ORIGINAL ARTICLE

COPYRIGHT © 2017 THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES INC. THIS IS AN OPEN ACCESS ARTICLE, DISTRIBUTED UNDER
THE TERMS OF THE CREATIVE COMMONS ATTRIBUTION LICENCE (HTTP://CREATIVECOMMONS.ORG/LICENSES/BY/4.0/), WHICH PERMITS
UNRESTRICTED RE-USE, DISTRIBUTION, AND REPRODUCTION IN ANY MEDIUM, PROVIDED THE ORIGINAL WORK IS PROPERLY CITED.

Trajectories of Stroke Care in Ontario:
Which Path to Best Care?
Ruth E. Hall, Diana Sondergaard, Walter P. Wodchis, Jiming Fang,
Prosanta Mondal, Mark T. Bayley
ABSTRACT: Background: Few studies have tracked stroke survivors through transitions across the health system and identified the
most common trajectories and quality of care received. The objectives of our study were to examine the trajectories that incident stroke
patients experience and to quantify the extent to which their care adhered to the best practices for stroke care. Methods: A population-based
cohort of first-ever stroke/transient ischemic attack (TIA) patients from the 2012/13 Ontario Stroke Audit was linked to administrative
databases using an encrypted health card number to identify dominant trajectories (N = 12,362). All trajectories began in the emergency
department (ED) and were defined by the transitions that followed immediately after the ED. Quality indicators were calculated to quantify
best practice adherence within trajectories. Results: Six trajectories of stroke care were identified with significant variability in patient
characteristics and quality of care received. Almost two-thirds (64.5%) required hospital admission. Trajectories that only involved the ED
had the lowest rates of brain and carotid artery imaging (91.5 and 44.2%, respectively). Less than 20% of patients in trajectories involving
hospital admissions received care on a stroke unit. The trajectory involving inpatient rehabilitation received suboptimal secondary
prevention measures. Conclusions: There are six main trajectories stroke patients follow, and adherence to best practices varies by
trajectory. Trajectories resulting in patients being transitioned to home care following ED management only are least likely and those
including inpatient rehabilitation are most likely to receive stroke best practices. Increased time in facility-based care results in greater
access to best practices. Stroke patients receiving only ED care require closer follow-up by stroke specialists.

