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Do All Age Groups Benefit From Organized Inpatient
Stroke Care?

Gustavo Saposnik, MD, MSc, FAHA; Moira K. Kapral, MD, FRCPC; Shelagh B. Coutts, MD, FRCPC;
Jiming Fang, PhD; Andrew M. Demchuk, MD, FRCPC; Michael D. Hill, MD, DSc, FRCPC; on behalf of
the Investigators of the Registry of the Canadian Stroke Network (RCSN) for the Stroke Outcome
Research Canada (SORCan) Working Group

Background and Purpose—Organized inpatient stroke care consists of a multidisciplinary approach aimed at improving
stroke outcomes. It is unclear whether elderly individuals benefit from these interventions to the same extent as younger
patients. We sought to determine whether the reduction in mortality or institutionalization seen with organized stroke
care was similar across all age groups.

Methods—This was a case—cohort study of patients with acute ischemic stroke seen between July 2003 and March 2005
and captured in the Registry of the Canadian Stroke Network. After stratifying by age category, we assessed for evidence
of effect modification by age on the reduction in stroke fatality associated with stroke unit/organized care.

Results—Among 3631 patients with ischemic stroke, stroke case-fatality at 30 days was lower for patients admitted to a
stroke unit compared with those admitted to general medical wards (10.2% versus 14.8%; P<<0.0001 with an absolute
risk reduction=4.6%, number needed to treat=22). All age groups achieved a similar benefit of stroke unit care versus
general medical ward care (absolute risk reduction for 30-day stroke fatality was 4.5% for <60 years; 3.4% for 60 to
69 years; 5.3% for 70 to 79 years; and 5.5% for those >80 years). Increasing levels of organized care were associated
with lower stroke fatality or institutionalization. The beneficial effect of stroke units/organized care on survival was seen
even after adjustment for multiple prognostic factors and after excluding patients on palliative approach. There was no
evidence of effect modification by age in any analyses.

Conclusions—Stroke units and organized inpatient care reduce death or institutionalization with the same magnitude of
effect across all age groups. (Stroke. 2009;40:3321-3327.)
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rganized inpatient care has been proven to decrease

morbidity and mortality after stroke.!?> A meta-analysis
published by the Stroke Unit Trialists’ Collaboration confirmed
reductions in death and disability with organized stroke care;
however, it was noted that there is heterogeneity in the defini-
tions and components responsible for such benefit.> According
to the Stroke Unit Trialists’ Collaboration, the most important
components of organized stroke care are thought to be physio-
therapy, occupational therapy, assessment by a stroke neurolo-
gist, and admission to a stroke unit with stroke-directed nursing
care.? Previous research has shown that more intensive stroke
care (including stroke unit admission, physiotherapy, occupa-
tional therapy, assessment by a stroke neurologist) is associated

with reductions in stroke case fatality.* However, it is not known
whether the benefits derived from organized stroke care are
similar across all age groups in the “real world” and especially
in the very elderly in whom the probability of death and
disability after stroke is particularly high.>¢

An aging population®-® and a dearth of stroke units in
Canada (and elsewhere) is expected to lead to a significant
gap between the required and the available stroke services,
particularly for elderly patients. Because stroke in the elderly
has such a high mortality rate and poor prognosis compared
with stroke in the young, we were interested to confirm
whether there was a differential benefit of stroke unit and
organized inpatient care by age.
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We used data from the Registry of the Canadian Stroke
Network (RCSN) to evaluate the association between age and
the magnitude of benefit from organized inpatient stroke care
in the “real-world setting.”

Methods

The RCSN collects detailed clinical data on patients with acute
stroke and transient ischemic attack seen in the emergency depart-
ment or admitted to a hospital in the provinces of Ontario and Nova
Scotia, Canada.® Chart abstraction is performed during and after the
hospital admission by trained neurology research nurses using
custom software. Chart abstraction studies have shown excellent
agreement within the RCSN database with k scores of >0.8 for key
variables (age, sex, stroke type, thrombolysis use, comorbid condi-
tions).” For the present study, we used data from Phase 3 of the
RCSN and included all consecutive patients with acute ischemic
stroke seen at 11 Ontario stroke centers between July 1, 2003, and
March 31, 2005. The RCSN database was linked to the Ontario
Registered Persons Database to capture all-cause mortality after
stroke both during and after hospitalization.”-!!

