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Shifting Trend of Transient Ischemic
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ABSTRACT: Background: Stroke is often preceded by transient symptoms. Although global stroke rates have been shown to be
declining, previous studies have reported inconsistent temporal trends of transient ischemic attacks (TIA). The objective of the current
study is to report the temporal trends of TIA admissions and outcomes in Canada over the last 11 years. Methods: We conducted a
complete population cohort study using a national administrative database to study the temporal trend of age- and sex-adjusted TIA
admission rates in Canada from 2003 to 2013. We also determined the rates of TIA and stroke diagnoses in the emergency department in
the province of Ontario during the same period. We used multivariable analyses to study discharge location after acute hospitalization as
well as 90-day stroke and/or TIA readmission rates. Results: Of 425,799 admissions to an acute care hospital for all stroke and TIA, 71,443
(16.8%) were TIA. The age- and sex-standardized rates of TIA admission decreased significantly during the study period from 30.0 to 20.6
per 100,000 (p < 0.0001). In Ontario, decreasing TIA admissions is mirrored by decreasing rates of TIA directly discharged from the
emergency department (55.1 to 46.8 per 100,000, p = 0.002). The odds of 90-day readmission rates for stroke or TIA are also decreasing
(adjusted odds ratio, 0.97; 95% confidence interval, 0.96-0.99). Conclusions: We show that TIA admission rates have declined in the past
11 years in Canada, reflecting improved vascular risk reduction and stroke care. Future studies to confirm our findings on improved stroke
or TIA recurrence rates are necessary.

RÉSUMÉ: Nouvelles tendances d’hospitalisation et de pronostic de l’ischémie cérébrale transitoire au Canada. Contexte: L’accident vasculaire cérébral
est souvent précédé de symptômes transitoires. Bien que les taux globaux d’AVC aient diminué, des études antérieures ont rapporté des tendances temporales
inconstantes concernant l’ischémie cérébrale transitoire (ICT). Le but de cette étude était de rapporter les tendances temporales d’hospitalisation et d’issue des ICT
au Canada au cours des 11 dernières années. Méthodologie: Nous avons effectué une étude de cohorte d’une population complète au moyen d’une base nationale
de données administratives pour étudier la tendance temporale des taux d’hospitalisation ajustés pour l’âge et le sexe de 2003 à 2013. Nous avons également
déterminé les taux de diagnostics d’ICT et d’AVC au département des urgences dans la province d’Ontario au cours de la même période. Nous avons utilisé des
analyses multivariées pour étudier le lieu du congé après une hospitalisation d’urgence ainsi que les taux d’ICT et/ou de réhospitalisation dans les 90 jours de
l’incident. Résultats: Parmi les 425,799 hospitalisations dans un centre de soins aigus pour un AVC ou pour une ICT, 71,443 (16,8%) étaient pour une ICT. Les
taux d’hospitalisation pour une ICT, standardisés pour l’âge et le sexe, ont diminué significativement pendant la période de l’étude, soit de 30,0 à 20,6 par 100,000
(p < 0,0001). En Ontario, la diminution des hospitalisations pour une ICT se reflète dans la diminution des taux d’ICT au moment du congé directement du
département des urgences (55,1 à 46,8 par 100,000; p = 0,002). Les taux de réhospitalisation pour AVC ou ICT au cours des 90 jours suivant l’événement initial
diminuent également (RC 0,97 ; intervalle de confiance à 95% de 0,96 à 0,99). Conclusions: Nous démontrons que les taux d’hospitalisation pour ICT ont
diminué au Canada au cours des 11 dernières années, reflétant une diminution du risque vasculaire ainsi qu’une amélioration du traitement de l’AVC. Des études
ultérieures seront nécessaires afin de confirmer nos constatations sur les taux de récurrence de l’AVC ou de l’ICT.
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Stroke is a leading cause of mortality and morbidity globally.
Recent population studies have shown a decline in stroke
incidence in North America, Europe, and Asia.1-4 A significant
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minority (10-30%) of ischemic stroke patients report preceding
symptoms of transient ischemic attack (TIA) and they represent a
target high-risk population for stroke prevention strategies.5-7
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The temporal trends of TIA are less well-understood worldwide
and unknown in the Canadian population. Past epidemiological
studies on incident TIA diagnosis have yielded inconsistent
findings, showing increasing,8 stable,9,10 or decreasing temporal
trends.2,11,12 Understanding the secular trends of TIA is an
important consideration in future secondary stroke prevention
studies as well as planning resource allocation after TIA. Our
main objective is to study the temporal trends of TIA admissions
to acute care hospitals and outcomes in Canada in the past
11 years. This period reflects the baseline just before the launch of
a national stroke strategy up to the ten-year point. During this
time, provinces developed their own stroke systems with variable
rates of progress towards integrated stroke care by province.
We anticipate that several factors may influence the observed
TIA admission rates. These include variations in disease
incidence, changes in clinical practice, as well as the evolving
nature of the definition of TIA. Practice changes may increase the
number of TIA patients being evaluated in the emergency
department and discharged to a stroke prevention clinic without
hospital admission.13 Further, the diagnosis of TIA has been
proposed to be changed from a time-based definition to a tissuebased one, leading to more patients being diagnosed with minor
strokes instead of TIA.14,15 To assess whether changes in TIA
admission rates in the past decade are truly due to decreasing TIA
incidence rather than simply a reflection of clinical practice
changes, we performed a subpopulation analysis in the province
of Ontario to evaluate the temporal trends of TIA and stroke
discharge rates from the emergency department in patients who
did not have inpatient hospitalization. Ontario is the most
populous Canadian province with a population of 13 million and it
is the first province to have established an integrated stroke care
health system.16