RÉSUMÉ: Trajectoires de soins cliniques de l’AVC en Ontario : quelle est la plus conforme aux pratiques exemplaires ? Contexte: Peu d’études
ont effectué un suivi des personne survivantes d’un AVC dans l’ensemble du système de santé. Peu nombreuses sont aussi celles ayant déterminé les
trajectoires de soins cliniques qui leur ont été alors prodigués ainsi que leur qualité. Notre étude comporte ainsi deux objectifs : d’une part, examiner les
trajectoires de soins cliniques offerts aux patients victimes d’un AVC ; d’autre part, déterminer dans quelle mesure ces soins sont conformes aux pratiques
exemplaires en matière de soins de l’AVC. Méthodes: Une cohorte représentative de la population a inclus des patients victimes (pour la première fois)
d’un AVC ou d’un accident ischémique transitoire (AIT) et choisis à partir du Ontario Stroke Audit (2012-2013). Cette cohorte a été couplée à des bases de
données administratives au moyen d’un numéro d’assurance santé encodé afin d’identifier les principales trajectoires (N = 12 362). Toutes les trajectoires
de soins cliniques débutent au moment de l’admission dans un service des urgences ; elles ont été définies par l’ensemble des interventions consécutives à
cette admission. Des indicateurs de qualité ont été utilisés afin de mesurer, par rapport à chaque trajectoire de soins cliniques, leur conformité aux pratiques
exemplaires. Résultats: En matière de soins de l’AVC, six trajectoires ont été identifiées. On a ainsi pu observer une variabilité importante en ce qui regarde
les caractéristiques des patients et la qualité des soins prodigués. Près des deux-tiers (64.5%) d’entre eux a été hospitalisé. De plus, les trajectoires limitées
aux seuls services des urgences ont donné à voir les plus bas taux d’imagerie du cerveau et de l’artère carotide (respectivement 91,5 et 44,2 %). Moins de
20 % des patients dont les trajectoires ont sous-tendu une hospitalisation ont reçu des soins dans un service spécialisé de l’AVC. La trajectoire supposant la
réadaptation de patients hospitalisés s’est aussi distinguée par des mesures de prévention secondaire sous-optimales. Conclusions: Six trajectoires
principales de soins cliniques ont été identifiées parmi un groupe de patients victimes d’un AVC. La conformité aux pratiques exemplaires a varié d’une
trajectoire à l’autre. Les trajectoires ayant inclus des soins à domicile à la suite de traitements reçus uniquement dans un service des urgences demeurent
moins probables. En outre, les patients hospitalisés à qui l’on a offert des services de réadaptation sont les plus susceptibles de recevoir des soins conformes
aux pratiques exemplaires. Fait à noter, un séjour prolongé dans un établissement de santé s’est traduit par un meilleur accès à des soins conformes aux
pratiques exemplaires. Enfin, les patients victimes d’un AVC n’ayant reçu que des soins dans un service des urgences ont nécessité un suivi plus étroit de
spécialistes de l’AVC.
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INTRODUCTION
Organized stroke care results in reduced death and disability,
but it is very complex.1 There is abundant literature regarding the
quality of stroke care within an individual setting or transitions
between two sectors (e.g., acute to inpatient rehabilitation).2-12
However, few studies have tracked stroke survivors across the
entire continuum to understand the quality of care they received
and their outcomes.13-15 This is a significant gap in our knowledge, as stroke patients take many variable paths or trajectories
through the healthcare system. The Canadian Stroke Strategy
has identified a Model for Transitions of Stroke Care and
corresponding best practices for each sector, including: acute
care, inpatient and outpatient rehabilitation, stroke secondary
prevention clinics and primary care follow-up.16 However, the
proportion of stroke patients following the various trajectories
and the quality of care are not known.
The reason for this lack of evaluation may be that very few
health systems have the capacity to follow patients across the
entire continuum of stroke care.12,17-20 There is a dearth of
studies that provide real-world knowledge of the care pathways
for stroke patients based on comprehensive observational data
to highlight where to focus quality improvement and stroke
system planning.
The objectives of our study, therefore, were: (1) to characterize
the first-year care trajectories and outcomes for first-ever acute
stroke/transient ischemic attack (TIA) patients; (2) to describe
the patient demographic factors (i.e., age, sex and stroke severity)
associated with each trajectory; (3) to measure adherence to
available best practices guidelines (i.e., appropriate diagnostic
testing, access to specialists and prescribing stroke-prevention