For the analyses, age was categorized into 4 groups: <60 years,
age 60 to 69 years, age 70 to 79 years, and age =80 years. We used
the Charlson-Deyo index to quantify patients’ comorbidities.!? This
index is a summary score based on the presence or absence of 17
medical conditions. A score of zero indicates that no comorbidities
are present and higher scores indicate a greater burden of comorbid-
ity.!3:14 Stroke severity was assessed by using the Canadian Neuro-
logical Scale (CNS).!>-1¢ A stroke unit was defined as a geographi-
cally located hospital unit with a dedicated stroke team and stroke
resources (eg, care pathway, educational materials, and monitored
beds). A stroke team was defined as a multidisciplinary group of
stroke specialists, including physicians, nurses, occupational thera-
pists, physiotherapists, and speech language pathologists.

Use of antithrombotic drugs was defined as an exposure to any
antiplatelet or anticoagulant agents during the hospitalization. Pneu-
monia was included as a medical complication if it occurred within
the first 30 days of the hospital stay and was confirmed radiograph-
ically. Palliative care was defined as a physician’s order in the chart
to provide comfort care rather than active medical management at
any point during the hospitalization. Length of stay was defined as
the number of days in the acute care facility from admission to
discharge to the previous place of residence, rehabilitation institu-
tion, or death.

Approval for the RCSN was obtained from the Research Ethics
Board at each participating institution. The design of this study was
approved by the Ethics Review Boards at St Michael’s Hospital and
Sunnybrook Health Sciences Centre as well as by the RCSN publica-
tions committee.

Assessment of Access to Organized Stroke Care
We used the organized care index to categorize exposure to various
stroke services.* The organized care index is a summary score that
assigns a similar weight (1 point) for receipt of each of the following
services: occupational therapy/physiotherapy, stroke team assess-
ment, and admission to a stroke unit. A score of zero indicates that
patients with stroke received none of these services, and higher
scores indicate access to more services. Higher organized care index
scores are inversely associated with stroke fatality.*

Outcome Measures

The primary outcome was all-cause mortality at 30 days after stroke.
Seven-day stroke case-fatality and the composite outcome of 30-day
stroke fatality or institutionalization were secondary outcomes.

Statistical Analysis

First, we assessed the effect of admission to a stroke unit on stroke
fatality in a univariable analysis stratified by age category (=59, 60
to 69; 70 to 79, =80 years). We examined the organized care index,
which is an ordered categorical scale (0 to 3), to assess the relative

magnitude of effect by age category. We report relative risk (RR),
relative risk reduction (RRR), absolute risk reduction (ARR), num-
ber needed to treat (NNT), and 95% ClIs for these comparisons.

X° tests were used to compare categorical variables; analysis of
variance or Kruskal-Wallis tests were used to compare mean and
median differences for continuous variables in baseline characteris-
tics. Stroke severity was categorized a priori as mild (CNS >8),
moderate (CNS 5 to 7), or severe (CNS =4) on the basis of previous
studies.!”-18

We used multivariable logistic regression modeling to evaluate the
association between age group and mortality with adjustment for
stroke unit admission, sex, Charlson index score, and CNS score.
The analysis was repeated with the organized care index in place of
stroke unit admission. Within each of these models, we assessed an
age-by-stroke unit admission and an age-by-organized care index
interaction term using a likelihood ratio test as the principal test of
our hypothesis. In both models, we report the RR of death relative to
the lowest age stratum. RRs were estimated from the predicted
probabilities derived from the logistic regression model. Cls around
the RR point estimates were calculated by bootstrapping.

Because some patients with very severe strokes, unconscious on
arrival, or those with significant comorbid illness may be treated
with a palliative approach, and be both less likely to receive
organized care and more likely to die after stroke, secondary
analyses excluded patients in whom the RCSN database indicated
that they were treated with a palliative approach during their stroke
hospitalization.

Statistical analysis was performed using a commercially available
software package (SAS statistical software, 1999, Version 9.1.3;
SAS Institute Inc, Cary, NC). All tests were 2-tailed, and probability
values <0.05 were considered significant.

