

distribution between levels I and II varied with two thirds

of patients managed in level I centres in AB compared with

only about half in BC and QC. Around three quarters of

patients aged C 65 yr were managed in a level I or II centre

in BC, QC, and NS compared with 84% in AB. The

Fig. 1 Distribution of patients in level I, II, and III centres overall and subcohorts. Numbers are percentages.

*Ontario data are not based on all trauma centres.

AB = Alberta; BC = British Columbia; QC = Quebec = NB, New Brunswick; NS = Nova Scotia; ON = Ontario
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proportions of patients with TBI or multisystem injury

treated in a level I or II centre were similar across

provinces. Nevertheless, the proportion of patients with

SCI treated in a level I centre varied significantly (99%,

86%, 72%, and 67% in NS, QC, AB, and BC, respectively).

Patients with severe orthopedic injury were more often

managed in level III centres in QC (37%) compared with

other provinces (around 20%).

VOLUMES

Mean annual patient volumes in level I centres were around

800 in AB and 600 in AB and QC (Table; ESM eFig. 1) but

were much lower in NS (395) and NB (127). In level II

centres, the mean annual volume in the single centre in AB

(430) was almost twice that of the three centres in BC (238)

and three times that of the five centres in QC (148). The

level II centre in NB treated on average 89 patients per

year, close to the volume of their level I centre. Mean

annual volumes of level III centres varied between 10 in

NS and 94 in BC and were inversely related to the number

of designated centres per province (between 21 and 5).

Volumes per 10,000 population (excluding ON) were

lowest in QC for all designation levels (7.1, 1.8, and 0.4 per

10,000 for level I, II, and III, respectively). Volumes were

highest in NS for level I centres (41), AB for level II (10),

and BC for level III (1.9).

Comparisons of outcomes

MORTALITY

Crude outcomes data are provided in ESM eTable 5. Little

variation in risk-adjusted mortality between provinces was

observed for level I or level II centres but QC was below

the global mean for the former (9.3% [95% CI; 8.2 to 10.4],

Fig. 2). Nevertheless, for level III centres, risk-adjusted

mortality was significantly lower than the global mean in

BC and AB (7.4% [6.1 to 9.1] and 5.7% [95% CI; 4.4 to

7.2], respectively) and higher in QC and NS (11.7% [10.0

to 13.5] and 15.3% [10.8 to 21.2], respectively). These

patterns were similar in the subcohort of patients with TBI

(ESM eFig. 2a) and multisystem injuries (ESM eFig. 2b)

and when stratifying by age (ESM eFigs 2c, d). Variation

in risk-adjusted mortality between TCs within provinces

(intraprovincial variation) appeared as large as variation

between provinces (interprovincial variation) for level I

and II centres (ESM eFig. 2e). Nevertheless, for level III

centres, TCs in AB and BC systematically had lower risk-

adjusted mortality than that of the same level centres in NS

and QC.

INTENSIVE CARE UNIT ADMISSION

Significant provincial variation in ICU admission remained

after risk adjustment for all designation levels (Fig. 3). In

Table Mean annual patient volumes 2013–2018, crude and per 10,000 population estimatesa

Province Level I Level II Level III

Crude numbers

BC 591 (494–688; 2) 238 (198–315; 3) 94 (53–150; 5)

AB 823 (708–939; 2) 430 (1) 77 (35–128; 5)

QC 596 (575–613; 3) 148 (92–224; 5) 35 (10–79; 21)

NB 127 (1) 89 (1) -

NS 395 (1) - 10 (2–32; 8)

ONb 593 (583–603; 2) 224 (1) -

Per 10,000 populationa

BC 11.9 (9.9–13.8) 4.8 (4.0–6.3) 1.9 (1.1–3.0)

AB 19.2 (16.5–21.9) 10.0 1.8 (0.8–3.0)

QC 7.1 (6.9–7.3) 1.8 (1.1–2.7) 0.4 (0.1–0.9)

NB 16.5 11.6 -

NS 41.4 - 1.0 (0.2–3.4)

ONb 4.2 (4.1–4.2) 1.6 -

Data reflect mean number of patients (min–max; number of centres)
aStatistics Canada quarterly population estimates for Q2, 2017 (available from URL: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=

1710000901&cubeTimeFrame.startMonth=04&cubeTimeFrame.startYear=2018&cubeTimeFrame.endMonth=04&cubeTimeFrame.endYear=

2018&referencePeriods=20180401%2C20180401; accessed April 2023)
bON data are not based on all trauma centres

AB = Alberta; BC = British Columbia; NB = New Brunswick; NS = Nova Scotia; ON, Ontario; QC = Quebec
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level I centres, around one out of four patients were

admitted to the ICU in BC (24.5% [95% CI; 24.2 to 26.8]),

AB (23.4% [95% CI; 22.2 to 24.5]) and NS (23.5% [95%

CI; 21.5 to 25.7]), two out of five in QC (36.6% [95% CI;

35.2 to 38.1]), and two out of three in NB (63.3% [95% CI;

59.1 to 67.0]). A similar pattern was seen in level II and

level III centres (Fig. 3) and when we stratified by injury

type and age (ESM eFigs 3a–e). Nevertheless, patients with

SCI managed in a level I TC in AB had a significantly

higher ICU admission incidence than the global mean

(54.0% [95% CI; 32.8 to 42.3]; ESM eFig. 3c). Variations

in ICU admission were greater between provinces than

within (ESM eFig. 3f).

