
Traumatic brain injury (TBI) is one of the leading causes of
death and disability in North America and as such requires
ongoing surveillance1,2. Tracking health resource utilization over
time, by age, and by gender provides valuable information
regarding the burden of TBI on health care services, including
post acute care. Furthermore, accurately identifying the rates of
TBI is critical to the planning and evaluation of prevention
efforts.

Recent reports based on hospital admission data in Canada
and the United States have documented a decrease in the number
of in-patient admissions over the last two decades3,4, particularly
for children and for incidents of “mild” TBI (mTBI). Studies that
focus on in-patient admissions, however, may be misleading in
that the decrease in numbers could reflect a shift towards treating
children and mTBI sufferers at emergency departments (EDs).
To date, there are no recent peer reviewed studies documenting
TBI-related ED visits at a population based level, in a publicly
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ORIGINALARTICLE

insured population. The lack of research in this area is relevant
because US studies have shown that 80-92% of TBI cases are
treated in EDs5,6. In order to obtain accurate estimates of the
impact and rates of TBI, ED visits must be included when
calculating rates.
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Despite “mild” TBI’s designation, patients often exhibit
physical, cognitive, and behavioural sequelae. Although patients
with mTBI can recover within the first few months after
injury7-9, many report persistent symptoms up to one year post
TBI or longer10-14. Understanding the mechanisms of injury that
include more mild cases may further inform injury prevention
efforts.

To our knowledge, only two published Canadian studies have
examined the rate of head injuries treated within EDs15,16. The
study by Pickett and colleagues15 reported rates in terms of the
causes of external injury; however, only patients from a small,
geographically distinct population in Ontario were included.
Alternatively, a report by the Canadian Institute for Health
Information16 examined head injuries across Canada, but did not
provide information regarding the causes of injury or detailed
information about rates.

The objective of the current study was to provide data on the
rates of TBI hospitalizations and overall episodes of care that
include ED visits, over a five-year period beginning in 2002,
across age and gender, from a Canadian population based
perspective. The mechanisms of injury for TBI episodes of care
were also reported. Ontario is the only province in Canada that
systematically reported ED visits for all residents to a national
database during this time period. These results will help identify
the burden of TBI on health care services by identifying the
contribution of ED visits to TBI rates, which are often based
solely on hospital admissions.

METHODS
Data Sources

Ontario is located in central Canada and is the most populous
province representing 38% of the Canadian population, or 13
million inhabitants. Ontario has a universal publicly funded
health care system. Ontario administrative hospital data are sets
of individual records that are routinely collected for the purposes
of payment and funding, and are mandated by the Ministry of
Health and Long-Term Care. The administrative healthcare
databases in Ontario allowed for selection of cases.
Hospitalization records were obtained from the Canadian
Institute for Heath Information Discharge Abstract Database
(DAD), which contains a detailed record of all acute care
hospital admissions from over 200 publicly funded hospitals in
Ontario since 196317. Each record in the dataset contains a
patient’s health card number, age, gender, postal code, date of
admission, date of discharge, most responsible diagnostic codes,
as well as secondary and tertiary diagnostic codes based on ICD-
10 codes. Several chart re-abstraction studies have been
performed on these datasets18,19. For example, a chart re-
abstraction study based on data from 1999 through 2002
indicated good agreement (75% exact agreement, kappa=0.78)
between DAD and chart coding of intracranial injury (S06)18.

Data were also obtained from the National Ambulatory Care
Resource System (NACRS) database. This database collects
information on the reasons (up to ten) for all visits to emergency
departments in Ontario, of which there are about 10 million per
year across 190 institutions. A recent re-abstraction study of
NACRS data compared with 7500 charts from 15 hospitals in
2004-05 found good agreement (95.3% at the block level, e.g.
S00-S09) in injury between NACRS and chart coding20.

Discharge Abstract Database and NACRS are separate databases
that are linked using a patient’s unique and confidential health
card number.