Results

The study sample included 3756 patients admitted with an
acute ischemic stroke. Of these, 125 (3%) were excluded
from the analysis due to invalid unique identifiers or missing
data, leaving 3631 patients for analysis. Baseline patient
characteristics are summarized in Table 1. The mean age was
72.0 years; 655 (18%) were <60 years, and 1219 (33.6%)
were >80 years. The oldest group had more comorbid illness,
a greater frequency of severe strokes, and a longer length of
hospital stay compared with their younger counterparts.
Overall, 1739 (47.9%) patients were admitted to a stroke unit.
There were no significant differences in access to stroke
units, assessment by the stroke team or physiotherapists, or in
the mean organized care index score among different age
groups (Table 1). Patients treated with a palliative approach
were less likely than nonpalliative patients to be admitted to
a stroke unit (40% versus 49%, P=0.008). The Supplemental
Table, available online at http://stroke.ahajournals.org sum-
marizes baseline characteristics by organized care index.

Stroke Outcomes by Age Groups: The Impact of
Organized Care

Overall, 30-day stroke fatality was 6.7%, 7%, 10.9%, and
20.2% for age <59, age 60 to 69, age 70 to 79, and those >80
years, respectively. Thirty-day risk-adjusted fatality by stroke
unit admission and organized care index is represented in
Figure 1A-B.

Stroke fatality was lower for patients admitted to a stroke
unit for all age groups (Figure 1A). There was also a gradient
in survival according to escalating access to organized care.
Thirty-day risk-adjusted stroke fatality was 16.6%, 21.9%,
29.1%, and 54.9% for organized care index scores of 3, 2, 1,
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Age Group
Variable Overall <59 60-69 70-79 80+ P Value
Demographic (%) (n=3631) (n=655; 18.0) (n=627; (17.3) (n=1130; 31.1) (n=1219; 33.6)
Gender, female 47.8 37.6 327 46.4 62.3 <0.0001
Charlson index
0-1 65.8 82.3 64.4 62.1 61.0 <0.0001
2 16.4 9.5 17.4 17.7 18.5
3 17.8 8.2 18.2 20.2 20.5
Clinical presentation
CNS score group
<4 12.6 8.0 8.6 13.6 16.4 <0.0001
5-7 31.7 27.0 345 31.1 334
>8 55.7 64.9 57.0 55.3 50.2
Organized care
Physiotherapy 82,5 79.4 82.1 83.6 83.3 0.12
Assessment by stroke team 58.7 62.0 55.7 57.6 59.5 0.10
Admission to stroke unit 47.9 43.7 48.3 48.8 491 0.12
Organized care index (OCl)* 0.19
0Cl=0 7.6 7.8 7.8 7.0 7.9
0Cl=1 23.4 24.3 22.8 24.0 22.6
0Cl=2 394 41.4 42.4 39.1 37.0
0Cl=3 29.7 26.6 27.0 29.9 325
Stroke subtype <0.0002
Lacunar stroke 19 19.9 221 19.8 16.1
Nonlacunar 79.3 77.0 75.5 791 82.7
Unknown 1.7 3.1 2.4 1.1 1.2
Palliative care 9.9 47 5.4 9.0 15.8 <0.0001
Length of hospital stay, mean, days (SE) 16.7 (0.4) 12.1(0.9) 14.6 (0.9) 18.0 (0.8) 19.0(0.7) <0.0001

Numbers in columns represent percentages unless otherwise specified. IQR represents interquartile range.

Charlson index is a summary score based on the presence or absence of 17 medical conditions. A score of zero indicates that no comorbidities are present and
higher scores indicate a greater burden of comorbidity. Patients were categorized as having 0—1, 2, or =3 comorbidities.

The CNS is a validated score to assess stroke severity that range from 1.5 (severe) to 11.5 (mild).

The OCl is a summary score to represent different levels of access to care. 0Cl was classified as having received 0, 1, 2, or 3 of the following services: occupational
therapy or physiotherapy, stroke team assessment, or admission to a stroke unit. OCI of zero indicates that patients with stroke received none of the services, whereas
higher scores indicate access to highly more services. Further explanation is provided in the text and elsewhere.*

Stroke classification according to the Oxfordshire Community Stroke Project classification, ie, TACS, total anterior circulation stroke; PACS, partial anterior circulation

stroke; POCS, posterior circulation stroke; LACI, lacunar stroke.

and 0, respectively. The beneficial effect did not substantially
differ across age groups (Figure 1). Similar beneficial results
were observed for 7-day fatality and stroke mortality at
discharge (data not shown). Tables 2, 3, and 4 summarize the
magnitude of effect of stroke unit admissions or organized care
expressed in ARR, NNT, and RRR by age group. We found
similar benefit in stroke fatality (Tables 2 and 3) and for the
composite outcome of 30-day stroke fatality/institutionalization
(Table 4) among all age categories. There was no evidence of an
interaction effect between age and stroke unit admission.

