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Abstract

Background: Brain injury is an important health concern, yet there are few popula-
tion-based analyses on which to base prevention initiatives. This study aimed,
first, to calculate rates of potential brain injury within a defined Canadian popu-
lation and, second, to describe the external causes, natures and disposition from
the emergency department of these injuries.

Methods: We studied all cases of blunt head injury that resulted in a visit to an
emergency department for all residents of Greater Kingston during 1998. We
used data from the Canadian Hospitals Injury Reporting and Prevention Program
(CHIRPP) and augmented this by examining all records of emergency or inpa-
tient care received at all hospitals in the area.

Results: In 202 (27%) of 760 cases of head injury, there was potential for brain in-
jury. Annual rates of potential brain injury were 16 and 7 per 10 000 population
for males and females respectively. CT was performed on 114 (56%) of 202
cases, of which 60 (53%) demonstrated an intracranial pathology, with 11
(10%) showing a diffuse axonal injury pattern on the initial scan. Falls from
heights accounted for 14 (47%) of 30 injuries observed in children aged
0–9 years. Individuals aged 10–44 years sustained 32 (63%) of 51 motor vehicle
injuries, 15 (88%) of 17 bicycle injuries, 22 (100%) of 22 sports injuries and 8
(89%) of 9 fight-related injuries. Falls accounted for 15 (71%) of 21 injuries
among adults aged 65 years or more.

Interpretation: The results indicate the relative importance of several external
causes of injury. The findings from our geographically distinct population are
useful in establishing rational priorities for the prevention of brain injury.

Blunt head injury is a leading cause of death1 and disability;2 it can affect the
activities of daily life3 and the risk of readmission to hospital4 and subse-
quent death,5 and it can lead to ongoing neuropsychological deficits.6 About

18 000 patients are admitted to hospital with brain injuries in Canada annually,7

leading (by extrapolation) to at least $1 billion in societal costs. In the United
States, 1.5 million people sustain a head injury annually,8 resulting in 50 000
deaths,9 80 000 disabling injuries,2 US$346 million in emergency care costs10 and
US$54 billion in associated hospital care costs.11 Rehabilitative therapies are often
lengthy and costly.12

The published incidence rates of blunt head injury in emergency department
settings range from 1801 to 44410 per 100 000 population, with an overall male bias
and a peak incidence in those aged 15–24 years.1 A disproportionate number of se-
vere head injuries result from traffic-related accidents in this age group,13 whereas
falls account for larger percentages of head injuries among young children and el-
derly adults.13 In terms of the acute prognosis, head injuries are typically classified
as “minimal,” that is, with no loss of consciousness, amnesia or disorientation, or, in
the presence of one of those clinical signs, “minor” (Glasgow Coma Scale [GCS]14

score 13–15), “moderate” (GCS 8–12) or “severe” (GCS < 8) head injuries.15

The modern scientific literature contains few Canadian studies of blunt head in-
jury and none that describe the experiences of a geographically isolated population.
Our own research setting in Kingston, Ont., is a population-based site of the Cana-
dian Hospitals Injury Reporting and Prevention Program (CHIRPP).16 In this con-
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text, we conducted a study of potential brain injuries for a
geographically distinct Canadian population. Our objec-
tives were, first, to calculate rates of blunt head trauma and,
thus, potential brain injuries within our defined population
and, second, to describe the external causes, natures and
disposition from the emergency department of these po-
tential brain injuries.

Methods

Kingston has participated in the national CHIRPP program
since 1993. Its hospital-based emergency departments serve a
population of 176 000, with a 65:35 urban:rural split. The
Kingston site is unique in the CHIRPP program because of its
complete community coverage. It was possible to crossreference
the CHIRPP database and a separate hospital encounter database
to identify all head injuries experienced by the Kingston popula-
tion presenting for emergency medical care.

Computerized injury records were identified for 1998 from the
CHIRPP surveillance system and from the hospital encounter
database. The present analysis focused on blunt head trauma with
the potential for intracranial involvement. Case identification in-
volved the following 2-stage process.

Stage 1

Injuries with the following CHIRPP codes were included:
“minor head injury,” “concussion,” “intracranial injury,” “skull
fracture” and “multiple injury with associated head injuries.”
Records from the hospital encounter database that included diag-
noses of “skull fracture” or “intracranial injury” were added if they
had not been identified by CHIRPP. Patients with injuries to the
eyes, facial fractures, dental injuries or isolated facial lacerations
were excluded, as were patients whose residence was outside the
hospital catchment area. Additional descriptive information was
available from 2 sources: from an ongoing investigation of minor
head injuries (the Canadian CT Head Study15) for 219 cases and
from hospital separation records for 81 admissions.

Stage 2

The case series was further separated into 2 categories: poten-
tial brain injuries (of at least “minor” severity) and “minimal”
head injuries. The following were considered to be potential brain
injuries: blunt head trauma resulting in a witnessed loss of con-
sciousness, amnesia or disorientation;15 skull fracture; head injury
for which the patient was admitted to hospital; and intracranial in-
jury recorded on the CHIRPP record. Penetrating wounds were
excluded because of their relative scarcity and disparate external
causes.