CASES
All ED visits and hospitalizations between April 1, 2002 and

March 31, 2007 that were assigned a TBI code were identified.
The following ICD-10 codes were used to capture TBI cases: a
fracture of the skull and facial bones [S02 (.0, .1, .3, .7, .8, .9)],
injury to the optic nerve and pathways (S04.0), intracranial
injury (S06.0-S06.9), crushing injury of the head (S07.0-S07.9),
fractures involving head with neck (T02.0), and sequelae of
injuries of the head [T90 (.1-.9)]. The Centers for Disease
Control (CDC), and other prior studies, also included other and
unspecified injuries of the head (S09.7-S09.9) and open wound
to the head (S01.0-S01.9) in their operational case definition of
TBI5,21,22 for mortality surveillance since a TBI is likely
coincident with a mortal head injury. We did not include these
codes because we wanted a more conservative definition of TBI
to capture morbidity. On the other hand, sequelae of injuries to
the head were used to capture injuries that may not have been
seen in acute care/hospitalization. We included codes
encompassing mild, moderate and severe levels of TBI severity.
In the DAD we used two inclusion criteria for TBI diagnoses: 1)
presented at the time of admission, and 2) determined to
contribute to the length of stay (i.e. excluding post-admit
diagnosis and secondary diagnoses). In NACRS we used the
main diagnosis and up to two additional secondary diagnosis
fields.

Variables
Mechanisms of injury were based on the CDC’s International

Collaborative Effort on Injury Statistics and collapsed into the
following categories: motor vehicle collisions, falls, struck by or
against an object, and other (e.g. assault (W50, Y00, Y04), self
harm, etc.)23. Further information was provided to determine
which cases were unintentional versus intentional. The number
of sports-related injuries (W210 [.0-.1, .3, .8-.9], W220 [.0-.5,
.7], W510 [.0-.5, .7]) was also highlighted.

Statistical Analyses
Two measures of TBI utilization were calculated: acute care

admissions and episodes of care. Acute care admissions were
determined using the DAD and represented only those admitted
to hospital, whether or not they visited the ED. On the other
hand, TBI episodes of care included ED visits not admitted, ED
visits with admissions, or admissions whereby a TBI code was
not captured during an ED visit. It is quite possible that many
patients admitted to hospital did not receive a TBI diagnosis
when they entered the ED. For TBI episodes of care, a scrambled
health card number was used to link acute admissions (DAD) to
ED data (NACRS) to ensure that each episode was counted only
once. Transfers from ED visits in one hospital to acute care
admissions in another hospital were excluded from analyses.

For each measure, we calculated crude annual rates by fiscal
year and age group (0–14, 15–24, 25–34, 35–44, 45-54, 55-64,
65-74, 75-84, 85 years and older) using fiscal year-specific
provincial population estimates for denominators24. A fiscal year
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encompassed TBIs that occurred from April 1st of the year
investigated to March 31st of the following year. For example,
the year 2002-2003 represents data from April 1, 2002 to March
31, 2003. We subsequently generated direct age-standardized
rates for the overall study population using the 1991 Canadian
population. Mechanisms of injury were based on analyses of
episode-level data. A Chi-square test was performed to evaluate
significant differences in mechanism of injury by gender.

RESULTS
Table 1 demonstrates TBI rates per 100,000 of the population

by age and gender for hospitalizations, while Table 2 shows TBI
rates for episodes of care. The TBI rates fluctuated over time and
consequently the results section will mainly focus on differences
in rates between age and gender.

Hospitalizations
Males had a higher rate of TBI hospitalizations than females

for all age groups investigated (Table 1). In general, younger
males (<24 years) had the highest number of TBI
hospitalizations but older adults (>75 years) had the highest rates
of TBI hospitalization. Older males (+85 years) had rates over
272.7 per 100,000 whereas older females had rates over 169.4
per 100,000 of the population; young males (15-24 years) had
rates below 70.3 per 100,000, and young females had rates below
19.7 per 100,000. Male and female children under the age of 15
showed declining rates of hospitalization over the five-year time
period. The lowest number and rates of hospitalization were in
the middle age groups.