Of note, the beneficial effect in risk reduction for stroke
units was more pronounced in younger patients with stroke
(Table 2). Similar NNT estimates were observed for patients
receiving higher access to organized care (organized care
index 2 to 3 versus O to 1). For 7-day mortality, NNT was 10,
12, 8 and 6 for those <59, 60 to 69, 70 to 79, and >80 years,
respectively (Table 3).

The secondary analysis showed consistent results on the
benefit of stroke units and organized care after excluding
patients who arrived unconscious or who were palliated
(Figure 2). The benefit of organized care was also appreciated
for patients with moderate/severe stroke (CNS =7; Figure 2)
or mild stroke (data not shown) in all age groups.

In the multivariable analysis, stroke unit care remained an
independent predictor of stroke fatality at 30 days (OR, 0.66;
95% CI, 0.52 to 0.84; c-statistics 0.80) and at 7 days (OR,
0.55; 95% CI, 0.40 to 0.77; c-statistics 0.79), after adjusting
for age, sex, stroke severity, Charlson index, and an age-by-
stroke unit interaction term. The interaction terms examining
age-by-stroke unit were not significant (P=0.98 for 30-day
stroke fatality and P=0.80 for 7-day stroke fatality).

Similar findings were observed for the organized care
index score (organized care index O to 1 versus organized care
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Figure 1. Thirty-day stroke fatality by stroke unit (SU) admis-
sions (A) or by organized care index (B) adjusted for age, gen-
der, and stroke severity. Bars represent the 95% CI. The “orga-
nized care” index (OCI) was classified as having received 0, 1,
2, or 3 of the following services: occupational therapy or physio-
therapy, stroke team assessment, or admission to a SU. Orga-
nized care index of zero indicates that patients with stroke
received none of the services, whereas higher scores indicate
access to highly more services. Note a graded survival improve-
ment with SU admission and higher levels of access to care
(OCI=0 to OCI=3) for all age groups. Further explanation is pro-
vided in the text.

index 2 to 3). For example, higher level of access to organized
care was associated with lower stroke fatality at 30 days (OR,
0.31; 95% CI, 0.24 to 0.40; c-statistics 0.82) and at 7 days
(OR, 0.18; 95% CI, 0.13 to 0.25; c-statistics 0.83). The
interaction terms examining age-by-organized care index
effect were again not significant (P=0.29 for 30-day stroke
fatality and P=0.46 for 7-day stroke fatality).

The benefit was also observed for the composite outcome
of 30-day stroke fatality or institutionalization (for stroke

units admission: OR, 0.79; 95% CI, 0.66 to 0.96; c-statistics
0.80 and for organized care index 2 to 3 versus 0 to 1: OR,
0.58; 95% CI, 0.47 to 0.71; c-statistics 0.82).

In the secondary analysis after the exclusion of patients
treated with a palliative approach, there was no evidence of
an age-by-stroke unit interaction effect, and the effect size
estimates for stroke unit care were not substantially different
(for risk-adjusted stroke fatality at 30 days: OR, 0.67; 95%
CI, 0.47 to 0.85; c-statistics 0.75 and for risk-adjusted stroke
fatality at 7 days: OR, 0.47; 95% CI, 0.27 to 0.82; c-statistics
0.76). Similar findings were observed for organized inpatient
care.

Discussion

Organized care is the current paradigm to optimize stroke
delivery and improve patient outcomes. Because stroke care
is resource-intensive, it is important to identify populations
most likely to benefit from this intervention. The older
segments of the population are growing at an accelerated rate
than that of the world’s total population, a phenomenon called
“population aging.”'® Our study is relevant by showing a
consistent benefit in survival or institutionalization from
stroke unit admission and organized inpatient stroke care
across all age groups. In addition, there was a gradient effect
between the organized care index and stroke fatality among
all age groups (Figure 1). This held true in elderly patients
with moderate/severe stroke (CNS score <7) and was not
mitigated by excluding patients who arrived unconscious or
were palliated.