Counts and annual rates per 10 000 population of head injury
were calculated by age group and sex. Potential brain injuries were
further described by age group, ICD-9 codes for classifying exter-
nal causes of injury (E codes),17 diagnosis, activity and treatment.

Results

Overall, males experienced a rate of potential brain in-
jury (16/10 000 population per year) that was approxi-

mately twice that of females (7/10 000 population per year).
The disparity in rates between males and females was high-
est for those aged 10–19 years (Table 1).

Falls from heights accounted for 14 (47%) of the 30 in-
juries observed in children aged 0–9 years, followed by ve-
hicle-related accidents (9/30, 30%) (Table 2). People aged
10–44 years accounted for 32 (63%) of 51 motor vehicle in-
juries, 15 (88%) of 17 bicycle injuries, 22 (100%) of 22
sports injuries and 8 (89%) of 9 fight-related injuries. Falls
also accounted for 15 (71%) of 21 injuries among adults
aged 65 years and more.

The contexts in which potential brain injuries occurred
(Table 3) were consistent with the observed external
causes. For children aged 0–9 years, 10 (33%) of the 30
head injuries occurred during transportation and 8 (27%)
occurred during play. Among those aged 10–44 years,
leading contexts were transportation (43/119, 36%) and
then sports and physical recreation activities (33/119,
28%). Among the 37 cases attributed to sports injury, 14
(38%) occurred during ice skating and 11 (30%) during
ice hockey.

CT was performed for 114 (56%) of 202 cases and
showed abnormalities in 60 (53%), including brain contu-
sion with or without skull fracture (n = 23), subdural
hematoma (n = 15), epidural hematoma (n = 8), skull frac-
ture (n = 7) and subarachnoid bleeding only (n = 3). Eleven
of these cases showed diffuse axonal injury patterns on the
initial scan, which is evidence of major intracranial injury.
The remaining cases were either normal on the CT scan
(54/202, 27%), or CT was never performed (88/202,
44%). Of the 202 patients with recorded cases of head in-
jury, 90 (45%) were admitted to hospital (Table 4), and
the admission rate was highest for children aged 0–9 years
(22/30, 73%).

Table 1: Population-based rates of head injury and potential
brain injury per 10 000 in Kingston, Ont., and area, by age
and sex, 1998

Type of injury;
age group, yr

Males, no. and rate
 of injury (and 95% CI)

Females, no. and rate
 of injury (and 95% CI)

Total head injuries (n = 760)
All ages 479 55     (50–60) 281 32   (28–35)

≤ 9 130 115   (95–134) 79 72   (57–88)
10–19 141 122 (102–142) 57 52   (38–65)
20–44 146 42     (35–49) 82 24   (19–29)
45–64 37 19     (13–26) 34 18   (12–23)

≥ 65 25 25     (15–34) 27 19   (12–27)

Potential brain injuries (n = 202)
All ages 141 16     (14–19) 61 7       (5–9)

≤ 9 17 15       (8–22) 13 12     (5–18)

10–19 46 40     (28–51) 10 9     (3–15)
20–44 45 13       (9–17) 18 5       (3–8)
45–64 22 12       (7–16) 10 5       (2–8)

≥ 65 11 11       (4–17) 10 7     (3–12)

Note: CI = confidence interval.
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Interpretation

This study provides information about the external
causes, natures and demographic patterns of potential brain
injury in a defined Ontario population and about the se-
quelae of acute injury. The study shows that about 30% of
patients with blunt head injury presenting to the emer-
gency department had signs consistent with brain injury.
Of these, 56% received a CT scan, and 53% of those
scanned had evidence of a brain injury, whereas 10% had

evidence of a major intracranial injury. Leading external
causes of potential brain injury were falls from heights in
young children; motor vehicle injuries, bicycle injuries,
sports injuries and fight-related injuries in individuals aged
10–44 years; and falls (all types) in those over the age of
65 years. Males had a rate of head injuries and potential
brain injuries that was approximately twice that of females,
and both injury rates peaked in boys and young men.

Although head trauma has been recognized as a serious
health issue, there are few Canadian epidemiological stud-

Table 2: Causes of potential brain injury, by ICD-9 E code

Age group, yr; no. of patients

ICD-9 E code Description
Total

n = 202 ≤ 9 10–19 20–44 45–64 ≥ 65

E810–825 Motor vehicle injuries 51 7 14 18 9 3
  812, 815 Highway collision 8 2 1 4 1 0
  816 Loss of control, not involving

highway collision 20 0 6 8 4 2
  .6 suffix Pedal cycle collision 4 0 3 1 0 0
  820–21 Nontraffic collisions involving

recreational vehicles 9 1 2 3 2 1
  814 Collision with pedestrian 6 2 2 1 1 0

Other 4 2 0 1 1 0
E826–829 Other road vehicle accidents 16 2 10 4 0 0
  826 Pedal cycle collision 13 2 7 4 0 0
  828.2 Animal ridden 3 0 3 0 0 0
E880–888 Accidental falls 71 16 8 19 13 15
  880 Fall on or from stairs or steps 12 1 1 4 3 3
  881–884 Falls from height 25 13 2 4 3 3
  885 Falls on same level, tripping 11 2 2 3 4 0
  888 Falls of an unspecified nature 22 0 3 7 3 9

