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ABSTRACT:Background: Limited evidence exists regarding care pathways for stroke survivors who do and do not receive poststroke spasticity
(PSS) treatment. Methods:Administrative data was used to identify adults who experienced a stroke and sought acute care between 2012 and
2017 in Alberta, Canada. Pathways of stroke care within the health care system were determined among those who initiated PSS treatment
(PSS treatment group: outpatient pharmacy dispensation of an anti-spastic medication, focal chemo-denervation injection, or a spasticity
tertiary clinic visit) and those who did not (non-PSS treatment group). Time from the stroke event until spasticity treatment initiation, and
setting where treatment was initiated were reported. Descriptive statistics were performed. Results:Health care settings within the pathways of
stroke care that the PSS (n= 1,079) and non-PSS (n= 22,922) treatment groups encountered were the emergency department (86 and 84%),
acute inpatient care (80 and 69%), inpatient rehabilitation (40 and 12%), and long-term care (19 and 13%), respectively. PSS treatment was
initiated amedian of 291 (interquartile range 625) days after the stroke event, andmost often in the community when patients were residing at
home (45%), followed by “other” settings (22%), inpatient rehabilitation (18%), long-term care (11%), and acute inpatient care (4%).
Conclusions: To our knowledge, this is the first population based cohort study describing pathways of care among adults with stroke who
subsequently did or did not initiate spasticity treatment. Areas for improvement in care may include strategies for earlier identification and
treatment of PSS.

RÉSUMÉ: Protocoles de soins post-AVC et traitement de la spasticité : une étude rétrospective en Alberta. Contexte : Il existe peu de
preuves concernant les protocoles de soins (care pathways) destinés aux survivants d’un AVC qui bénéficient ou non d’un traitement contre la
spasticité post-AVC (SPAVC). Méthodes :Des données administratives ont été utilisées pour identifier les adultes victimes d’un AVC qui ont
nécessité des soins aigus entre 2012 et 2017 en Alberta (Canada). Les protocoles de soins de l’AVC dans le système de santé ont été déterminés
parmi les patients ayant initié un traitement contre la SPAVC (groupe de traitement SPAVC : dispensation en pharmacie ambulatoire d’un
médicament antispastique, injection focale de chimio-dénervation ou visite dans une clinique tertiaire de spasticité) et parmi ceux ne l’ayant
pas fait (groupe de traitement non SPAVC). Le temps écoulé entre l’AVC et le début du traitement de la spasticité, ainsi que le lieu où le
traitement a été initié, ont été consignés. Mentionnons aussi que des analyses statistiques descriptives ont été effectuées. Résultats : Les
contextes cliniques où les groupes de traitement SPAVC (n = 1079) et non-SPAVC (n = 22 922) ont été soignés étaient respectivement les
services d’urgence (86 % et 84 %), les soins hospitaliers aigus (80 % et 69 %), la réadaptation en milieu hospitalier (40 % et 12 %) et les soins de
longue durée (19 % et 13 %). Un traitement contre la SPAVC a été initié enmoyenne 291 jours (EI : 625) après un AVC, le plus souvent dans la
communauté lorsque les patients résidaient à domicile (45 %), suivi par d’autres contextes cliniques (22 %), la réadaptation en milieu
hospitalier (18%), les soins de longue durée (11%) et les soins aigus enmilieu hospitalier (4 %). Conclusions :Ànotre connaissance, il s’agit de
la première étude de cohorte basée sur la population décrivant les protocoles de soins chez des adultes victimes d’un AVC qui ont ou n’ont pas
entrepris un traitement contre la spasticité. À cet égard, les domaines d’amélioration des soins pourraient inclure des stratégies d’identification
et de traitement plus précoces de la spasticité.
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Introduction