Episodes of Care
The rates of TBI increased exponentially with the addition of

ED visits (Table 2). The greatest impact of including ED visits to
hospitalization rates was seen in the youngest age groups (<24-
years-old). For instance, the rate of hospitalization of females 15
to 24-years-old was 18.5 per 100,000 in 2006/07, and the rate of
TBI episodes of care for the same group was 164.2 per 100,000
that year. The increase in rates, however, was less apparent for
older persons. Similar to hospitalizations, children and young
adults represented the greatest number of TBI episodes. In terms
of rates, elderly persons over 75-years-old and persons under 24-
years-old made up the highest rates of TBI. Once again, the
lowest rates of TBI were in the middle age groups.

Figures 1 and 2 illustrate the difference between rates of TBI
from hospitalizations only and from hospitalizations and ED
visits combined, among males and females respectively.

Mechanism of Injury
Table 3 shows overall mechanisms of injury for TBI episodes

by gender. The last two items in the table document other
classifications of the types of injury. Falls (41.6%), struck by and
against (31.1%) and motor vehicle collisions (11.9%) were the
most commonly reported mechanisms of TBI. Significant
differences were observed between mechanism of injury and
gender (χ2 (5, N = 77414) = 2550.12, p < .0001). A greater
number of females than males had a TBI due to a fall. Males had
a larger number of TBIs caused by being struck by/against an
object. In our other category, two large groups included pedal
cycling not involving motor vehicles (n=2962, 3.5%) and other
land transport vehicles (n=3210, 3.8%). Males and females had
roughly equal numbers of TBI due to motor vehicle collisions. A
very small number of injuries were due to firearms.
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Figure 1: TBI rates of hospitalizations and episodes of care
(hospitalizations and ED visits) per 100,000 population in Ontario
between April 1st, 2006 - March 31st, 2007, by age for males.

Figure 2: TBI rates hospitalizations and episodes of care
(hospitalizations and ED visits) per 100,000 population in Ontario
between April 1st, 2006 - March 31st, 2007, by age for females.

Hospitalizations
Hospitalizations and ED Visits

Hospitalizations
Hospitalizations and ED Visits
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Unintentional injuries accounted for 89% of all TBIs. Males had
a higher percentage of intentional injuries (14%) than did
females (5.4%). A notable number of injuries were sports related
(20%) and mainly found in the “struck by” category.

DISCUSSION
The results of the study demonstrate that the rates of TBI are

much greater when taking ED visits into consideration in
addition to acute care hospitalizations. The rates were able to
provide a more accurate assessment of the burden of TBI on
health care services. To our knowledge, this is the first study to
provide an overall estimate of annual rates of hospital
admissions and episodes of care involving a TBI using ICD-10
codes across age and gender from a publicly insured Canadian
population.

The rates of TBI in the present study still remain much lower
than previously reported hospitalization and ED rates in
Canada2,4, the United States25-28 and Europe29-31. Discrepancies
could be the result of differences in the definition of TBI using
ICD-10 codes, data source, time period, method of data
collection, exclusion criteria with regards to previous head
injury, access to health care. Rates may also be lower because of
decreases in injuries. This study used a more conservative set of
ICD-10 codes than the CDC and earlier reports used5,21,22. For
instance, when incorporating ‘other’ and ‘unspecified’ head
injury codes as employed by other studies, the rate of TBI
increased to an annual average rate of 623/100,000 between the
years 2002-2006. Furthermore, many of the US studies that
generated ED rates included visits to outpatient clinics, which
would have increased the rate of TBI26-28. Estimates from the US
may also be affected by differential access to health care due to
varying levels of health insurance coverage in the population.