  Other 1 0 0 1 0 0
E917 Struck against or by object 32 1 17 11 3 0
  917.0 Struck in sport 22 0 16 6 0 0

  Other 10 1 1 5 3 0
E960 Unarmed fight or brawl 9 0 3 5 1 0
All other E codes 23 4 4 6 6 3

Note: ICD-9 E code = International Classification of Diseases, ninth revision (ICD-9), codes for classifying external causes of injury.17

Table 3: Contexts of potential brain injury, by CHIRPP classification code

Age group, yr; no. of patients

CHIRPP description of context
Total

n = 202 ≤ 9 10–19 20–44 45–64 ≥ 65

Transportation 66 10 23 20 11 2
Sports and physical recreation 37 0 22 11 3 1
Leisure or recreation 22 8 4 7 0 3
On duty at work 7 0 0 4 2 1
Miscellaneous household activities 4 0 0 0 2 2
Maintenance 4 0 0 1 3 0
Quarrel, aggression, fight, riot 8 0 2 5 1 0
Other events* 37 9 2 12 5 9
Missing data 17 3 3 3 5 3

Note: CHIRPP = Canadian Hospitals Injury Reporting and Prevention Program.16

*These include walking, running, crawling, sitting, standing, loss of temper and events not classified elsewhere.



ies of this issue that include population-based rates, and no
studies have comprehensively examined the full spectrum
of blunt head traumas seen at emergency departments. Ex-
isting studies have been conducted with large, but selected,
populations of children18 or adults19 only, whereas others
have examined admissions to hospital20 and rehabilitative21

services.
The increased frequency of head injuries observed in

males is consistent with the existing literature, and the peak
ratio of 4:1 of head injuries in males compared with females
seen among those aged 10–19 years was similar to that re-
ported nationally from US emergency department data.10

The male predominance is probably attributable to differ-
ential exposure to risks in certain age groups. Although
some studies have identified incidence peaks in teenagers
and young adults,13 others have reported higher rates in
children aged less than 5 years,1 which are mainly attribut-
able to falls from heights. The peak in injuries from falls
among elderly people that has been reported elsewhere,13

and is to some extent reflected in our data, is indicative of
the intrinsic risks associated with aging.

We observed that motor vehicle injuries and sports in-
juries were concentrated in young people, which has been
recorded elsewhere.20 Past research has indicated the im-
portance of contact surfaces as a predictor of the severity
of injuries,22 and ice and collisions are clearly causal envi-
ronmental risk factors in ice skating and contact sports like
ice hockey.23 Although earlier Canadian research found
that almost one-third of cases of head injury admitted to
hospital were sustained during fights,20 only 9 cases were
identified in our study, almost all of them experienced by
young men.

Because of the availability of universal health care cover-
age in Canada, the observed patterns of injury should not
be distorted by differential access to health care, and the
present analysis was based in emergency departments that
serve the trauma needs of both rural and urban popula-
tions. Our study was limited, however, in that there was no
standardized protocol for assessing patients. The lack of ex-
act information on the location and context of these in-
juries also limited our ability to recommend focused alter-
native preventive measures. Follow-up data on disability
and other long-term outcomes were also not available.
These can be substantial, because up to 40% of patients

with mild traumatic brain injuries remain impaired for at
least 1 year,11 and all individuals who survive these injuries
need clinical assessment and follow-up.

In conclusion, brain injuries represent a serious and per-
haps underappreciated clinical challenge, and these data re-
inforce the importance of the many external causes that
should be targeted for preventive measures.
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Does the only writing you get to do these days involve patients’ charts or grant applications? Here’s a chance to give your
writing muscles a different kind of workout.

We’re looking for spoofs of medical research, reflective essays on life and tales of medical adventure (or misadventure) for
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1999 and 2000. Last year, for example, we published a report on the psychiatric problems facing Winnie T. Pooh and col-
leagues.

This year, we plan to sprinkle a variety of tidbits throughout the issue, and we need
your help. Send us:
• a letter to the editor that could find a home nowhere but the Holiday Review
• a postcard from the place where you live, with an anecdote about 

your practice
• an original cartoon inspired by your medical career 
• a photograph of a day in the life of your office, hospital or clinic (you’ll

need to get signed consent from any people in the photo)
• an obscure quotation on a holiday theme
• the title of the book you would bring with you if you were admitted

to hospital, and the reason why you made this selection
• instructions on how someone in your medical specialty should

approach the task of preparing, cooking and carving the holiday
bird. The prize: the glory of publishing a winning entry in the first
(and probably only) CMAJ Talk Turkey contest.

To discuss an idea for the Holiday Review issue, contact the Editor, Dr. John Hoey (tel 800 663-7336 x2118;
john.hoey@cma.ca) or the News Editor, Pat Sullivan (800 663-7336 x2126; pat.sullivan@cma.ca). Articles should be no more
than 1200 words, and illustrations are encouraged. Submissions received by Oct. 1, 2001, are more likely to be published.
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