Stroke is a common neurological disease resulting from a sudden
loss of brain function by a brain blood vessel blockage or rupture
that leads to neuronal cell death.1 This disease is the third leading
cause of death in Canada and a leading cause of disability.2,3 Access
to timely and appropriate care, treatment, and rehabilitation is
crucial for optimal recovery, as more than two thirds of stroke
survivors develop poststroke sequelae, including spasticity that
imposes a substantial burden on people living with poststroke
spasticity (PSS) and their caregivers.4–6 As defined by Li et al.
(2021), “spasticity is manifested as velocity- and muscle length-
dependent increase in resistance to externally imposed muscle
stretch. It results from hyperexcitable descending excitatory
brainstem pathways and from the resultant exaggerated stretch
reflex responses. Other related motor impairments, including
abnormal synergies, inappropriate muscle activation, and anoma-
lous muscle coactivation, coexist with spasticity and share similar
pathophysiological origins.”7 Reports indicate that 25 to 40% of
stroke survivors may develop PSS, with 2 to 13% experiencing
disabling spasticity (defined as imposing a negative impact on well-
being) where there is a need for intervention.4,8While the timing of
PSS development varies widely, a recent systematic review and
meta-analysis found that the incidence of PSS was highest in the
first month after a stroke (32%), and changed little after 3 months
(26% in 3–6 months, 24% beyond 6 months)8; development of
spasticity at 12 months is considered infrequent.9

Early recognition of PSS that may be facilitated by the
identification of risk factors such as moderate-to-severe paresis
and sensory disorder,8 and timely management may reduce the
risk of secondary maladaptation and impairment (e.g., restricted
joint mobility, stiffness and pain), with potential improvements in
function, long-term health, and quality of life.6,10 Although not all
persons with spasticity require treatment, it is widely acknowl-
edged that treatment of disabling or problematic PSS is beneficial.6

Various strategies for the management of PSS include rehabili-
tation by a specialized interdisciplinary team (e.g., physiatrists,
nurses, physical therapists and occupational therapists), pharma-
cological management (baclofen, tizanidine, dantrolene, focal
chemo-denervation) and surgical intervention.11,12 However,
limited evidence exists on health care system pathways of care
experienced by stroke survivors who subsequently do or do not
receive spasticity treatment.

The objective of this study was to describe the care pathways for
stroke survivors who subsequently did and did not receive
treatment for PSS in Alberta, Canada using high quality population
based data; time to PSS treatment initiation and the setting where
treatment was initiated were also described. Subgroup analysis was
performed based on time to initiation of spasticity treatment
classified according to defined timepoints after stroke (e.g., <3
months, 3–6 months, 6–12 months, >12 months).13

Methods

The institutional review board at the University of Alberta
approved this study (Pro00093914), which used retrospective
administrative data without any direct intervention or personal
identifiable information; informed consent was waived. This study
is reported according to the Strengthening the Reporting of
Observational Studies in Epidemiology guidelines.14

Study design

A retrospective, observational, population based cohort study was
conducted using administrative health data from Alberta between
April 1, 2002 and March 31, 2020 that included adults who
experienced a stroke in the community and sought acute care
between April 1, 2012 and March 31, 2017 (inclusion period), a
3-year poststroke follow-up period, and a look-back period as far
back as April 1, 2002.

Data source

Canadian provinces provide publicly funded health care for all
residents. In Alberta, the fourth most populous Canadian province
(3.9 to 4.2 million people [2012 to 2017]), health care is
administered under the Alberta Health Care Insurance Plan
(AHCIP), of which over 99% of Albertans participate.15 Each
participant is assigned a unique person-level identifier (Personal
Health Number); this was used to link individuals across datasets.
Data from the Discharge Abstract Database (DAD), National
Ambulatory Care Reporting System (NACRS), National
Rehabilitation Reporting System (NRS), Alberta Continuing
Care Information System (ACCIS), Millennium Scheduler,
Virtual Address eXention (VAX), Practitioner Claims,
Pharmaceutical Information Network (PIN), and Vital Statistics
were linked to the Population Registry that contains demographic
information for all Albertans with AHCIP coverage. DAD and
NACRS include data on patients discharged from hospitals and
facility-based ambulatory care settings including emergency
departments (ED), respectively; a most responsible diagnosis code
and secondary codes are included. NRS contains data from adult
inpatient rehabilitation facilities; while submission of data is not
required in Alberta, all major stroke rehabilitation units within the
province submit data as part of the Alberta Health Services
pathway for stroke care. Long-term care information was accessed
from ACCIS. At the time of this study, there were two specialized
spasticity tertiary clinics in Alberta, one located in Calgary (visit
information captured inMillennium Scheduler) and one located in
Edmonton (visit information captured in VAX). Practitioner
Claims includes information on fee-for-service, alternative pay-
ment plan billing, and shadow billing. PIN contains information
on dispensed prescription medications from all community
pharmacies. Information on deaths was obtained from Vital
Statistics.

