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Introduction: Since the introduction of a regionalized trauma system in Quebec in 1993, patient loads
at level I trauma centres have been increasing gradually. We aimed to investigate the type of patient pre-
senting to 4 tertiary trauma centres in Quebec, the nature of their injuries and whether there was a need
to modify triage protocols. Methods: The study consisted of a review of major trauma patients entered
into a regional trauma registry between Apr. 7, 1993, and Mar. 31, 2000. A total of 29 669 patients
fulfilled the eligibility criteria. We compared patient demographics, injury type and severity and mecha-
nism of injury. Results: During the 7 years of the study, there was an increase in the volume and pre-
sentation of patients injured in falls (p < 0.01), patients with extremity injuries (p < 0.01), single injuries
(p < 0.01) and injuries to single body regions (p < 0.01). Young patients were mostly injured in motor
vehicle collisions and had multiple injuries of high severity whereas elderly patients were mostly injured
in falls and experienced isolated extremity injuries of low severity. Conclusions: The proportion of el-
derly patients injured in falls, experiencing isolated extremity injuries of low severity and being treated at
tertiary trauma centres in Quebec is overwhelmingly high. Revision of pre-hospital triage protocols
should be considered and studied in order to transport trauma patients to appropriate facilities.

Introduction : Depuis l’implantation d’un système régionalisé de traumatologie au Québec en 1993, la
charge de patients aux centres de traumatologie de niveau I a augmenté progressivement. Nous
voulions étudier le type de patients qui se présentent à quatre centres tertiaires de traumatologie du
Québec, la nature de leurs traumatismes, et déterminer s’il faudrait modifier les protocoles de triage.
Méthodes : L’étude a consisté en une analyse des cas de grands traumatisés inscrits dans un registre ré-
gional de traumatologie entre le 7 avril 1993 et le 31 mars 2000. Au total, 29 669 patients satisfaisaient
aux critères d’admissibilité. Nous avons comparé les caractéristiques démographiques des patients, le
type de traumatisme, sa gravité et le mécanisme traumatisant. Résultats : Au cours des sept années
visées par l’étude, le volume et le nombre de références de patients ayant subi un traumatisme à la suite
d’une chute (p < 0,01), une blessure aux membres (p < 0,01), un seul traumatisme (p < 0,01) et des
traumatismes à une seule région du corps, (p < 0,01) ont augmenté. Les jeunes patients ont été blessés
principalement dans des accidents de véhicule automobile et ont subi des traumatismes multiples très
graves, tandis que les patients âgés s’étaient blessés principalement à la suite d’une chute et ont subi des
traumatismes isolés et moins graves aux membres. Conclusions : La proportion des patients âgés qui
subissent une blessure à la suite d’une chute, subissent une blessure isolée et moins grave des membres
et sont traités aux centres tertiaires de traumatologie du Québec est excessivement élevée. Il faudrait en-
visager de réviser les protocoles de triage préhospitalier et les étudier afin de transporter les patients
traumatisés vers les établissements appropriés.
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Tertiary trauma centres aim to
provide comprehensive multi-

disciplinary care to the severely in-
jured trauma patient. As a conse-
quence of the large amount of
specialized in-house staff and spe-
cialty equipment required at tertiary
trauma centres as well as overcrowd-
ing, costs are high and beds are in
great demand. Regionalization of
trauma care has been shown to de-
crease the death rate after trauma,1–4

and the “trauma centre” approach to
the care of the injured patient has
been widely accepted as being supe-
rior to the treatment of severely in-
jured patients at the closest hospital.

Regionalization of trauma care
was initiated in Quebec in 1993 to
improve quality of care and decrease
morbidity and mortality. Since then,
the volume of patients transported to
tertiary trauma centres has been ris-
ing steadily. We undertook this study
to find the causes of increased pa-
tient loads at tertiary trauma centres
in Quebec and to study the demo-
graphics of these patients with the
intention of identifying ways to im-
prove the efficiency of our trauma
program.

Methods

This retrospective study comprised
patients entered in the Quebec
Trauma Registry from the 4 provin-
cial tertiary trauma centres (Montreal
General Hospital, Hôpital Sacré-
Coeur, Hôpital Charles-Lemoyne and

Hôpital Enfant-Jésus) between Apr.
7, 1993, and Mar. 31, 2000. All data
were prospectively collected at the ter-
tiary trauma centres, then entered into
the registry by designated trauma reg-
istry personnel. These hospitals are
compatible with the American Col-
lege of Surgeons (ACS) criteria for
level I trauma centres and have been
accredited by the Trauma Association
of Canada as tertiary trauma centres.