medications); and (4) to identify the priority areas of the stroke
system upon which to focus quality-improvement activities.
METHODS
Data Sources and Cohort Creation
The Ontario Stroke Registry (OSR) (formerly known as the
Registry of the Canadian Stroke Network, or RCSN) performs a
population-based biennial audit of the patients seen at all acute
care institutions in Ontario. The 2012/13 Ontario Stroke Audit
(OSA) is a random sample of patients 18 years of age and older
discharged from the emergency department (ED) or from an
inpatient stay between 1 April 2012 and 31 March 2013, with a
main problem/most responsible diagnosis of stroke or TIA among
hospitals seeing at least 30 strokes/TIAs per year. If there was
more than one stroke/TIA during the sampling period, only the
first stroke/TIA event was included.21 Results were weighted
using the reciprocal of the probability that the chart was selected
to provide for population estimates.21
Chart abstraction was performed by trained research personnel,
and if chart review confirmed a diagnosis of stroke or TIA, the
event was included in the OSA. The OSA collects information on
stroke type and severity, presenting symptoms and co-morbid
conditions, and validation by duplicate chart abstraction has
shown excellent agreement for key variables, including age, sex,
stroke type and admission to hospital.22
The OSR is housed at the Institute for Clinical Evaluative
Sciences (ICES), where it is linked to population-based administrative databases using unique encoded patient identifiers. Using
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an encrypted health card number, we excluded OSA patients who
had had a stroke/TIA emergency department visit or hospitalization in the three years prior to the 2012/13 stroke event
to identify first-ever stroke patients, leaving 12,362 patients to
assign a trajectory. All trajectories began with an admission to
the ED at 100 acute hospitals. A trajectory was classified by the
first and/or second transition after ED care (e.g., home, home with
home care, inpatient rehabilitation, complex continuing care or
long-term care) using a unique encrypted health card number
linked to several administrative databases and analyzed at the
ICES (see supplementary material, Appendix 1).
Data Analyses
Results were weighted using the reciprocal of the probability
that the audited chart was selected to provide for population estimates.21 This resulted in a cohort of 18,871 first ever stroke/TIA
patients. Adherence to best practices stroke care was calculated as
the proportion of patients receiving best practices among all
eligible patients in that trajectory expressed as a percentage. The
acute phase process indicators calculated are included in the
Ontario Stroke Network’s stroke report card23 and include:
dysphagia screening, neuro- and carotid imaging, thrombolytic
therapy (tissue plasminogen activator [tPA]), admission to a
stroke unit and referral to a secondary prevention services.
Post-acute best practices indicators were selected based on data
availability in Ontario. We excluded patients who died during the
follow-up for medication adherence only. Patients were followed
for up to 365 days after the index event.
RESULTS
Predominant Trajectories of Stroke Care in Ontario
There are six predominant trajectories following a first-ever
stroke/TIA in Ontario, and most (64.5%) involve hospitalization.
Four of the six trajectories transition to the community after
an acute event. The most common trajectory of care (26%) is
transitioning to home from the ED (T1).
Patient Characteristics (see Table 1)
In the Table 1 most common trajectory (T1), most patients
experience a TIA (82.8%), are younger (69.5 years), male
(50.9%), have fewer co-morbidities (5.4% with a Charlson
comorbidity index of 3 or more) and were living independently
prior to the stroke (84.5%). In contrast, those transitioned to home
care from the ED (T2) were over a decade older (median =
80.7 years), more likely to be female (57.3%) and less independent (53.9%).
Trajectories with transitions directly to home following
an acute stroke (T1 and T3) had patients similar in age (69.5 vs.
68.3 years) and independence (84.5 vs. 87.6%), but were more
likely males, with fewer comorbidities (5.4 vs. 11.0%, with a
Charlson comorbidity index ≥3). However, T3 (admitted) patients
had more severe strokes (93.8 vs. 82.1%, considered mild).
Patients in trajectories including home care (T2 and T4) were
older, more likely female and had more co-morbidities, but
admitted patients (T4) were more independent (64.0 vs. 53.9%)
and experienced more severe strokes (70.6 vs. 85.2% mild)
compared to those not admitted.
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Table 1: Patient Characteristics in Six Stroke Care Trajectories
ED to
home (T1)