Cohort selection

Adults (≥18-years) who experienced a stroke in the community
and sought acute care (ED or hospital) between April 1, 2012 and
March 31, 2017 (inclusion period) were considered for inclusion in
the study; those who had AHCIP coverage ≥2-years before, and
coverage ≥3-years after the index stroke event (first stroke within
the inclusion period) or until death, whichever occurred first, were
included in the overall cohort. Stroke was defined as an
International Classification of Diseases, Tenth Revision –
Canadian Enhancement (ICD-10-CA) G08, I60, I61, I62.9, I63,
I64, I67.6 or H34.1 code occurring within the most responsible
diagnostic field.16 Transient ischemic attacks were not included;
strokes that occurred during the acute care episode were also not
included as individuals with a complication of stroke occurring
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in-hospital have different characteristics from those experiencing
stroke in the community.16–18

Those who initiated treatment for PSS (first outpatient
pharmacy dispensation of an anti-spastic medication [baclofen,
tizanidine or dantrolene], first focal chemo-denervation [botu-
linum toxin] injection [inpatient or outpatient], or first of ≥2
spasticity tertiary clinic visits after the index stroke event, with
none of these treatments occurring during the 2-years before) up to
March 31, 2019 were included in the PSS treatment group; see
Supplementary Table 1 for details. Subgroups included those who
initiated spasticity treatment during defined timepoints after the
index stroke event that included acute (<3 months; 3–6 months)
and chronic (6–12 months; 12–36 months; >36 months) phases.13

Those who did not receive treatment for spasticity after the stroke
event were included in the non-PSS treatment group. To our
knowledge, there is currently no validated case-finding algorithm
to identify spasticity within administrative health data. Therefore,
individuals in the non-PSS treatment group encompassed those
who did not develop spasticity, along with those who developed
spasticity but did not require intervention, or developed disabling
spasticity and did not receive any intervention or received
treatment that could not be identified within administrative
health data (e.g., non-publicly funded community-based
rehabilitation).

Study measures

Characteristics were presented for the overall cohort and by PSS
treatment status, as well as by time to initiation of PSS treatment.
Baseline characteristics determined on the stroke index date
included age, sex, urban or rural residence,19 and stroke type. The
Charlson Comorbidity Index score was determined during the
2-year pre-index period that included 17 different specific medical
conditions weighted according to their potential for influencing
mortality20; see Supplementary Table 2. Those who experienced a
previous stroke as far back as April 1, 2002 were also reported.
After the index stroke event, those who experienced a subsequent
stroke were reported, as well as those who died up to March 31,
2020. For those in the PSS treatment group who initiated treatment
≥12 months after the index stroke, additional conditions that are
known to cause spasticity (traumatic brain injury, spinal cord
injury, myelopathy, multiple sclerosis and transverse myelitis)
were identified between the index stroke event and the date of PSS
treatment initiation (see Supplementary Table 3 for details).21–23

Pathways of stroke care within the health care system were
determined during the 3-year period after the index stroke event or
until death, whichever occurred first. Each pathway began within
the health care setting where the index stroke was diagnosed and
continued within and across the ED, acute inpatient care, inpatient
rehabilitation, and/or long-term care. A pathway of care ended
when a patient was discharged home, died or within the setting
they were residing other than home at the end of the 3-year period,
whichever occurred first. Admission to acute inpatient care,
inpatient rehabilitation or long-term care within 3-days after
discharge from the ED were considered a continuation in the
pathway.17 Also, if a patient was discharged from acute inpatient
care and then (re)admitted (to acute inpatient care, inpatient
rehabilitation or long-term care) within 28-days, this was
considered a continuation in the pathway.17,24

The pathway of care setting where PSS treatment was initiated,
and timing (number of days) from the index stroke event until
treatment initiation were reported. As dispensations for baclofen,

tizanidine and dantrolene could only be determined in the
outpatient setting, the number of individuals who initiated these
medications ≤30-days after discharge from an inpatient setting
within their pathway of stroke care was reported to estimate the
number of individuals who may have initiated treatment earlier
than identified after their index stroke, potentially within an
inpatient setting.