Inclusion criteria for severely in-
jured patients were as follows: death
after arrival at hospital; admission
with hospital stay longer than 3 days;
or admission with surgery or inten-
sive care unit stay. The calendar year
Jan. 1 to Dec. 31 was used to define
the year.

Patients were identified from
emergency room records on the basis
of ICD-9 E-codes, which indicate
external cause of injury or any evi-
dence of injury. Patients admitted to
hospital for treatment of burns, as-
phyxiation, drowning and poisoning
were excluded. All records were sub-
jected to routine edit checks. No at-
tempt was made to substitute miss-
ing values for any data elements. The
Injury Severity Score (ISS) was calcu-
lated from patient admission vari-
ables prospectively entered into the
database. Patients with a mechanism
of injury consistent with a fall were
included in the study regardless of
the height from which the patient
fell, as long as the patient fulfilled the
inclusion criteria.

Quebec Trauma Registry software

developed in Paradox for Windows
was used to collect the data and the
SPSS, version 11 for Windows, was
used to analyze the findings. Differ-
ences between groups were evaluated
for statistical significance with the ap-
propriate bivariate tests including the
χ2 test and ANOVA for categorical
and continuous variables respectively.
Because of the large sample size, the
significance level was set at 0.01 to
prevent overpowered analysis from
highlighting nonclinically significant
differences between groups.

Results

Between Apr. 1, 1993, and Mar.
31, 2000, there were 29 669 patients
who fulfilled the eligibility criteria for
inclusion in the study (Table 1).
During the earlier years of the study,
compliance with trauma registry pa-
tient entry was low, so the numbers
of patients included for these years
are smaller than those included in
later years. The number of patients
in the year 2000 is low because only
3 months were included (January–
March inclusive).

The mean age of the patients in
this study was 47.4 years (range from
46–49 yr) (Table 2). The largest por-
tion of patients were younger than 25
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Table 1

Gender of Patients Treated at Level I Trauma Centres in Quebec During the Years
1993 to 2000*

Study year Patients, no. Male, no. (and %) Female, no. (and %)

1993 1367   855 (62.5)   512 (37.4)

1994 3313 2115 (63.8) 1198 (36.2)

1995 3875 2428 (62.6) 1447 (37.3)

1996 4206 2542 (60.2) 1682 (39.8)

1997 5155 3083 (59.8) 2072 (40.2)

1998 5918 3583 (60.5) 2334 (39.4)

1999 5038 3009 (60.0) 2010 (40.0)

2000   797   470 (59.0)   327 (41.0)

*Numbers may not total correctly in some cases because of missing data in the registry. No attempt was made to substitute
missing values here or in any of the other tables.

Table 2

Demographic Data for Patients
Treated at Level I Trauma Centres in
Quebec Between 1993 and 2000*

Demographic
factor Patients, no. (and %)*

Gender
  Male 18 067 (60.9)

  Female 11 582 (39.1)

Mean age, yr 47.4

Age group
  0–25   6 507 (22.3)

  26–35   4 348 (14.9)

  36–45   4 141 (14.2)

  46–55   3 422 (11.7)

  56–65 2 693 (9.2)

  66–75   3 084 (10.6)

  76–85   3 187 (10.9)

  > 85 1 743 (6.0)

*Unless otherwise indicated.



years of age and the majority were
younger than 45 years. The gender
distribution by year is outlined in
Table 1; 60.9% of patients were male.
The median ISS remained constant at
9.0 for the study period. The mean
ISS increased slightly but not signifi-
cantly (Table 3).

Of the 29 669 patients treated at
tertiary trauma centres in Quebec
over study period, 28 406 (95.7%)
were discharged from hospital. The
discharge status among survivors is
outlined in Fig. 1. Survival rates by
year are shown in Table 3.

In regard to the mechanism of in-
jury, falls were the commonest mech-
anism (49.2%), followed by motor
vehicle collisions (MVCs) (27.3%)
(Table 4). Fig. 2 demonstrates the in-
creasing number of patients admitted
for the treatment of falls, which was
significant (p < 0.01). 