HOSPITAL LENGTH OF STAY

Little variation in hospital LOS was observed between

provinces for level I or II TCs after risk-adjustment but

LOS (in days) was higher than the global median in BC for

level I TCs (9.8 [95% CI; 9.2 to 10.4]) and lower in QC for

both levels (8.4 [95% CI; 7.8 to 9.0] for level I and 7.0

[95% CI; 6.4 to 7.8] for level II; Fig. 4). Greater provincial

variation was observed for level III centres; median LOS

varied from 3.4 days [95% CI; 2.4 to 4.6] in AB to 7.2 days

[95% CI; 5.2 to 9.8] in NS. Similar patterns were observed

when we stratified by injury type and age except for SCI

patients for whom risk-adjusted median LOS was highest

in AB in level I centres (23.0 [95% CI; 19.0 to 27.8]; ESM

eFigs 4a–f). Interhospital variation in risk-adjusted median

LOS varied less within provinces than between provinces

(ESM eFig. 4g).

INTENSIVE CARE UNIT LENGTH OF STAY

Risk-adjusted median ICU LOS varied from 3.4 days (95%

CI; 2.6 to 4.2) for NB to 6.4 days (95% CI; 5.0 to 8.2) for

AB in level I centres and from 3.2 days (95% CI; 2.6 to

4.0) in QC to 5.4 days (95% CI; 4.2 to 6.8) in AB for level

II centres (Fig. 5). Patterns were similar for all subcohorts

(ESM eFigs 5a–e). Again, less variation was observed

between than within provinces (ESM eFig. 5f).

Sensitivity analyses

Outcome comparisons restricted to observations with no

missing data led to the same provincial outliers. Similarly,

mortality comparisons restricted to 30 days and excluding

Fig. 2 Risk-adjusted mortality and 95% confidence intervals by trauma centre designation level and province, all patients.

AB = Alberta; BC = British Columbia; CI = 95% confidence interval; QC = Quebec; NB = New Brunswick; NS = Nova Scotia;

ON = Ontario

123
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patients aged C 85 yr did not lead to any significant change

in results.

Discussion

In this national historical cohort study, we observed

significant differences in the distribution of major trauma

patients across Canadian provinces, particularly for level

III centres. We observed little variation in risk-adjusted

mortality and hospital LOS in level I and II centres but

significant variation for level III centres. Finally, we

observed significant interprovincial and interhospital

variation in propensity to admit to the ICU and ICU LOS

for all levels of care.

Significant variations in patient case mix and volumes

for level III centres suggest that the functional roles of

these centres differ across provinces, despite similar

recommended roles provided by accreditation

organizations.1,3,20 Level III centres in BC and AB are

fewer and have higher patient volumes than QC and NS,

which may increase the concentration of expertise and

resources but does reduce geographical coverage. Level III

centres in QC and NS admit more elderly, lower acuity (but

still major trauma) patients. These results may reflect

undertriage of older adults to level I–II TCs in QC and NS

(retention in level III centres) or undertriage to designated

TCs in BC and AB (retention in nondesignated hospitals).

Population-based data will be required to verify these

hypotheses. Other studies have shown that elderly patients

with major trauma are less likely to be treated in TCs21,22

and in level I–II TCs21,23,24 than their younger

counterparts.21,22 Results may also reflect differences in

patient/family–physician-shared decision-making leading

to a preference to treat elderly frail patients close to their

home and to use less invasive management. The

stable proportion of patients with TBI or multisystem

injuries treated in level I/II centres suggests little variation

in the triage of these patient cohorts across provinces.

Differences in the orientation of patients with severe

orthopedic injury is likely a reflection of the difficulty

establishing clear guidelines on which orthopedic patients

should be transferred.25

Interprovincial differences in mortality across Canadian

level I and II TCs were previously described for

2006–2012 injury admissions26 and are consistent with

Fig. 3 Risk-adjusted intensive care unit admission and 95% confidence intervals by designation level and province, all patients.