Statistical analysis

Descriptive statistics were reported as counts and percentages, and
means and standard deviations (SD) or medians and interquartile
ranges (IQR), where appropriate. Analyses were performed using
SAS 9.4 software. In accordance with data custodian privacy
standards, outcomes with one to nine individuals were reported as
<10, and associated results censored (e.g., presented as a range) so
that the number of individuals (e.g., one to nine) could not be
calculated.

Results

Subject selection

Among the 26,505 adults who had a stroke during the inclusion
period, 24,307 met criteria for the stroke cohort (Figure 1). Within
this cohort, 22,922 were included in the non-PSS treatment group,
and of the 1,164 individuals who initiated spasticity treatment after
the index stroke event, 1,079 were included in the PSS treatment
group (Figure 1). Spasticity treatment was initiated within 3
months for 19%, 3–6months for 18%, 6–12months for 20%, 12–36
months for 29% and >36 months for 14% of individuals in the PSS
treatment group (Figure 1). Of the 469 individuals who initiated
spasticity treatment ≥12 months after the index stoke event, 6%
(n= 28) were identified as having an additional condition other
than stroke (between the index stroke event and initiation of
spasticity treatment) that may cause spasticity (see Supplementary
Table 3).

Characteristics

Overall, on the date of the index stroke event (ischemic stroke:
82%; hemorrhagic stroke: 18%), the mean age of the total cohort
was 70 (SD 16) years (non-PSS treatment group was 70 [SD 16]
years; PSS treatment group was 61 [SD 15] years), 49% were
females and 51%were males, a majority lived in urban areas (86%),
and the mean Charlson Comorbidity Index score was 1.5 (SD 2.1)
(Table 1). Mortality at 3-years after the index stroke event was 10%
in the PSS treatment group and 33% in the non-PSS treatment
group. Characteristics of the PSS treatment subgroups are
presented in Supplementary Table 4.

Pathways of stroke care

Overall, 84% (n= 20,419) of patients who experienced a stroke in
the community started their care pathway in the ED and 16%
(n= 3,888) started in acute inpatient care (see Supplementary
Figure 1). The vast majority of those who started their pathway in
acute inpatient care (where stroke was first listed in the most
responsible diagnostic field) were admitted through the ED
(92%; n= 3,574).

The most common health care settings within the pathways of
stroke care that the non-PSS treatment group encountered were
the ED (84%), followed by acute inpatient care (69%), long-term
care (13%) and inpatient rehabilitation (12%) (Supplementary
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Figure 2). Regarding specific pathways of stroke care, many
different combinations and sequences of pathways existed
(Supplementary Figure 2). Outlined in Figure 2, the five most
common pathways of care experienced by 74% of the non-PSS
treatment group included: 1) ED to acute inpatient care (32%,
n= 7,453), 2) ED only (19%, n= 4,272), 3) acute inpatient care
only (10%, n= 2,344), 4) ED to acute inpatient care to acute
inpatient rehabilitation (∼8%, n= 1,817 to 1,835), and 5) ED to
acute inpatient care to long-term care (5%, n= 1,073). The
remaining 26% of care pathways included a number of ‘other’
pathways (different and often complicated pathways that had very

few individuals within each; 20%, n= 4,643), those that began in
acute inpatient care and then either moved through inpatient
rehabilitation (2%, n= 367) or to/through long-term care (2%,
n= 406), and those that began in the ED and moved to/through
long-term care (2%, n= 519 to 537) (Figure 2; detailed in
Supplementary Figure 2).