The 29 669 patients included in

this study sustained over 75 000 in-
juries, and 45.3% of patients had in-
jury to an extremity (Table 5). Fig. 3
shows the number of body regions
injured by year. Note the increasing
number of extremity injuries treated
at tertiary trauma centres since 1993
(410 in 1993, 3116 in 1998 and
2378 in 1999 [p < 0.01]).

Table 6 shows the number of in-
juries experienced per patient and
Table 7 the number of body 
regions injured per patient. Single 
injuries accounted for the highest 
proportion (36.0%), followed by 2 to
3 injuries (30.5%). Fig. 4 and Fig. 5
describe the number of injuries sus-
tained and the number of body re-
gions injured by year respectively.
Significantly more patients sustained
single injuries (p < 0.01) and injuries
to isolated body regions (p < 0.01)
during the later years of the study.

The number of injuries sustained

by each patient according to the
mechanism of injury is described in
Table 8. Those sustaining falls made
up the majority of patients with 
single injuries (69.8%) and those in-
volved in MVCs sustained the largest
proportion of multiple injuries (≥ 6,
63.5%). Fig. 6 outlines the propor-
tion of patients with each mechanism
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Table 3

Injury Severity Score (ISS) and Survival by Year for Patients Treated at Level I Trauma Centres in Quebec During the Study
Period (Apr. 1,1993–Mar. 31, 2000)

Year

ISS/survival 1993 1994 1995 1996 1997 1998 1999 2000

ISS
  Mean 9.98 10.62 11.12 11.96 10.99 10.85 11.58 9.93

  Median 9.00   9.00   9.00   9.00   9.00   9.00   9.00 9.00

  Mode 8.88   9.62   9.94 10.71 10.12   9.71   9.87 9.15

Survival, no. (and %)
  Alive 1325 (96.9) 3204 (96.7) 3702 (95.5) 3991 (94.9) 4913 (95.3) 5659 (95.6) 4838 (96.0) 774 (97.1)

  Dead   42 (3.1) 109 (3.3) 173 (4.5) 215 (5.1) 242 (4.7) 259 (4.4) 200 (4.0) 23 (2.9)

Nursing home
(1%)

(1%) (8%)

Long-term care
hospital Home with help

Home without help
(57%)

Rehabilitation
centre
(15%)

Other
(18%)

FIG. 1. Discharge status among the 28 406 study trauma pa-
tients surviving to discharge.

Table 4

Mechanism of Injury in Patients
Treated at Level I Trauma Centres
in Quebec During the Study Period*

Mechanism of injury
Patients, no.

(and %)

Motor vehicle collision   7 727 (27.3)

Fall 13 927 (49.2)

Firearm   408 (1.4)

Stabbing   529 (1.9)

Blunt object 2 448 (8.6)

Sharp object
(nonintentional)

1 261 (4.4)

Other (and unknown) 1 995 (7.0)
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FIG. 2. Number of fall injuries treated at tertiary trauma centres
in Quebec by year. Increase in number of falls from one year
to the next was significant (p < 0.01).



of injury according to the total num-
ber of injuries experienced by each
patient. With the progression from
single injury to 6 or more injuries per
patient, the number of patients expe-
riencing falls decreased from 7042
patients to 1197 patients (p < 0.01)
and the number of patients injured
in MVCs rose from 785 patients to
3600 (p < 0.01).

Fig. 7 shows the proportion of pa-
tients with each mechanism of injury
according to age category. Falls were
prevalent in the geriatric age group
(93.8% of patients over age 85 yr),
and the percentage of falls as a cause
of trauma increased significantly with
advancing age (p < 0.01). Injuries
from MVCs were more prevalent

than other mechanisms of injury in
younger age groups, with 40.9% of
injuries in patients younger than 25
years being due to MVCs. Analysis
of the ISS according to the mecha-
nism of injury for trauma patients
(Fig. 8) revealed that the proportion
of MVCs was directly proportional
to injury severity and the proportion
of falls as a cause of trauma was in-
versely related to injury severity.