Previous work has suggested a beneficial effect of special-
ized stroke care among elderly individuals.?%2! In a recent
meta-analysis published by the Stroke Unit Trialists’ Collab-
oration, 6936 participants from 31 trials were analyzed to
assess whether more organized care was consistently associ-
ated with improved outcomes.? Organized inpatient (stroke
unit) care was characterized by: (1) coordinated multidisci-
plinary rehabilitation; (2) staff with a specialist interest in
stroke or rehabilitation; (3) routine involvement of careers in
the rehabilitation process; and (4) regular programs of edu-
cation and training. The authors found that patients with
stroke who receive organized inpatient care in a stroke unit
are more likely to be alive, independent, and living at home
1 year after the stroke. Although the group reported that the
benefit of stroke units was independent of age, the authors
cautioned readers regarding the small number of outcomes,

Table 2. Effect of Stroke Unit Admission on Stroke Fatality and Organized Care on Stroke Outcomes by Age Group

7-Day Stroke Fatality

30-Day Stroke Fatality

Event Rate (%)

Event Rate (%)

Age Group SU (+) SU(—) RR ARR (95% Cl)  RRR, % ARR, % NNT SU(+) SU(-) RR ARR (95% Cl)  RRR, % ARR, % NNT
<59 2.8 7.0 040 0.64(0.46-0.86) 60.3 4.2 24 4.2 8.7 048 0.68(0.51-0.90) 516 45 22
60-69 3.3 6.8 0.49 0.53(0.37-0.74) 514 3.5 29 53 86 061 0.72(0.55-0.94) 389 3.4 30
70-79 3.6 8.8 0.41 0.44(0.32-0.59) 58.8 5.2 19 8.2 135 0.61 0.65(0.53-0.80) 39.4 5.3 19
>80 8.0 103 0.78 0.69(0.51-0.88) 22.4 2.3 43 17.4 229 076 0.55(0.53-0.80) 24.2 5.5 18
Overall 4.9 8.6 0.57 0.57(0.40-0.76) 42.6 3.7 27 10.2 148 0.69 0.71(0.59-0.85)  31.2 4.6 22

SU (+) represents stroke unit admissions; SU (—), other place admissions than stroke unit..
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Table 3. Effect of Organized Care Index (OCI) on Stroke Fatality
7-Day Stroke Fatality 30-Day Stroke Fatality
Event Rate (%) Event Rate (%)

Age Group 0CI2-3 0CI0-1 RR ARR (95% Cl)  RRR, % ARR, % NNT O0CI2-3 0CI0-1 RR ARR (95% Cl) RRR, % ARR, % NNT
<59 3.0 119 017 0.18(0.12-0.24) 83.4 99 10 3.4 138  0.24 0.26(0.20-0.34) 75.6 104 10
60-69 2.5 10.9 0.23 0.24 (0.17-0.34) 76.9 8.4 12 44 13.0 0.34 0.40(0.31-0.53) 66.5 8.7 12
70-79 2.6 14.6 0.18 0.16(0.11-0.22) 82.4 12.0 8 6.8 20.0 0.34 0.33(0.27-0.40) 66.0 13.2 8
>80 44 20.2 0.22 0.28 (0.22-0.36) 78.2 15.8 6 14.0 341 0.41 0.53(0.46-0.60) 58.8 20.1 5
Overall 3.1 15.3 0.20 0.22(0.16-0.29) 79.9 12.2 8 8.2 22.3 0.37 0.41(0.34-0.50) 63.2 141 7

limited statistical power, and change in the results depending
on the outcome chosen.? In another large study including
1847 patients with stroke (40% >75 years of age) from 13
hospitals in 10 European countries, organized stroke care
provided no reduction in disability or mortality at discharge
in those >75 years of age.?> None of the aforementioned
studies were specifically designed to determine the benefit of
stroke units/organized care by age group.>22

In the real world, different interventions (intravenous and
intra-arterial thrombolysis, mechanical devices) and models
of care (regionalized versus centralized, protocols to “bypass”
local hospitals, remote access to specialized stroke manage-
ment [telestroke], etc) are available for the management of
patients with acute stroke. Our study provides new insight on
the questioned effect of stroke units and organized stroke care
among elderly individuals by providing evidence that the
benefit is not limited to younger patients. Furthermore, this
effect is not limited to simply care on a stroke unit or not, but
to the intensity of care. More is better. Among those aged
=80 years, stroke fatality was reduced approximately 3 times
for organized care index 2 or 3 (highest levels of care) versus
organized care index O (lowest level of care; Figure 1). The
NNT to prevent one death if the oldest group received
optimal care (organized care index=2 to 3 versus organized
care index 0 to 1) is low (NNT=5 for 30-day stroke fatality
and NNT=6 for 7-day stroke fatality). This NNT for 7-day
stroke fatality is even more dramatic when comparing the
beneficial effects of organized stroke care with other age
groups (NNT=10 for those <59 years, NNT=12 for those

aged 60 to 69, and NNT=8 for those aged 70 to 79; Table 3).
Our study confirms the beneficial effects of organized care on
stroke survival in the “real world” among all age groups.