Within the PSS treatment group, the most common health care
settings that patients encountered within the pathways of stroke
care were the ED (86%), acute inpatient care (80%), inpatient
rehabilitation (40%) and long-term care (19%) (Supplementary
Figure 3). Outlined in Figure 3, the six most common pathways of

Figure 1. Cohort selection. Abbreviations: AHCIP = Alberta Health Care Insurance Plan; ED= emergency department; HOS = hospitalization; PSS = poststroke spasticity.
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Table 1. Characteristics of the cohort

Overall cohort Non-PSS treatment group PSS treatment group

(N= 24,307) (N= 22,922) (N= 1,079)

Baseline demographic characteristics

Age (years)

Mean (SD) 70 (16) 70 (16) 61 (15)

Median (IQR) 72 (23) 72 (23) 61 (20)

Category, n (%)

18–29 369 (1.5) 342 (1.5) 21 (2.0)

30–39 772 (3.2) 692 (3.0) 63 (5.8)

40–49 1552 (6.4) 1370 (6.0) 136 (12.6)

50–59 3668 (15.1) 3312 (14.5) 258 (23.9)

60–69 4761 (19.6) 4412 (19.3) 282 (26.1)

70–79 5485 (22.6) 5236 (22.8) 199 (18.4)

80–89 5821 (24.0) 5701 (24.9) 102 (9.5)

90þ 1879 (7.7) 1857 (8.1) 18 (1.7)

Sex: n (%)

Female 11,813 (48.6) 11,112 (48.5) 517 (47.9)

Male 12,494 (51.4) 11,810 (51.5) 562 (52.1)

Residence location, n (%)

Urban 20,947 (86.2) 19,714 (86.0) 956 (88.6)

Rural 3360 (13.8) 3208 (14.0) 123 (11.4)

Baseline Charlson Comorbidity Index

Score

Mean (SD) 1.5 (2.1) 1.5 (2.1) 1.2 (1.8)

Median (IQR) 1 (2) 1 (2) 1 (2)

Category, n (%)

CCI = 0 or no comorbid condition 10,412 (42.8) 9762 (42.6) 536 (49.7)

CCI = 1-2 or mild comorbidity 8923 (36.7) 8428 (36.8) 370 (34.3)

CCI = 3-4 or moderate comorbidity 2835 (11.7) 2688 (11.7) 100 (9.3)

CCI ≥5 or severe comorbidity 2137 (8.8) 2044 (8.9) 73 (6.8)

Stroke

Previous stroke, n (%)

Experienced a previous stroke 2547 (10.5) 2346 (10.2) 147 (13.6)

Index stroke, n (%)

Ischemic stroke 20,017 (82.4) 18,892 (82.4) 875 (81.1)

Hemorrhagic stroke 4290 (17.7) 4030 (17.6) 204 (18.9)

Subsequent stroke, n (%)

Experienced ≥1 subsequent stroke 1320 (5.4) 1249 (5.5) 49 (4.5)

Days to earliest recurrent stroke, median (IQR) 626 (981) 619 (981) 892 (1091)

Experienced ≥2 subsequent strokes 152 (11.5) 145 (11.6) <10 (NA)

Mortality

Died after the index stroke, n (%)

Within 3-years after the index stoke event 7628 (31.4) 7489 (32.7) 106 (9.8)

Up to March 31, 2020 10,084 (41.5) 9795 (42.7) 233 (21.6)

Days to death, median (IQR) 289 (1059) 258 (1031) 1185 (1176)

Note: CCI= Charlson Comorbidity Index; IQR= interquartile range; NA= not applicable; PSS= poststroke spasticity; SD= standard deviation.
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care experienced by 74% of the PSS treatment group included:
1) ED to acute inpatient care to inpatient rehabilitation (27%,
n= 288), 2) ED to acute inpatient care (∼16%, n= 166 to 182),
3) ED only (15%, n= 167), 4) ED to acute inpatient care to long-
term care (∼6%, n= 55 to 73), 5) acute inpatient care only (5%,
n= 55 to 65), and 6) acute inpatient care to inpatient rehabilitation
(5%, n= 52). The remaining 26% of stroke pathways included a
number of “other” pathways (∼22%, n= 235 to 251), and those
that began in either the ED or acute inpatient care and ended with a
transition to long-term care (2% each) (Figure 3; detailed in
Supplementary Figure 3).