ED to home
with home care
(T2)

ED:
inpatient to
home (T3)

ED: inpatient to
home with home
care (T4)

ED: inpatient to
inpatient
rehabilitation (T5)

ED: inpatient to complex
continuing care/long-term
care (T6)

N = 18,871 (FY 2012/13)

4,931

1,767

3,449

3,884

3,331

1,508

% female

49.1

57.3

38.8

53.9

46.5

58.7

Median age

69.5

80.7

68.3

78.1

73.5

81.4

(59.5-78.6)

(72.6-86.7)

(58.3-77.3)

(67.4-85.3)

(62.4-81.7)

(72.2-87.1)

TIA

82.8

78.2

34.9

23.2

1.9

6.9

Ischemic

16.7

21.1

59.0

69.2

86.8

79.5

11.3

13.6

(25th and 75th percentile)
Stroke type

Haemorrhagic

0.5

0.7

6.1

7.6

UTD

0.48

0.52

0.34

0.28

% independent prior to stroke

0.21

0.38

84.5

53.9

87.6

64.0

76.4

41.2

Charlson score of 3 or more

9.9

10.3

14.1

32.5

19.2

13.9

% living in a long-term care, home or
retirement residence at time of
stroke/TIA

2.7

6.0

1.7

2.5

0.8

26.5

93.8

85.2

82.1

70.6

57.8

37.0

Stroke severity*
% mild
Disability at discharge
% mRS 0-2

91.1

78.7

87.6

57.4

15.4

6.2

mRS 3

1.2

8.1

5.7

21.8

35.3

17.9

mRS 4–5

1.4

4.4

4.6

16.8

43.4

72.0

6.4

8.8

2.2

3.9

5.9

3.9

UTD

†

*Measured on the Canadian Neurological Scale 8 or higher.
mRS = modified Rankin score.
†
Not enough information in the chart for abstractors to be able to calculate.

Trajectory five (transition to inpatient rehabilitation) had the
second youngest stroke/TIA patients (median age = 73.5 years).
T5 also had the highest prevalence of patients who had been
independent in terms of performing the activities of daily living
prior to their stroke and after their discharge home without
supports (T1 and T3) (76.4%), but they experienced more
severe strokes (only 57.8%, mild strokes) compared to patients
discharged home with or without supports and a high proportion
of patients with a modified Rankin score >2 (84.6%) at the time
of discharge from the acute hospital.
The least common trajectory (T6) involved direct transition
to long-term care (LTC) or complex continuing care (CCC)
facilities. In fact, 26.5% resided in an LTC-type residence prior to
their index stroke/TIA. This group was the oldest (median age =
81.4 years), had the highest proportion of women (58.7%) and
had the lowest proportion of patients considered to be independent
(41.2%). Less than half of T6 patients experienced a mild stroke
(37.0%), and 93.8% had a discharge modified Rankin score >2.
Adherence to Acute Stroke Care Best Practices
Trajectory five had the highest proportion of patients receiving
best practices stroke care, with the exception of referrals to a
secondary stroke prevention clinic and warfarin adherence
(Table 2). This trajectory also had the highest prevalence of tPA
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delivery (15.6%). T4 had the lowest proportion receiving
tPA despite having a greater proportion of ischemic stroke
patients as compared to T3. Among the trajectories that
included hospitalization, T3 (transition to home) had the lowest
proportion of patients cared for on a stroke unit (9.2%) with
swallowing assessed (47.4%) but had the highest percentage
referred to a secondary stroke prevention clinic (65.8%)
among patients admitted to hospital. Trajectory T6 (transition to
CCC or LTC) had the second highest rate of patients treated on a
stroke unit (16.7%). Patients discharged home (T3 and T4) had the
lowest proportion of patients treated on a stroke unit.
Trajectories without an inpatient stay (T1 and T2) had the
lowest rates of brain and carotid artery imaging (44.2 and 38.8%)
and the highest secondary prevention clinic referrals (81.4
and 73.4%, respectively) compared to trajectories with an inpatient stay for acute stroke management. These patients also had the
lowest 30-day family physician visit rate (70.0 and 69.9%) of all
the trajectories but the highest rate of seeing both a family physician and specialist (54.6 and 49.1%). Furthermore, the median
time to see a specialist was shorter for trajectories without an
inpatient stay compared to hospitalized patients transitioned to the
community: 5.1 versus 7.4 days (T1 vs. T3) and 5.6 versus
6.9 days (T2 vs. T4). The median time to specialist visit was
shortest for T5 (acute + inpatient rehabilitation) at 2.4 days, followed by T6 at 5.2 days. Trajectories T2 and T4 (transitions to
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Table 2: Adherence to Best Practices among Six Stroke Care Trajectories
Trajectory

