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Impact of a Stroke Unit on Length of Hospital Stay
and In-Hospital Case Fatality

Hai Feng Zhu, MD, MSc; Nancy N. Newcommon, RN, MN; Mary Elizabeth Cooper, RN, MN;
Teri L. Green, RN, PhD; Barbara Seal, RN; Gary Klein, MD, FRCPC; Nicolas U. Weir, MD, MSc;
Shelagh B. Coutts, MBChB, FRCPC; Tim Watson, MD, FRCPC; Philip A. Barber, MBChB, FRCPC;
Andrew M. Demchuk, MD, FRCPC; Michael D. Hill, MD, MSc, FRCPC;
for the Calgary Stroke Program

Background and Purpose—Randomized trials have demonstrated reduced morbidity and mortality with stroke unit care;
however, the effect on length of stay, and hence the economic benefit, is less well-defined. In 2001, a multidisciplinary
stroke unit was opened at our institution. We observed whether a stroke unit reduces length of stay and in-hospital case
fatality when compared to admission to a general neurology/medical ward.

Methods—A retrospective study of 2 cohorts in the Foothills Medical Center in Calgary was conducted using
administrative databases. We compared a cohort of stroke patients managed on general neurology/medical wards before
2001, with a similar cohort of stroke patients managed on a stroke unit after 2003. The length of stay was dichotomized
after being centered to 7 days and the Charlson Index was dichotomized for analysis. Multivariable logistic regression
was used to compare the length of stay and case fatality in 2 cohorts, adjusted for age, gender, and patient comorbid

conditions defined by the Charlson Index.

Results—Average length of stay for patients on a stroke unit (n=2461) was 15 days vs 19 days for patients managed on
general neurology/medical wards (n=1567). The proportion of patients with length of stay >7 days on general
neurology/medical wards was 53.8% vs 44.4% on the stroke unit (difference 9.4%; P<<0.0001). The adjusted odds of
a length of stay >7 days was reduced by 30% (P<<0.0001) on a stroke unit compared to general neurology/medical
wards. Overall in-hospital case fatality was reduced by 4.5% with stroke unit care.

Conclusions—We observed a reduced length of stay and reduced in-hospital case-fatality in a stroke unit compared to

general neurology/medical wards. (Stroke. 2009;40:18-23.)
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S everal clinical trials have demonstrated the superiority of
interdisciplinary stroke unit care over conventional care
on general neurology/medical wards.'-7 A majority of these
studies come from Europe. The effectiveness of stroke units
in reducing mortality, institutionalization, and dependence
has been confirmed in meta-analysis of randomized con-
trolled trials.® However, the impact of stroke units on length
of hospital stay is less well-defined. Because length of stay is
the single largest determinant of inpatient hospital costs, these
data are important for policy makers. The Cochrane review of
stroke unit trials concluded that stroke units minimally did
not result in longer lengths of stay.®

At our institution, before 2001, stroke patients were cared
for on both the general neurology service and the general
medical service. Approximately 50% of strokes were admit-
ted to the general neurology service. In 2001, a multidisci-

plinary stroke unit was opened at Foothills Hospital, which
serves as a tertiary stroke center for a referral population of
~1.5 million. A majority of patients with stroke diagnosed
are admitted directly to the unit from the emergency depart-
ment. It is a comprehensive, dedicated stroke unit that
provides both acute and rehabilitative care for patients who
have had an acute stroke. The stroke unit exists in 2 locales:
(1) a 12-bed high-observation unit shared by Neurology and
Neurosurgery where stroke patients requiring invasive blood
pressure monitoring, external ventricular drains, or who have
received tissue plasminogen activator in the previous 48
hours are managed until they are stable enough to be moved
to the larger subacute unit; (2) a main subacute stroke unit
that began with 14 beds, expanded to 18 beds, and is staffed
by a multidisciplinary team consisting of nurse practitioners,
nurses, neurologists, rehabilitation physicians, social work-
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Table 1. Stroke Definitions and Codes ldentified by ICD-9-CM and ICD-10
ICD-9-CM ICD-10

Stroke Type Code Definition Code Definition
AIS 362.3 Retinal vascular occlusion H34.1 Central retina artery occlusion