However, one of the primary purposes of the study was to
identify whether the trend of fewer TBI related hospitalizations,
as observed in previous reports, was related to a shift in
treatment of TBI to EDs rather than hospitalization3,4. Based on
our findings it appears that many more people are being treated

and released with a TBI than are being admitted. This is
particularly true of children and adolescents who were shown to
have the highest declines in TBI hospitalization in a prior study4.
This demonstrates the importance of using ED visits to identify
the rates and trends of TBI.

Falls have also been documented across multiple studies as a
common mechanism of injury for a TBI hospitalization3-5,32,33.
Children and older persons are especially vulnerable to falls,
with older persons being more likely to be hospitalized and
children more likely to visit an ED for their injuries5,16,26,27. The
most common cause of TBI in EDs in the present study was due
to falling or being struck by/against an object. The high number
of sports related injuries (20%) in these categories also has
implications for prevention. A similar number of medically
treated TBIs that resulted from a sports related injury (19%)
were found in an American study34. It also may be that persons
are more likely to seek care after a sports injury as a result of
greater education and public awareness.

Numerous strategies for prevention are needed to reduce the
number of TBIs across age and gender categories. Specifically,
strategies could be targeted at the major mechanisms of injury,
and could address individual behavioural change as well as
broader environmental factors, such as legislation and education
programs. Canadian government agencies have developed a
wide range of media images that promote safety and prevention
of injury35.

This study was based on administrative data that have known
limitations17,36. For example, NACRS and DAD databases do
not include records of Ontario residents who suffered a TBI
outside of the province, who died prior to being taken to an ED
or admitted to hospital, or who were treated only in physician
offices or in prisons. Another limitation is the possibility that a
TBI diagnosis may not be recorded. National Ambulatory Care
Resource System, for instance, only codes up to ten diagnoses—
compared to a hospital, which codes over 20 conditions—and as
such a TBI may be missed.
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Mechanism of injury Female n=29,537 Male n= 54,505 All

n % n % n %

Falls 15,265 51.7 19,717 36.2 34,982 41.6

Struck by/ Against 6,564 22.2 19,569 35.9 26,133 31.1

Motor vehicle 3,882 13.1 6,081 11.2 9,963 11.9

Firearm 16 0.1 84 0.2 100 0.1

Other 3,810 12.9 9,054 16.5 12,864 15.3

Unintentional 27,956 94.6 46,876 86.0 74,832 89.0

Sports Related 4,854 16.4 12,102 22.2 16,956 20.2

Table 3: Main mechanisms of injury (episodes only) by gender
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As stated previously, chart re-abstraction studies
demonstrated 75% agreement between DAD for the coding of
intracranial injury18, and 95.3% agreement between NACRS20

and chart coding. Lack of agreement may signify underreporting
of TBI. In a recently published study by Ryu and colleagues37,
mTBI rates in persons over the age of 15 were approximately
426 per 100,000 based on hospital data alone but increased to
493 per 100,000 when family physician offices were added. This
study demonstrates that more patients are seen for TBIs than are
recorded in these administrative databases. Likewise, Kostylova
and colleagues found that among children, physician claims
underreported head injuries compared to administrative data.
That is, instead of reporting a head injury, physicians often
documented a head injury as a “multiple unspecified wound or
trauma”38. Based on these findings and those of another
international study39 we believe the rates of TBI in our study
underestimate the number of actual TBI cases in the population.
Further validation studies on diagnosis codes in a Canadian
context are needed.

CONCLUSIONS
Our data highlight the importance of emergency room staff

training in order to diagnose, treat and make appropriate referrals
for TBI. In addition, effective prevention programs—such as
providing free bicycle helmets from the ED, and concussion
education, including information about return to play—are
advocated to avoid re-injury36. The higher number of sports
related injuries are notable and should be a major focus for
prevention and education.
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