database. NACRS receives demographic, administrative, and
discharge data for emergency departments, including discharge
diagnosis mapped to International Statistical Classification of
Diseases and Related Health Problems, 10th revision (ICD10-CA) codes.18 We limited the NACRS database subanalysis to
the province of Ontario because all emergency departments in
Ontario were mandated to report ambulatory data to NACRS
throughout the entire duration of the study, whereas participation
from other provinces was incomplete. Canadian administrative
data have been previously shown to be valid and accurate with a
specificity ranging from 88% to 99% for the diagnosis of TIA and
85% to 91% for the diagnosis of stroke using ICD-10-CA.19 TIAs
were identified using ICD-10-CA code G45.x (except G45.4).
Strokes were defined as any ischemic stroke, intracerebral
hemorrhage, or subarachnoid hemorrhage and were identified using
codes I60 (excluding 160.8), I61, I63 (excluding 163.6), I64, and
H34.1. We only included patients who were coded TIA or stroke as
the main diagnosis.
Our primary outcome was the trend of national TIA admission
rates by year. We had multiple secondary outcomes. We evaluated
the temporal trend of the age- and sex-adjusted rates of emergency
department diagnosis of TIA and stroke in the province of
Ontario. We also assessed the change in risk of readmission for
stroke and stroke or TIA at 90 days after the initial hospital
admission. Finally, we evaluated whether discharge location
after acute hospitalization changed over time. Categories of
discharge location include home without services, home with
services (includes locations such as senior’s lodge, attendant care,
supportive housing and assistance such as home care health
care team or meals on wheels), inpatient rehabilitation centre,
long-term nursing care and/or complex continuing care, death in
the hospital, or other.

METHODS

Statistical Methods

We conducted a retrospective cohort study using an administrative database for all TIA patients admitted to a Canadian acute
care hospital between 2003 and 2013 inclusive. The total Canadian
population increased from 31.6 million to 35.5 million during the
study period.16 All Canadian citizens and permanent residents are
eligible for a publicly funded and universally available health care
system, administered through the 13 provincial and territorial health
insurance plans. The study excludes patients admitted to hospital
without a valid provincial or territorial health insurance number,
including visitors from another country and temporary workers,
students, or people claiming refugee status who have not yet
obtained an Interim Federal Health Program, and female patients
with previous history of therapeutic abortion in accordance
with privacy requirements. Data were obtained from the
Canadian Institute for Health Information (CIHI). The CIHI
Discharge Abstract Database (DAD) contains demographic,
administrative, and discharge diagnosis data, including deaths and
transfers, on all patients discharged following a hospital admission.
It does not include patients who were discharged from the
emergency department without inpatient admission. All hospitals
are required to report to the DAD. Two exceptions are for the
provinces of Manitoba, which started contributing to the DAD
April 1, 2004, and Quebec, which had partial contribution during
the fiscal years 2008/09 to 2011/12.17 Additionally, we also used
the CIHI National Ambulatory Care Reporting System (NACRS)