433.x1 Occlusion and stenosis of precerebral arteries 163.x Cerebral infarction

434.x1 Occlusion of cerebral arteries 164.x Stroke, not specified as hemorrhage or infarction

436 Acute, but ill-defined cerebrovascular disease
ICH 431.x Intracerebral hemorrhage 161.x Intracerebral hemorrhage
SAH 430.x Subarachnoid hemorrhage 160.x Subarachnoid hemorrhage
TIA 435 Transient cerebral ischemia G45.x Transient cerebral ischemic attacks

and related syndromes

ICH indicates intracerebral hemorrhage.

ers, medical staff, and occupational, physical, and speech
therapists. This team is not a mobile stroke team but a
dedicated group assigned to the stroke unit ward. Biweekly
meetings are conducted with all staff to discuss patient
progress and to facilitate discharge planning. Rehabilitation
interventions begin immediately. Stroke thrombolysis was
routinely available at Foothills Hospital during the entire
study period. A key concept in understanding our stroke unit
is that it is both a geographic locale and a dedicated team.
Finally, patients with a diagnosis of subarachnoid hemor-
rhage were cared for by the general neurosurgical service and
no changes in this model of care occurred over the 2 periods.

We assessed the length of stay and in-hospital case fatality
between patients managed on the stroke unit and those
managed on general neurology/medical wards (before the
stroke unit) at the Foothills Medical Center to assess whether
a stroke unit has the potential to reduce the length of stay and
in-hospital case fatality.

Materials and Methods

Study Design

A retrospective study of 2 cohorts at the Foothills Medical Center in
Calgary, Alberta, was conducted. Stroke patients were identified
from discharge abstracts from a comprehensive administrative data-
base from the Calgary Health Region. We compared a cohort of
stroke patients managed on general neurology/medical wards in the
Foothills Medical Center from January 1, 1998 to March 31, 2000,
before the stroke unit was established, with a similar cohort of stroke
patients managed on a stroke unit during January 1, 2003 to March
31, 2005. During the period 1998 to 2000, ~50% of stroke patients
were admitted to the general neurology service and the remainder to
the general medical service. After the establishment of the stroke unit
in 2001, a run-in period was excluded from analysis to allow for
protocols to be put in place and staff training to occur. After January
1, 2003, a majority of stroke patients were admitted to the stroke
unit.

Before fiscal year 20022003, medical centers in Alberta used the
International Classification of Diseases, 9" Revision-Clinical Mod-
ification (ICD-9-CM) to code hospital discharge abstracts, whereas
at the beginning of 2002, the 10th revision for the International
Classification of Diseases (ICD-10) replaced ICD-9 province-wide.
The new ICD-10 system is more comprehensive than ICD-9.
Improvements in areas such as number of codes and an expanded
external cause framework are expected to make the ICD-10 a more
streamlined system.!%-!! Stroke definitions are shown in Table 1.

Modified Deyo-Charlson Index

The Deyo-Charlson Index is a weighted comorbidity index based on
administrative coding of 17 disease states.!>!3 It has been validated

as a predictor of stroke mortality,'* and it has been used for risk
adjustment of other outcomes including length of stay.!3-!5-17 For the
cohort on the general neurology/medical wards (1998-2000), co-
morbid conditions were classified with a modified version of the
Deyo-Charlson Index on the basis of hospital discharge ICD-9-CM
codes. For the cohort in the stroke unit (2003-2005), comorbidities
were defined by an ICD-10 coding algorithm, developed by Quan’s
translation of the Charlson Index from the usage of ICD-9-CM
codes!s.

Each of the indicated diagnoses is assigned a weight to be summed
to provide a patient’s total score. As described previously,'4 diag-
noses of cerebrovascular disease (weight 1) and hemiplegia (weight
2), which are included in the Deyo-Charlson Index, were excluded in
the modified index for this study, because they are reflected in the
condition being evaluated in stroke patients. We dichotomized the
modified Deyo-Charlson Index according to the original index'? as
low (modified Charlson Score <1) and high (modified Charlson
Score >2).