There are some limitations that deserve comment. First,
our study includes only patients admitted to stroke centers,
which may not reflect care received and mortality rates in
other facilities. However, the RCSN attempts to include all
consecutive patients with acute stroke at all of the participat-
ing hospitals to reduce any selection bias. Second, there is the
possibility that those patients with the highest mortality were
“too sick from onset” to receive stroke unit care or physio-
therapy/occupational therapy before death. This would result
in an overestimation of the mortality effect directly due to
withholding of “organized care.” Such patients likely had
stroke team assessment but little else because they were
palliated from onset or died shortly after admission to an
intensive care unit or other neuro-stepdown unit. However,
analyses excluding these patients did not significantly alter
the results of the study. Third, unmeasured variables not
included in the analysis (for example, time of physiotherapy/
occupational therapy assessment, number of occupational ther-
apy/physiotherapy consults, decision time for palliative care)
may have influenced our results.

Finally, stroke unit care sits in the context of the health
system. The Canadian system of provincially centralized care
with universal access to hospital care differs from that
available in the United States.?3->* Stroke unit care in Canada
often means an inpatient stay of =10 days depending on
severity and includes early rehabilitation. Inpatient rehabili-

Table 4. Effect of Stroke Unit and Organized Care on 30-Day Stroke Fatality or Institutionalization

Stroke Unit

Organized Care Index (OCI)

30-Day Stroke Fatality/Institutionalization

30-Day Stroke Fatality/Institutionalization

Event Rate (%)

Event Rate (%)

Age Group SU (+) SU (-) RR RRR, % ARR, % NNT 0Cl 2-3 0Cl 0-1 RR RRR, % ARR, % NNT
<59 45 9.5 0.48 52.1 4.9 20 3.8 14.8 0.26 741 10.9 9
60-69 10.2 13.6 0.75 24.7 3.3 29 9.9 16.7 0.59 40.7 6.8 15
70-79 20.1 22.1 0.91 8.9 2.0 51 18.7 26.6 0.70 29.6 7.9 12
>80 34.9 41.0 0.85 14.8 6.1 16 33.6 47.8 0.70 29.7 14.2 7
Overall 20.9 24.4 0.86 141 3.4 29 19.6 30.6 0.64 36.0 11.0 9

SU (+) represents stroke unit admissions; SU (—), other place admissions than stroke unit.
0Cl indicates organized care index. For comparison purpose, OCI was dichotomized in 2—-3 versus 0—1 in these analyses. Further details on the OCI are provided

in the text.
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Figure 2. Thirty-day risk-adjusted fatality by
organized care index in patients with mod-
erate/severe stroke (CNS score <7).
Patients on palliative care or unconscious
are not represented in this figure (n=4086).
*P<0.001 when compared with organized
care index=0. The “organized care” index
(OCl) was classified as having received 0, 1,
2, or 3 of the following services: occupa-
tional therapy or physiotherapy, stroke team
assessment, or admission to a stroke unit.
Organized care index of zero indicates that
patients with stroke received none of the
services, whereas higher scores indicate
access to highly more services. Note a
graded survival improvement with higher
levels of access to care (OCI=0 to OCI=3)
for all age groups. Further explanation is
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tation on a rehabilitation ward may progress for 3 to 4 months
for the most severely affected patients. In the United States,
patients with stroke rarely stay in the hospital for 5 days and
inpatient rehabilitation stays are rarely longer than 1
month.25-27 Thus, these results should be interpreted with this
context in mind. Our data provide real-world evidence of the
effectiveness of collaborative, high-quality, standardized, and
effective care in reducing poor outcomes for stroke victims
regardless of age.

Acknowledgments

We thank Frank Silver and Members of the Registry of the Canadian
Stroke Network (RCSN) Steering Committee for providing the data.
We appreciate the support of Li Ka Shing Knowledge Translation
institute, Research Department, and members of the Stroke Team at
St Michael’s Hospital, Toronto (South Eastern Toronto Stroke
Centre). We thank Drs Robert Hyland, Arthur Slutsky, and Paul
O’Connor for their support.