ED to home
(T1)
(n = 4,931)

ED to home
with home care
(T2) (n = 1,767)

91.5

88.5

% stroke unit admission

NA

NA

9.2

10.9

18.0

16.7

% receiving tPA

NA

0

13.7

11.1

15.7

13.5

% carotid imaging booked or done

44.2

38.8

86.4

79.2

83.8

69.4

0.8

1.5

47.4

59.3

76.7

81.9

% referred to secondary prevention clinic

81.4

73.4

65.8

50.0

37.6

21.6

% patients with follow-up visit to family
physician within 30 days of index
stroke/TIA discharge (CI95%)

70.0%
(68.2-71.8)

69.9%
(67.0-72.7)

78.6%
(76.8-80.4)

81.4%
(79.7-83.1)

84.9%
(83.4-86.3)

Median time (25th and 75th percentile) to
first family physician visit from index
event discharge

6.5 (2.5-13.6)

6.9 (2.8-14.8)

6.2 (279-12.5)

6.3 (2.3-13.1)

1.0 (1.0-2.7)

% with specialist* and family physician
follow-up visit within 30 days of index
stroke/TIA discharge (CI95%)

54.6 %
(52.7-56.5)

49.1%
(46.0-52.2)

45.0%
(42.7-47.2)

41.3%
(39.1-43.4)

40.5%
(38.5-42.6)

28.8%
(25.8-31.7)

Median time (25th and 75th percentile) to
first specialist* follow-up (days)

5.1 (1.9-11.0)

5.6 (2.0-12.2)

7.4 (2.4, 15.5)

6.9 (2.0-15.7)

2.4 (1.0-9.8)

5.2 (1.0-12.5)

90 days post-event

48.6

54.7

52.3

54.2

49.0

38.9

One-year post-event

52.7

60.6

56.8

61.1

56.6

51.3

% receiving CT within 24 hr of hospital
arrival

% swallowing assessment

ED: inpatient
to home (T3)
(n = 3,449)
99.4

ED: inpatient to
home with home
care (T4)
(n = 3,884)
99.5

ED: inpatient to
inpatient
rehabilitation (T5)
(n = 3,331)

ED: inpatient to complex
continuing care/long-term
care (T6) (n = 1,508)

99.9

99.8

90.1%
(88.1-92.0)
1.9 (1.0-6.8)

Warfarin prescribed¥

CI95% = 95% confidence interval; CT = computed tomography; tPA = tissue plasminogen activator.
*Specialist was defined as neurologist, neurosurgeon, internist, cardiologist or physiatrist.
¥
Ischemic stroke/TIA patients with atrial fibrillation 65 years of age and older.