Spasticity treatment

Spasticity treatment was most commonly initiated in the
community setting (45% of the PSS treatment group started when
residing at home; Table 2), particularly in the chronic phases of
stroke recovery (>6-months poststroke; Supplemental Table 3).
Treatment during the acute phases of stroke recovery (<6-months

poststroke) was most often initiated within the inpatient
rehabilitation setting (41% at<3-months poststroke and 35% at
3–6 months poststroke; Supplementary Table 5).

Overall, spasticity treatment was initiated a median of 9.5
months (291 [IQR 625] days) after the index stroke event, and
ranged from a median of 3 months (95 [IQR 234] days) (acute
inpatient care) to 15 months (452 [IQR 875] days) (“other” care
setting) across the different health care settings (Table 2). Among
the specific pathways of stroke care, those individuals who were
discharged home after care in the ED only (n= 93) or acute
inpatient care only (n= 52) initiated spasticity treatment the
longest after the index stroke event (between 18 and 23 months;
median 555 [IQR 902] days to 691 [IQR 1,061] days)
(Supplementary Figure 3); 8% (n= 12) of these individuals were
identified as having an additional condition other than stroke
(between the index stroke event and initiation of spasticity
treatment) that could cause spasticity (see Supplementary Table 3).

Less than 4% (n= 41) of individuals within the PSS treatment
group initiated baclofen, tizanidine or dantrolene ≤30-days after

Figure 2. Poststroke care pathways of the non-PSS treatment group. Solid lines show the most common care pathways, and dotted lines show the less common care pathways.
Other dispositions were discharges other than to home or deaths such as non-acute care or correctional facilities. Other pathways included a number of different and often
complicated pathways that had very few episodes within each pathway; these included those who were still in the care setting at the end of observation period, continued their
pathway with another stoke episode, experienced a pathway other than those listed, or was unknown. Abbreviations: ED = emergency department; PSS = poststroke spasticity.
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discharge from an inpatient setting within their pathway of
stroke care.

Discussion

In this retrospective, observational, population based, cohort study
that included 24,307 adults in Alberta who had a stroke in the
community and sought acute care between 2012 and 2017,
pathways of stroke care within the health care system were
determined overall, and for those who initiated PSS treatment and
those who did not. Among those who underwent PSS treatment,
the time from the stroke event to treatment initiation and the
setting where treatment was initiated were also reported. It was
found that themajority of adults who did not receive PSS treatment
moved through five main pathways of stroke care, and those who
received PSS treatment moved through six. Among those who
underwent PSS treatment, most initiated treatment 9.5 months
after the index stroke event, while residing in the community
setting.

Disabling or problematic spasticity after stroke can impose a
significant burden on an individual, negatively impacting function
and health-related quality of life.5,6,25 However, studies investigat-
ing the incidence of disabling PSS where there is a need for
intervention are scarce.8 Lundström et al. (2010) evaluated 49
adults with a first-ever stroke and found that disabling PSS was
present in 2% of patients at 1-month and 13% at 6 months.26 In the
current study, 5% of people who experienced a stroke subsequently
initiated pharmacotherapy or visited a specialized clinic for the
treatment of spasticity1; this may under-represent the number of
individuals who initiated PSS treatment, as non-publicly funded
community-based rehabilitation (e.g., physical therapy, occupa-
tional therapy) was not available for measurement in this study.

Pathways of care for stroke survivors have been previously
reported in Canada. Among those who experienced a stroke
between 2006 and 2010 in Ontario, the most common pathways of
care were similar to those found for the overall cohort in the

Figure 3. Poststroke care pathways of the PSS treatment group. Solid lines show themost common care pathways, and dotted lines show the less common care pathways. Other
dispositions were discharges other than to home or deaths such as non-acute care or correctional facilities. Other pathways included a number of different and often complicated
pathways that had very few episodes within each pathway; these included those who were still in the care setting at the end of observation period, continued their pathway with
another stoke episode, experienced a pathway other than those listed, or was unknown. Abbreviations: ED = emergency department; PSS= poststroke spasticity.