Sources of Funding
This research was supported in part by grants from Heart Stroke
Foundation of Canada (HSFC), Canadian Institutes for Health
Research (CIHR), Department of Research at St Michael’s Hospital,
and Connaught Foundation (University of Toronto) given to
G.S. G.S. is supported by the Clinician—Scientist Award from Heart
Stroke Foundation Ontario. M.K. is supported by a New Investigator
Award from the CIHR and also received support from the Canadian
Stroke Network and the University Health Network Women’s Health
Program. M.D.H. is supported by the Heart & Stroke Foundation of
Alberta/NWT/NU and the Alberta Heritage Foundation for Medical
Research. These grants were obtained based on competitive appli-
cations after publication of grant advertisements. The investigators
acted as the sponsors of the study. None of the supporting agencies
had input on the design, access to the data, analyses, interpretation,
or publication of the study. The Registry of the Canadian Stroke
Network is funded by the Canadian Stroke Network and the Ontario
Ministry of Health and Long-Term Care. The Institute for Clinical
Evaluative Sciences is funded by the Ontario Ministry of Health and
Long-Term Care. The opinions expressed in this paper are those of
the authors and should not be attributed to any sponsoring institution.

Disclosures
None.

References
1. Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A,
Grubb RL, Higashida RT, Jauch EC, Kidwell C, Lyden PD, Morgenstern

provided in the text.

LB, Qureshi Al, Rosenwasser RH, Scott PA, Wijdicks EF; American
Heart Association/American Stroke Association Stroke Council;
American Heart Association/American Stroke Association Clinical Car-
diology Council; American Heart Association/American Stroke Asso-
ciation Cardiovascular Radiology and Intervention Council; Athero-
sclerotic Peripheral Vascular Disease Working Group; Quality of Care
Outcomes in Research Interdisciplinary Working Group. Guidelines for
the early management of adults with ischemic stroke: a guideline from the
American Heart Association/American Stroke Association Stroke
Council, Clinical Cardiology Council, Cardiovascular Radiology and
Intervention Council, and the Atherosclerotic Peripheral Vascular Disease
and Quality of Care Outcomes in Research Interdisciplinary Working
Groups: the American Academy of Neurology affirms the value of this
guideline as an educational tool for neurologists Circulation. 2007;115:
e478-e534.

2. Organised inpatient (stroke unit) care for stroke. Cochrane Database Syst
Rev. 2007;4:CD000197.

3. How do stroke units improve patient outcomes? A collaborative sys-
tematic review of the randomized trials. Stroke Unit Trialists Collabo-
ration. Stroke 1997;28:2139-2144.

4. Saposnik G, Fang J, O’Donnell M, Hachinski V, Kapral MK, Hill MD.
Escalating levels of access to in-hospital care and stroke mortality. Stroke.
2008;39:2522-2530.

5. Saposnik G, Cote R, Phillips S, Gubitz G, Bayer N, Minuk J, Black S;
Stroke Outcome Research Canada (SORCan) Working Group. Stroke
outcome in those over 80: a multicenter cohort study across Canada.
Stroke. 2008;39:2310-2317.

6. Rothwell PM, Coull AJ, Silver LE, Fairhead JF, Giles MF, Lovelock CE,
Redgrave JN, Bull LM, Welch SJ, Cuthertson FC, Binney LE, Gutnikov
SA, Anslow P, Banning AP, Mant D, Mehta Z; Oxford Vascular Study.
Population-based study of event-rate, incidence, case fatality, and mor-
tality for all acute vascular events in all arterial territories (Oxford
Vascular Study). Lancet. 2005;366:1773-1783.

7. Gavrilov LA, Heuveline P. Aging of population. In: Demeny P, McNicoll
G, eds. The Encyclopedia of Population . New York: Macmilla Reference
USA; 2003.

8. Goldstein LB, Adams R, Alberts MJ, Appel LJ, Brass LM, Bushnell CD,
Culebras A, DeGraba TJ, Gorelick PB, Guyton JR, Hart RG, Howard G,
Kelly-Hayes M, Nixon JV, Sacco RL; American Heart Association;
American Stroke Association Stroke Council. Primary prevention of
ischemic stroke: a guideline from the American Heart Association/
American Stroke Association Stroke Council: cosponsored by the Ath-
erosclerotic Peripheral Vascular Disease Interdisciplinary Working
Group; Cardiovascular Nursing Council; Clinical Cardiology Council;
Nutrition, Physical Activity, and Metabolism Council; and the Quality of
Care and Outcomes Research Interdisciplinary Working Group Circu-
lation. 2006;113:e873-923.