We calculated age- and sex-standardized TIA admission rates
using the direct method and the population from the 2011 Canadian census. Significance for trend was calculated using the
Kendall rank correlation coefficient, a nonparametric test for
ordered differences among classes. P value <0.05 suggests a
statistically significant trend and a negative rank correlation
coefficient suggests a decreasing trend over years. We used
logistic regression modeling to estimate adjusted odds ratios for
90-day readmissions and multivariable Poisson regression to
estimate adjusted relative risks for discharge locations. Covariates
used for adjustment were age, sex, Charlson-Deyo index (0-1 vs
≥2), and history of hypertension and atrial fibrillation. The
Charlson-Deyo index is an administrative data adaptation of the
Charlson comorbidity index involving a range of comorbid
conditions, including vascular disease, end-organ failure, and
malignancy.20 All statistical comparisons were done using
SAS 9.3 (SAS Institute Inc., Cary, NC, USA).
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RESULTS
There were 425,799 stroke and TIA patients admitted to a
Canadian acute care hospital from 2003 to 2013, of which 71,443
(16.8%) were TIA. The crude number of TIA admissions by
province and year are presented in Table 1. The age- and
sex-standardized rates of TIA admission in Canada decreased
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Table 1: Absolute number of hospital admission for TIA in Canada by province and territories per year
2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

176

182

223

232

194

202

216

210

228

213

219

66

64

70

37

69

65

64

50

40

64

55

Nova Scotia

255

282

239

182

186

203

205

213

221

189

165

New Brunswick

362

411

395

393

346

319

298

294

308

291

346

Quebec

–

–

–

–

–

1886

1802

1830

1863

–

–

Ontario

2589

2753

2643

2371

2521

2484

2483

2529

2444

2613

2459

–

376

363

300

274

261

230

252

263

196

176

Newfoundland
Prince Edward Island

Manitoba
Saskatchewan

448

464

472

474

390

393

366

400

437

344

312

Alberta

890

908

802

784

768

677

840

724

812

725

642

British Columbia

981

964

979

918

940

951

1131

1109

1075

1060

1056

Total

19

25

15

14

15

23

26

26

20

21

5786

6429

6201

5705

5703

7464

7661

7637

7711

5716

from 30.0 to 20.6 per 100,000 during the study period (Figure 1;
Kendall rank correlation coefficient,0.96; p < 0.0001).
We linked 58,833 (82.3%) TIA patients to the 90-day follow-up
data. Figure 2 illustrates the crude proportion of 90-day
readmission for stroke and stroke or TIA by fiscal year. With
multivariate analysis, the 90-day readmission rate for stroke
remained stable (adjusted odds ratio, 0.99; 95% confidence interval
[CI], 0.97-1.00) and the combined 90-day readmission rates for
stroke or TIA per year declined slightly (adjusted OR, 0.97;
95% CI, 0.96-0.99). After acute hospitalization for TIA, patients
were less likely to be discharged to a long-term care or complex
continuing care institution and more likely to be discharged to their
own home with additional services and support (Table 2).
In the subanalysis of TIA and stroke rates in the province
of Ontario, we found a significant decrease in age- and
sex-standardized rates of TIA patients discharged from the
emergency department without admission. The rates dropped
from 55.1 to 46.8 per 100,000 (Figure 2; Kendall rank correlation
coefficient -0.71; p = 0.002). Standardized rates of stroke patients
discharged from the emergency department also declined from
27.5 to 17.1 per 100,000 during the study period (Figure 2;
Kendall rank correlation coefficient -0.93; p < 0.0001). Moreover,
TIA rates from the combined ambulatory NACRS and inpatient
35
30.0
30