Discussion

Between 1992 and 1995, 147
million injury-related visits were
made to emergency departments in
the United States. Twenty-four per-
cent of the visits were due to falls,
making them the principal cause of
external injury.5 Patients injured in
falls are more often elderly and re-
quire longer hospital stays than
younger patients.6,7 These patients
also have been reported to have
lower death rates because of lower
injury severity.2 However, many
studies have shown a correlation be-
tween high death rates in geriatric
patients and comorbid conditions as
well as in-hospital complications.7–10

Surgical and emergency room
costs in trauma centres are primarily
related to the length of patient stay.11

Geriatric patients experiencing trau-
matic injury have an increased length
of hospital stay and hence increased
direct health care utilization,7,10,12,13

likely due to increased rehabilitation
needs and waiting time for convales-
cence placement.7 The increasing
numbers of patients treated for iso-
lated orthopedic injuries after falls at
tertiary trauma centres in Quebec is
important in terms of both allocation
of resources and quality of care. In
most cases, falls associated with older
age involve single injuries to extremi-
ties14 as well as low ISSs, as demon-
strated in this study. The majority of
these injuries are isolated long bone
or pelvic fractures, requiring the care
of an orthopedic surgeon and not a
level I trauma centre with specialized
general surgeons, neurosurgeons,
nursing and intensive care resources.
Finelli and associates10 showed that
mortality in geriatric patients in-
creases with age for all injuries, with
the exception of falls.10

Forty-five percent of patients
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Table 5

Body Regions Injured in Patients
Treated at Level I Trauma Centres
in Quebec During the Study Period

Body region

Patients,
no. (and %)
n = 46 014*

Head, neck, spine   9 337 (20.3)

Face   6 992 (15.2)

Thorax   5 172 (11.2)

Abdomen 3 662 (8.0)

Extremity 20 851 (45.3)

*Many patients had multiple injuries to a single body
region as well as injury to several body regions.

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

1993 1994 1995 1996 1997 1998 1999

Year

In
ju

rie
s,

 n
o.

Head, neck, spine

Face

Thorax

Abdomen

Extremity

FIG. 3. Body regions injured by year. Increasing numbers of extremity injuries were
significant (p < 0.01).

Table 6

Number of Injuries per Patient for
Patients Treated at Level I Trauma
Centres in Quebec During the
Study

No. of injuries Patients, no. (and %)

1         10 084 (36.0)

2–3           8 547 (30.5)

4–5           3 691 (13.2)

≥ 6           5 671 (20.2)

Total         27 993 (99.9)*

*Percentage does not total 100.0 because of rounding.

Table 7

Number of Body Regions Injured
per Patient for Patients Treated
at Level I Trauma Centres
in Quebec During the Study

No. of body
regions Patients, no. (and %)

1           10 236 (36.5)

2–3             8 517 (30.4)

≥ 4             9 296 (33.2)

Total           28 040 (100.1)*

*Percentage does not total 100.0 because of rounding.



treated at tertiary trauma centres in
Quebec had injuries to the extremi-
ties. This is consistent with the
prevalence of injuries due to falls and
the age profile of this cohort. The
proportion of patients having iso-
lated injuries increased significantly
during the last 2 years (p = 0.001) of
the study. There were comparable
decreases in the proportion of pa-
tients having multiple injuries. This
important observation is consistent
with the increase in the proportion
of patients injured in falls. Similar
observations were made for the num-
ber of body regions injured, raising
concern that patients with injuries 
of moderate severity and single-
body-region injuries are being
treated at tertiary trauma centres,
when they could have been managed
in secondary centres or other acute
care hospitals.

The ISS profile of the patients
treated in tertiary trauma centres in
Quebec was somewhat lower than
expected, likely owing to the in-
creased number and proportion of
fall-injury patients treated at these
centres. The majority of these
(69.8%) had only one injury, and, as
expected, were significantly older
than for other mechanisms of injury.
The majority of patients (56%) with
ISSs of less than 12 (low injury sever-
ity) had falls as their mechanism of
injury.

The numbers of trauma patients
treated at tertiary trauma centres in
Quebec decreased in 1999, after a
sustained yearly increase over the
preceding years. We have no single
explanation for this phenomenon;
however, this may be the result of
improved triage and transfer proto-
cols as well as adherence to changes
made in the prehospital protocols in
Quebec during the later years of the
study.