1Calculation: (1,164 initiated PSS treatment / 24,307)*100= 4.8%
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current study.17 Among those who initiated PSS treatment in this
study, the most common pathways of stroke care included
inpatient rehabilitation, of which 40% experienced this health care
setting, and where PSS treatment was most often initiated during
the acute phases of stroke recovery (<6-months poststroke). The
2019 Canadian best practice recommendations for stoke advise
that inpatient rehabilitation is indicated for patients with
moderate-to-severe stroke.11 A recent systematic review and
meta-analysis found that one of the most significant risk factors for
the development of PSS is moderate-to-severe paresis, and
Katoozian et al. (2018) reported that PSS is more common in
persons with lower functional abilities.8,27 Therefore, it is plausible
that a number of stroke survivors who developed PSS in this study
had moderate-to-severe stroke sequelae and were managed
according to best practice; however, this cannot be confirmed
without clinical evaluative data.

Early identification and timely management of disabling or
problematic spasticity has been suggested, which may provide
better motor and functional outcomes, as spasticity has been
implicated in secondary maladaptation and impairment such as
restricted joint mobility, stiffness and pain.6,10 Although the
incidence of PSS has been shown to be highest in the first month,
there is currently no consensus on the timeframe that defines early
treatment for spasticity.11,28,29 The 2019 Canadian best practice
recommendations for stroke define therapies delivered within
6-months post stroke as early interventions, and define those
delivered more than 6-months post stroke as late interventions.11

In the current study, 37% of individuals who received spasticity
treatment started within the first 6-months after the stroke event,

and 63% started more than 6-months post stroke. Those who
initiated spasticity treatment a median of greater than 6-months
post stroke moved through the ED (84%), acute inpatient care
(81%), inpatient rehabilitation (36%), and/or long-term care (9%)
before starting treatment while residing at home (58%), “other”
care settings or pathways (24%) or long-term care (19%). As the
majority of individuals initiated spasticity treatment more than
6-months post stroke andmoved through various acute health care
settings before starting treatment in this study, earlier identi-
fication and treatment of PSS may be beneficial; this may include
strategies such as instituting a post stroke screening assessment for
spasticity into stages of care. A number of screening assessments
have been developed for PSS10,30,31; evaluation of the implementa-
tion of these tools across the continuum of acute care is needed to
ensure they are useful and optimize management and outcomes.

Care pathways of stroke for individuals who initiated PSS
treatment the longest after their index stroke event included the ED
only (spasticity treatment initiated a median of 18 months after
stroke in 93 individuals) or acute inpatient care only (spasticity
treatment initiated a median of 23 months after stroke in 52
individuals) before being discharged home. A clinical review
conducted by Chang et al. (2018) and the 2019 Canadian best
practice recommendations for stroke indicate that discharge from
the ED may be a safe and effective strategy for some forms of mild
stroke without disabling deficits (after careful evaluation and
screening for rehabilitation requirements and the appropriate
setting for rehabilitation), and early-supported discharge from
acute inpatient care is beneficial for some patients with mild
impairments.11,32 Although not reported as a common risk factor
for the development of spasticity, it is possible that these
individuals experienced a mild stroke, did not have significant
deficits at the outset, and were managed appropriately in the acute
care setting. Considering the lengthy period of time these
individuals were residing at home before PSS treatment was
initiated, it is likely that a delay in the identification and/or
management of PSS occurred within the community setting. It is
also possible that disabling spasticity did not develop until the
chronic phase of stroke recovery and was treated within a timely
manner; however, this is less likely as development of spasticity at
12 months poststroke is considered infrequent.9

There may be a number of potential opportunities to improve
earlier identification and/or management of PSS within the
outpatient setting. Results from a survey of primary care physicians
across Canada found that only 32% felt adequately trained to
recognize spasticity, and the vast majority were unable to identify
evidence-based best practice recommendations for the manage-
ment of spasticity.33 Additionally, wait times for access to spasticity
tertiary clinics in Alberta are approximately 4months.34 Therefore,
PSS education and training are needed in primary care, as well as
investment to improve timely access to spasticity tertiary clinics
with fully resourced specialized interdisciplinary teams.
Recognizing the strain on primary care in the current Canadian
healthcare system,35 another option that may help improve
identification of PSS are patient-facing educational resources for
self-recognition of spasticity. Also, many individuals will have
follow-up with outpatient stroke prevention clinics in the months
after their stroke, so educating healthcare providers who work in
this setting on the recognition of spasticity and potential
interventions may be useful in promoting earlier treatment.
Similarly, education of clinicians working in long-term caremay be
beneficial, as 19% of those who initiated spasticity treatment a
median of greater than 6-months post stroke were residing in long-