30.7
28.8
25.8

TIA rates

25

25.1

24.1

24.1

23.4

23.0

22.2

20.6

20
15

–
5430

DAD database, reflecting both emergency department and
inpatient TIA diagnoses, have also declined in the province of
Ontario from 18.3 to 14.8 per 100,000 (Kendall rank correlation
coefficient -0.81, p = 0.005). Similarly, the combined emergency
department and inpatient stroke rates in Ontario decreased from
112.7 to 100.2 per 100,000 (Kendall rank correlation coefficient
-0.81, p = 0.005) (Figure 3).
DISCUSSION
In the past 11 years, the national rates for TIA admission to an
acute care hospital have declined in Canada. Our finding is consistent with other population studies from Belgium (1984-1999);
Oxfordshire, United Kingdom (1981-2004); and Victoria,
Australia (2001-2011) that have reported a decreasing trend in
incident TIA rates, despite a general aging of the population.2,11,12
Patients included in these studies were not necessarily admitted to
an acute care hospital and cases were only included if it was an
incident (first-ever) TIA. Given TIA is an episodic disease by
6.0

Percentage recurrence (%)

All territories

5.0

4.8

4.6

4.4

4.2

4.3
4.0

4.0

3.6

3.0

2.5
2.2

2.0

4.0

3.8

3.5

3.4

2.4

2.2
1.9

1.7

2.0

2.4

2.3
2.0

1.9

1.0
10
5

0.0
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0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Years

Figure 1: National age- and sex-standardized rates of TIA admission
per 100,000 population by fiscal years

Volume 44, No. 4 – July 2017

Years
Stroke or TIA

Stroke

Figure 2: Crude proportion (in percentage) of 90-day readmission for
stroke and stroke or TIA by fiscal years
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Table 2: Adjusted relative risk per year for discharge
locations after hospitalization
Outcome

Adjusted RR (95% CI)

Home without services

1.00 (0.99-1.00)

Home with services

1.03 (1.02-1.03)

Inpatient rehabilitation centre

1.01 (1.00-1.02)

Long-term care/complex continuing care

0.98 (0.97-0.99)

Death in hospital

1.01 (0.98-1.05)

Discharge – Other

0.98 (0.96-1.00)

definition, we did not restrict the current study to incident cases or
define a disease-free clearance period.
There are multiple explanations underlying the decreasing TIA
admission rates at a national level over an 11-year period. The last
decade has seen significant advances in knowledge in vascular
health and patient care. Throughout the study time frame, an
increased number of stroke prevention services have emerged in
Canada as a result of the implementation of stroke strategies, to
different degrees, in all provinces.21 Improvement in general
cardiovascular risk management with antiplatelet therapy, lipidlowering agents, blood pressure, and glucose management contribute to the decrease in cerebral ischemic events.22-26 For
instance, hypertension is one of the most important modifiable
risk factors for stroke. Although the prevalence of hypertension is
on the rise in Canada, studies have shown that its incidence is
declining and that more patients are receiving the appropriate
treatment to control their blood pressure.27,28 In addition, implementation of specific guidelines on carotid revascularization,
anticoagulation for atrial fibrillation, and an emphasis on early
evaluation times and neuroimaging may also improve secondary
stroke prevention.29,30 In Canada, rates of anticoagulation for
stroke prevention in context of atrial fibrillation have increased in
the past decade with a concomitant decrease in stroke rates.31
Ongoing research and clinical trials may also positively impact
cerebral ischemic event rates.32 Although neither of these individual reasons may be sufficient to significantly decrease TIA