9. Kapral MK, Silver FL, Richards JA, Lindsay P, Fang J, Shi S, Hill MD,
Phillips SJ, Robertson A, Tu JV. Registry of the Canadian Stroke
Network. Progress Report 2001-2005. Toronto: Institute of Clinical Eval-
uative Sciences (ICES); 2005.

10. Tu JV, Willison DJ, Silver FL, Fang J, Richards JA, Laupacis A, Kapral
MK; Investigators in the Registry of the Canadian Stroke Network.

Downloaded from stroke.ahgjournals.org at St. Michael's Hospital--Toronto on October 14, 2009


http://stroke.ahajournals.org

11.

12.

13.

16.

Saposnik et al

Impracticability of informed consent in the Registry of the Canadian
Stroke Network. N Engl J Med. 2004;350:1414—-1421.

Kapral MK, Laupacis A, Phillips SJ, Silver FL, Hill MD, Fang J,
Richards J, Tu JV; Investigators of the Registry of the Canadian Stroke
Network. Stroke care delivery in institutions participating in the Registry
of the Canadian Stroke Network. Stroke. 2004;35:1756-1762.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index
for use with ICD-9-CM administrative databases. J Clin Epidemiol.
1992:45:613-619.

Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of
classifying prognostic comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40:373-383.

. Goldstein LB, Samsa GP, Matchar DB, Horner RD. Charlson Index

comorbidity adjustment for ischemic stroke outcome studies. Stroke.
2004;35:1941-1945.

. Cote R, Battista RN, Wolfson C, Boucher J, Adam J, Hachinski V. The

Canadian Neurological Scale: validation and reliability assessment.
Neurology. 1989;39:638-643.

Bushnell CD, Johnston DC, Goldstein LB. Retrospective assessment of
initial stroke severity: comparison of the NIH Stroke Scale and the
Canadian Neurological Scale. Stroke. 2001;32:656—660.

. Muir KW, Weir CJ, Murray GD, Povey C, Lees KR. Comparison of

neurological scales and scoring systems for acute stroke prognosis.
Stroke. 1996;27:1817-1820.

19.
20.

21.

22.

23.

24.

25.

26.

27.

Organized Stroke Care in the Elderly 3327

. D’Olhaberriague L, Litvan I, Mitsias P, Mansbach HH. A reappraisal of

reliability and validity studies in stroke. Stroke. 1996;27:2331-2336.
World Population Ageing, 1950—-2050. New York: United Nations; 2002.
Kaste M, Palomaki H, Sarna S. Where and how should elderly stroke
patients be treated? A randomized trial. Stroke. 1995;26:249-253.
Fagerberg B, Claesson L, Gosman-Hedstrom G, Blomstrand C. Effect of
acute stroke unit care integrated with care continuum versus conventional
treatment: a randomized 1-year study of elderly patients: the Goteborg
70+ Stroke Study. Stroke. 2000;31:2578-2584.

Bhalla A, Grieve R, Tilling K, Rudd AG, Wolfe CD. Older stroke patients
in Europe: stroke care and determinants of outcome. Age Ageing. 2004;
33:618-624.

Steinbrook R. Private health care in Canada. N Engl J Med. 2006;354:
1661-1664.

Woolhandler S, Campbell T, Himmelstein DU. Costs of health care
administration in the United States and Canada. N Engl J Med. 2003;
349:768-775.

Chang KC, Tseng MC, Weng HH, Lin YH, Liou CW, Tan TY. Prediction
of length of stay of first-ever ischemic stroke. Stroke. 2002;33:
2670-2674.

Epstein D, Mason A, Manca A. The hospital costs of care for stroke in
nine European countries. Health Econ. 2008;17(suppl):S21-S31.

Moon L, Moise P, Jacobzone S. Stroke Care in OECD Countries: A
Comparison of Treatment, Costs and Outcomes in 17 Countries. Paris;
2003.

Downloaded from stroke.ahgjournals.org at St. Michael's Hospital--Toronto on October 14, 2009


http://stroke.ahajournals.org