Table 2. Initial poststroke spasticity treatment

PSS treatment group

(N= 1,079)

Time between the index stroke and initial treatment, days

Overall, n (%) 1,079 (100)

Mean (SD) 500 (520)

Median (IQR) 291 (625)

Care setting

Acute inpatient care, n (%) 42 (3.9)

Mean (SD) 240 (359)

Median (IQR) 95 (234)

Inpatient rehabilitation, n (%) 199 (18.4)

Mean (SD) 207 (332)

Median (IQR) 101 (110)

Long-term care, n (%) 115 (10.7)

Mean (SD) 389 (401)

Median (IQR) 242 (413)

Home, n (%) 484 (44.9)

Mean (SD) 595 (516)

Median (IQR) 427 (704)

Other, n (%) 239 (22.1)

Mean (SD) 649 (603)

Median (IQR) 452 (875)

Note: IQR= interquartile range; SD= standard deviation.
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term care when treatment was initiated in this study. Lastly, as
many individuals receive a prescribed medication regimen to
prevent recurrent stroke and adverse outcomes, training pharma-
cists to inquire about whether an individual has received
assessment for spasticity may support earlier identification of
PSS. All in all, this study points to the fact that there are
considerable opportunities for education of individuals and many
care providers about spasticity. Assessment of these strategies is
necessary to confirm their utility in the outpatient setting.

This study has several important strengths, including the large
size and population based design. However, this study is also
subject to limitations that should be taken into consideration when
interpreting results. While retrospective administrative claims-
based studies use administrative data as opposed to medical
records, creating potential for misclassification of study cohorts or
outcomes, an established case definition was used to identify the
study cohort, and pathways of care were found to be similar to
others.16,17 However, Hall et al. (2016) found that the accuracy of
administrative data for the identification of stroke was greater in
inpatient data (sensitivity: 82%; positive predictive value [PPV]:
69%) than ED data (sensitivity: 57%; PPV: 59%) (36); therefore, it is
likely that some individuals in the non-PSS treatment group who
only visited the ED in this study (10% of the total cohort; n= 2,344)
may have had a condition that mimicked stroke symptoms.
Although all major stroke rehabilitation units in Alberta report
data to the NRS, it is possible that some individuals from smaller
inpatient rehabilitation units were not reported to the NRS, and
therefore may have only been identified as being within acute
inpatient care (identified through mandatory reporting in the
DAD) in the study. Non-publicly funded community-based
rehabilitation was not captured within provincial administrative
data, and therefore not included; as a result, the number of
individuals who initiated PSS treatment may be somewhat greater
than reported. Information on hospital-based pharmacy dispen-
sations were not available at the time of this study. This data
limitation potentially impacted up to 4% of the PSS treatment
group; a few may have initiated baclofen, tizanidine or dantrolene
earlier after their index stroke within an inpatient setting (as
opposed to the community setting). PIN only provides informa-
tion on prescription medication dispensations from community
pharmacies, and therefore may not represent actual medication
uptake by individuals.

Conclusions

To our knowledge, this is the first population based cohort study
describing health system pathways of care among adults with
stroke who sought acute care and subsequently did or did not
initiate spasticity treatment. Findings indicate that strategies to
increase earlier identification and management of spasticity across
the continuum of care for stroke survivors merit further study, and
may include spasticity screening assessments, patient-facing
educational resources for self-recognition of spasticity, education
and training for health care providers (e.g., primary care, stroke
prevention clinics, long-term care, pharmacists) and timely access
to fully resourced interdisciplinary spasticity tertiary clinics teams.
With that said, the identification of barriers to the early
identification and management of PSS is required prior to
advocating for any given strategy or intervention.
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