70
58.9
60

55.1

56.3
52.0

50.6

52.6

53.3
47.8

Outcome rates

50

50.2

47.1

46.8

16.9

17.1

40
30

27.5

25.9

23.9

23.7

22.3

21.2

20.5

18.9

20

18.9

10
0
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Years
TIA

Stroke

Figure 3: Age- and sex-standardized rates of TIA and stroke
discharged from the emergency department in Ontario, per 100,000
population, by fiscal years
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admission rates, the combination of these component causes may
positively influence TIA event rates.
The practice of medicine is continuously evolving, and we
acknowledge that it is possible that the observed decrease in TIA
admission rates is influenced by factors other than a true decrease
in TIA incidence. First, our observation can result from a diagnostic ascertainment bias associated with improved neuroimaging
tools and the heightened awareness of the urgency of diagnostic
tests for TIA among emergency department physicians, who are
often first-line in the treatment of cerebrovascular diseases. With
the increasing availability of advanced neurovascular imaging,
such as computed tomography angiograms and magnetic resonance imaging, physicians are more confident to exclude the
diagnosis of TIA in patients with vague neurological symptoms,
thus decreasing TIA rates. We think this possibility has an overall
small impact on our data because we only include patients who
were given the diagnosis of TIA after a complete investigation
during an acute care hospital admission. Therefore, the proportion
of stroke mimics in our population is expected to be small. Second, the diagnosis of TIA is shifting from a time-based definition
to a tissue-based one so that patients with transient neurological
deficits of vascular origin are more likely to be diagnosed as a
“minor stroke” if there is imaging evidence of acute ischemia.14,15
Prior models have estimated that a tissue-based TIA definition
would reduce TIA incidence by 33% with an associated rise in
ischemic stroke by 7%.33 Nevertheless, instead of seeing an
associated rise in stroke admissions, they have decreased in
Canada during this time period.1 Third, as the urgency of TIA is
being increasingly understood, more patients are expected to
undergo an expedited evaluation in the emergency room or a
rapid-access outpatient TIA clinic, rather than being admitted to
hospital. We show that rates of TIA and stroke being diagnosed
and discharged from emergency departments in Ontario without
admission to hospital were also declining significantly. Our data
from Ontario support the idea that the decrease in TIA hospital
admissions is not completely accounted for by the secular changes
in clinical practice, but rather there is a true decline in TIA
admissions. Nevertheless, administrative data contain limited
information from outpatient clinics. The influence of rapid-access
TIA clinics on the rates of TIA admissions across Canada remains
uncertain. Although the rates are declining, the burden of disease
is expected to rise with the aging of the Canadian population.
From a clinical perspective, clinicians should be encouraged by
the declining rates of TIA admission to continue routinely practicing vascular risk reduction strategies: diagnosing and treating
diabetes, hypertension, and dyslipidemia, as well as discussing
lifestyle modifications including smoking cessation, exercising,
and observing a salt-reduced diet.29
Our data suggest that outcomes after TIA may also be
improved. The 90-day readmission rates for stroke or TIA is on a
decreasing trend and TIA patients are less likely to be discharged
to a nursing home after their acute hospitalization. However, these
results must be interpreted with caution because the magnitude of
the associations found is small and with our large sample size, we
may have identified a statistical difference that may not translate
into a clinically relevant finding.
An important strength of our study is that we used a national
administrative database to follow a large, complete population for
more than a decade in Canada. We acknowledge that administrative data are subject to hospital and jurisdiction-based coding
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variation because Canadian health care is administered by the
individual provinces. By including only admitted patients, we
make our case ascertainment more accurate and homogenous.
Moreover, Canadian administrative data have been shown to be
highly clinically accurate.19 Nevertheless, exceptions in accessing
CIHI administrative data from Quebec leaves a gap in our data,
which may affect the results. When examining the complete
dataset for the 4 years where we have data from Quebec, we
extrapolate that our results would be similar to those reported here
if they were included. We used hospital discharge administrative
database, which only captures patients admitted to an acute care
hospital. Patients diagnosed with TIA in the emergency department, a rapid-access TIA clinic, or a primary care physician office
are not fully captured by our study. This means that we have
captured a high-risk population as these are the patients who
require hospital admission. In addition, we obtained a partial
perspective on TIA diagnosis in the Ontario emergency department. Finally, the administrative data used did not contain
neuroimaging information. Thus, we were unable to ascertain the
timing, frequency, and results of advanced neurovascular
imaging, such as magnetic resonance imaging or computed
tomography angiogram.
CONCLUSIONS
In conclusion, we show a decline in TIA admission rates to
acute care hospital in Canada over an 11-year period. Although
we recognize that the secular trends in clinical practice in medicine may influence TIA admission rates over time, we present
arguments that our findings reflect a true improvement in vascular
health and stroke care in Canada. Future studies dedicated to
outcomes after TIA are necessary to further study recurrent
ischemic event rates and disability after TIA.
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