AB = Alberta; BC = British Columbia; CI = 95% confidence interval; ICU = intensive care unit; QC = Quebec; NB = New Brunswick;

NS = Nova Scotia; ON = Ontario
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our observations in this 2013–2017 study.27,28 Our data

also suggest that variations in mortality across level III

centres, which were not previously documented, are much

greater. The lower mortality observed in level III centres in

AB and BC compared with NS and QC could be explained

by the lack of comparability between patient cohorts

treated in level III centres across the country, even after

adjustment for risk factors. Differences could also be partly

explained by the higher patient volume in level III centres

in AB and BC, which leads to higher concentration of

expertise and resources. The association between higher

volume and better trauma outcomes has been suggested in

some previous studies29,30 but was not confirmed by

others.31–33

Differences in risk-adjusted ICU admission incidences

suggest a lower threshold to admit to the ICU in QC and

NB than other provinces and significant interhospital

variation. New Brunswick and QC also had the shortest

ICU LOS among level I centres, supporting this hypothesis.

These results may be explained by variations in policies

regarding the use of ICU beds depending on surge capacity,

availability of step-down units, and definitions of an ICU

bed.34 Significant variations in ICU resources across

Canada in relation to population density have previously

been reported.35 Variations in ICU admission within and

across provinces have also been observed for other

diagnostic groups36,37 and for blunt splenic injury in the

USA.38 The impact of the lack of standardization of ICU

bed attribution on service organization and patient care has

been highlighted during the COVID-19 pandemic.39

Similarly, differences in risk-adjusted ICU LOS may

reflect system issues whether that be difficulty

transferring patients out of the ICU or pressure to release

them too early.

Strengths and limitations

This study was based on the largest aggregation of

Canadian injury data since the dissolution of the

Canadian National Trauma Registry in 2014. It is also

the first study to include data from level II and level III

centres from multiple provinces.

Several limitations should be considered when

interpreting the results. First, despite robust adjustment

Fig. 4 Risk-adjusted hospital length of stay and 95% confidence intervals by designation level and province, all patients.

AB = Alberta; BC = British Columbia; CI = 95% confidence interval; QC = Quebec; LOS = hospital length of stay; NB = New Brunswick;

NS = Nova Scotia; ON = Ontario
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for age,40 the lack of adjustment for comorbidities

(considered to be subject to too much interprovincial

coding variation) likely led to confounding, particularly for

level III centres. Residual confounding may also have been

caused by lack of information on other risk factors (e.g.,

pupillary reaction and hypotension for TBI admissions) or

by differential capture of included confounders (e.g., GCS).

Nevertheless, in our preparatory analyses, we found

variable definitions to be similar across provinces.

Second, this study does not account for prehospital deaths

or patients treated in nondesignated hospitals. While

coverage of major trauma in trauma registries has been

shown to be high for patients aged B 65 yr, it is as low as

70% for older adults in QC21 and probably lower in other

provinces. Again, this is likely to have led to selection bias

in interprovincial comparisons for level III centres and in

older adults. Furthermore, we did not have data from all

designated level I–III centres from ON or NB. This

prevented us from including NB in level III centre

comparisons and from making meaningful comparisons

with ON, the most populous province in Canada. We also

had no data on trauma admissions from provinces without

trauma systems (i.e., Saskatchewan, Newfoundland &

Labrador, Prince Edward Island) or territories. Lastly, low

volumes in some provinces, particularly for subgroups, led

to imprecise estimates, shown by wide CIs.

Conclusions and recommendations

In this national historical cohort study of Canadian major

trauma patients, we observed significant variations in

patient distributions and risk-adjusted outcomes that lead to

four recommendations for future research and quality

improvement. First, work should be done to describe the

functional roles of level I, II, and III TCs across provinces.

This could be used to develop system-based accreditation

criteria that account for the role of each centre within the

system and contextual factors (e.g., geography, population

density, patient case mix, health system structure). These

may be more appropriate than one-size-fits-all, site-specific

criteria. Second, we need to identify optimal care pathways

for elderly trauma patients that account for their

multidisciplinary clinical needs and can be adapted to

patient and family priorities. Third, results suggest a need

to assess the comparative effectiveness of restrictive versus

liberal ICU admission strategies to inform evidenced-based

guidelines for ICU admission across Canada. Fourth,

results suggest that TC benchmarking should be

conducted at a system level to provide meaningful data

for quality improvement activities. This study underscores

the limitations of current trauma data collection and

reporting for national comparisons and shows the need

for sharable, standardized, population-based injury data

Fig. 5 Risk-adjusted intensive care unit length of stay and 95% confidence intervals by designation level and province, all patients.

AB = Alberta; BC = British Columbia; CI = 95% confidence interval; ICU = intensive care unit; LOS = hospital length of stay;

QC = Quebec; NB = New Brunswick; NS = Nova Scotia; ON = Ontario
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across Canada to support national quality improvement

efforts.
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