One of the major limitations of
this study is the inability to distin-
guish patients transported directly to
level I trauma centres from those
transferred to level I centres from
lower-level centres. This knowledge

is important, particularly with respect
to patients with isolated extremity in-
juries. This could be because of an
inability or unwillingness of surgeons
to treat these patients at level II and
III centres. However, as a regional-
ized trauma system matures, increas-
ing proportions of patients are trans-
ported directly to tertiary centres. In
Quebec, the proportion of patients
transported directly from the scene
to a tertiary centre has increased 
consistently and significantly from

56% in 1993 to 73% in 2000.
The geriatric patient who suffers

any injury is at increased risk of mor-
tality and requires prompt specialized
care because of lower physiologic 
reserves and a decreased ability to 
handle physiologic stress. Patients 
injured in falls tend to be older and
have fewer and less severe injuries.
However, because of comorbid con-
ditions, the risk of complications and
mortality is high in this population.
These patients consume a significant
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FIG. 4. Number of injuries per patient by year. Increase in single-region injuries was
significant (p < 0.01).
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FIG. 5. Number of body regions injured per patient by year. Increase in number of
patients with injuries to single-body regions was significant (p < 0.01).



proportion of the resources available
at tertiary trauma centres because
they need specialized care, rehabilita-
tion and have a longer hospital
stay.7,10,12,13,15,16 The issue is whether
these patients require treatment at a
tertiary trauma centre or a secondary
or less specialized one.

In a study by Oreskovich and col-
leagues,16 only 7 of 100 consecutive
trauma patients over 70 years of age
were independent for their activities
of daily living at 1 year after injury,
compared with 96 before their
trauma. Seventeen (20%) of these pa-
tients required home assistance after
discharge from hospital, and 61 pa-
tients (72%) required full nursing
home care. The low functional out-
come for elderly patients admitted to
trauma centres contributes to the in-
creased length of stay while they
await beds in rehabilitation centres
and nursing homes and consequently
inappropriate use of acute care beds
in tertiary trauma centres.

In Quebec, prehospital trauma
triage protocols are based on the
American College of Surgeons
Triage Decision Scheme. However,
no medical control is available for
decision-making at the scene. In
Montréal, there are a small number
of physicians who can be dispatched
to trauma patients based on severity
and availability. These physicians may
aid in triage decisions. In spite of
this, triage is extremely operator-
dependent, and the ambulance tech-
nicians are instructed to overtriage
patients in order to reduce false-
negative rates.

In view of the higher require-
ments in our study population for
specialized geriatric care, longer hos-
pital stay and prevalence of pre-exist-
ing chronic comorbid conditions,
the resource allocation of a tertiary
trauma centre for the post-acute-care
management of these patients may
be counter cost-effective. Trauma
care at tertiary trauma centres would
be more efficient, and the multiple
resources that constitute a regional
trauma program would be best used
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Table 8

Number of Injuries per Patient According to Mechanism of Injury

No. of injuries/patient; no. (and %) of patients

Mechanism 1 2–3 4–5 ≥ 6

Motor vehicle collision   785 (7.8) 1 782 (20.8) 1 580 (42.8) 3 600 (63.5)

Fall  7 042 (69.8) 4 434 (51.9) 1 220 (33.1) 1 197 (21.1)

Firearm     63 (0.6)        149 (1.7)   84 (2.3)  120 (2.1)

Stabbing   178 (1.8)        209 (2.4)   71 (1.9)    70 (1.2)

Blunt object   802 (8.0)    860 (10.1) 367 (9.9)  411 (7.2)

Sharp object
(nonintentional)

  327 (3.2)  640 (7.5) 220 (6.0)    79 (1.4)

Other (and unknown)   887 (8.8) 473 (5.5) 149 (4.0) 194 (3.4)

Total 10 084 (100.0) 8 547 (99.9)* 3 691 (100.0)  5 671 (99.9)*

*Percentage does not total 100.0 because of rounding.
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FIG. 6. Mechanism of injury as a percentage of the total according to the patient’s
number of injuries. MVC = motor vehicle collision.
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if hemodynamically stable patients
with isolated orthopedic injuries of
low injury severity could be treated
at secondary centres or at secondary
centres specializing in the care of the
elderly. At this point, a more exten-
sive analysis of the geriatric popula-
tion is warranted to verify if these 
patients could be treated without the
multidisciplinary resources of a ter-
tiary trauma centre while ensuring an
adequate level of care.

Conclusions

This study demonstrates an over-
whelming high volume and propor-
tion of elderly patients injured in
falls, having isolated extremity and
low-severity injuries being treated at
tertiary trauma centres in Quebec.
These patients require specialized
geriatric care in addition to the acute
care for the management of their in-

juries. Further studies are required to
verify whether such patients who are
hemodynamically and neurologically
stable and have no associated injuries
could be appropriately managed at
secondary centres. Prehospital triage
protocols need to be adjusted to
have injured patients sent to appro-
priate centres. 
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