home care) had the highest use of warfarin at three months and
one year following the stroke/TIA: 54.7, 60.6% and 54.2, 61.1%,
respectively.
DISCUSSION
This is the first population-based study to characterize adherence to best practices by care trajectory following first-ever
stroke/TIA. We have found six health system care trajectories
that first-onset stroke patients in Ontario follow. Two of the six
trajectories do not include an inpatient stay and are predominantly
TIA patients at high risk for a stroke. Each trajectory is associated
with significant variability in terms of patient characteristics
and adherence to identified best practices.
Not surprisingly, patients managed in the ED only had less
severe strokes and fewer co-morbidities. In contrast, those
discharged to long-term care (T6) were older, less independent prestroke and more disabled. It was noteworthy that those going to
rehabilitation (T5) were younger, raising the possibility of ageism
inpatient rehabilitation admission policies. Long-term care (T6) is
resource-intensive, and it is possible that the longitudinal cost of
care could be reduced if more received rehabilitation. Overall, a
small percentage of first-ever stroke/TIA patients transition
directly to inpatient rehabilitation: 17.7% (T5). A 2009 analysis of
stroke rehabilitation in Canada reported that inadequate access to
resources that focus on rehabilitation has meant that admission to
long-term care has remained largely unchanged.10
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Patients transitioning to home care services (T2, T4) or to
long-term care (T6) were older, more likely female, less likely
independent prior to their stroke and had experienced a more
severe stroke. Women have strokes at an older age, innately live
longer than men and are less likely to have male caregivers to
support them. The results of our study bolster the literature which
shows that those aged over 80 have worse overall outcomes,
including higher mortality rates and longer lengths of stay, and are
less commonly discharged to their pre-stroke location.24,25
In terms of quality of care, among patients receiving ED-only
management (T1 and T2), less than 50% had carotid imaging, and
30% did not follow up with any physician within 30 days of the
stroke/TIA. The median time to see a physician was six days.
This suboptimal follow-up in T1 and T2 among those who had high
rates of prescribed warfarin raises the concern that less frequent
monitoring may contribute to the higher rates of ischemic stroke
among atrial fibrillation patients newly prescribed warfarin.26
Among trajectories with an inpatient stay, less than 20% of
patients received stroke unit care. Stroke units reduce death or
institutionalization with the same magnitude of effect across all
age groups.27 In trajectories where post-acute stroke patients
were transitioned to the community (T1-T4), screening rates for
dysphagia were the lowest, but this may be due to their shorter
length of stay compared to T5 and T6. A more concerning
possibility is that clinicians take a nihilistic approach to older
people with fewer referrals to inpatient rehabilitation, less use of
preventive medication and less access to follow-up care (T6).
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T5 and T6 have the lowest one-year warfarin adherence rates,
suggesting that the need to ensure secondary prevention is conveyed better in the discharge care plans.
Our study has several limitations worth commenting on. Not
all Ontario acute care hospitals were included in the 2012/13
OSA; therefore, the analysis does not provide a picture of all acute
stroke care episodes and may overestimate the adherence to best
practices by excluding hospitals that see less than 30 stroke/TIA
cases a year. Subarachnoid haemorrhage stroke patients were not
included. However, given that this stroke type represents less
than 10% of stroke patients, it is unlikely to have impacted our
results. Adherence to secondary stroke prevention medications
was obtained from the Ontario Drug Benefits (ODB) database,
limiting quantification of adherence to patients over age 65 years
at the time of the acute stroke/TIA. Adherence to antiplatelet
medications was not calculated, as aspirin is not covered nor
tracked by the ODB program. Finally, our results were obtained
within the context of an organized system of stroke care and may
not be generalizable to other settings.
This study is based on recent stroke care, and many indicators of
best practice care may have improved in the meantime. In a more
current report on stroke care in Ontario, stroke unit care and carotid
imaging among stroke/TIA patients improved, and provided insights
into trajectories where further improvement is needed.28 During the
period of our study, early supported discharge (ESD) was not
available in the province of Ontario, and so it is not unexpected that
transitions involving home care had a lower prevalence of many best
practices that are part of ESD programs.

CONCLUSIONS
In conclusion, we have identified six main trajectories
following a first-ever stroke/TIA. Significant variability in age,
severity of stroke, presence of co-morbidities, pre-morbid
functioning and quality of care exists across these trajectories.
Our population-based observational study provides estimates
of adherence to several best practices useful for stroke system
planning in Ontario as well as for other countries/regions with
a formalized stroke system. Future analysis with this cohort will
examine which trajectories and elements of care are associated
with the best one-year outcomes.
We also identified four areas for improvement in stroke care:
1. Individuals discharged home directly from the ED where the
majority are considered TIA patients and at high risk for
stroke require more consistent access to diagnostic imaging
and dysphagia screening.
2. Patients in trajectories that include admission to hospital
should have increased access to stroke units.
3. A large percentage of patients transitioning to LTC could
potentially benefit from inpatient rehabilitation.
4. Discharge planning should include organization of timely
follow-up with a physician familiar with secondary stroke
prevention, particularly among patients discharged directly
from the ED.
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