Statistical Analysis

Data management and statistical analyses were performed using the
STATA statistical package (Version 8.0; STATA Corporation). Data
are shown using standard descriptive statistics. Continuous variables
were compared with the ¢ test for normally distributed variables.
Categorical variables were compared with x* test. Because the
distribution of the length of stay in both cohorts is highly right-
skewed, the length of stay was dichotomized after being centered to
the median (7 days). The primary outcomes were total length of stay,
length of stay >7 days or <7 days, and in-hospital case-fatality.
Multivariable logistic regression models were fitted to the whole data
set to adjust for the effects of prognostic variables for the assessment
of the effect of stroke unit care on length of stay when 2 cohorts
(stroke unit vs general neurology/medical wards) were compared.
The prognostic variables included age, sex, and heterogeneity of
patient comorbid conditions identified by dichotomized Deyo-
Charlson Index and sum Deyo-Charlson score, respectively. The
dependent variable was dichotomized length of stay. P<0.05 was
considered statistically significant.

In secondary analysis, we fitted logistic regression models with
2-way interaction terms including related Charlson comorbidities
(those individual comorbidity variables with significant probability
values) to assess whether these comorbidities showed potential
confounding or effect modification. In subgroup analysis, compari-
sons of length of stay were further evaluated within strata of stroke
types and dichotomous Charlson Index.

To identify whether the in-hospital case fatality and length of stay
in a stroke unit changed when compared with general neurology/
medical wards, multivariable analyses adjusted for age, gender, and
individual Charlson comorbidity were performed overall and by
stroke type to estimate the impact of stroke unit care on in-hospital
case fatality.
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Table 2. Characteristics and Frequency of Deyo-Charlson
Comorbidities (%) of Study Population in 2 Cohorts

Table 3. Length of Hospital Stay Adjusted for Modified
Charlson Index Between 2 Gohorts

General Neurology/

General Neurology

Medical Wards Stroke Unit P Cohorts Wards Stroke Unit P
N of Patients 1567 2461 All patients
Age, mean, yr (SD) 67 (15.5) 68 (15.4) 0.12 Mean (SD) 19 (27) 15 (24) <0.0001
Female (%) 48.6 45.9 0.10 Median (IQR) 9 (4-21) 6(3-17) <0.0001
Distribution of stroke Low Charlson Index (score <1)
types” (%) Mean (SD) 19.(27) 15(24)  <0.0001
AIS 60 61 <0.001 Median (IQR) 8 (4-20) 6(3-15  <0.0001
TIA 14 22 High Charlson Index (score =2)
ICH 14 10 Mean (SD) 22 (29) 20 (24) 0.168
SAH 12 / Median (IQR) 10 (5-29) 9(4-25 0339
Myocardial infarction 14.7 10.5 <0.001 IOR indicate intraquartile range (range between 25" and 75" quartile).
Congestive heart 10.9 7.9 0.001
faure ischemic stroke (AIS) in each cohort is similar (60% vs 61%
Peripheral vascular 36 49 0.042 ischemic stroke (AIS) in each cohort is similar (60% vs 61%)
disease but more intracerebral hemorrhage (14% vs 10%) and sub-
Dementia 18 48 <0.001 arachnoid hemorrhage (SAH; 12% vs 7%) patients were
) treated on general neurology/medical wards compared to the
C.h fonic pulmonary 98 61 <0.001 stroke unit. There were more transient ischemic attack (TIA)
disease . .
o patients (22% vs 14%) managed on the stroke unit compared
Rheumatic disease 2.8 1.1 <0.001 p p p
_ _ to general neurology/medical wards. Stroke unit patients were
Peptic ulcer disease 15 11 0.23 more likely to have dementia, renal disease, and peripheral
Mild liver disease 03 05 0.42 vascular disease, but less likely to have pulmonary disease,
Diabetes without 135 14.7 0.31 past myocardial infarction, or congestive heart failure (Table
chronic complication 2). The discharge status in 2 cohorts is similar with respect to
Diabetes with 3.7 3.6 0.89 comparable proportion of patients discharged to home (stroke
chronic complication unit vs neurology/medical wards: 82.2% vs 82.7%; P=0.78).
Hemiplegia 27.2 27.0 0.89 Average length of stay was longer in patients managed on
Renal disease 0.7 39 <0.001 general neurology/medical wards compared with those man-
Cancer 29 2.0 0.07 aged on the stroke unit (19 vs 15 days; Table 3). This shorter
Moderate or severe 0.2 0.1 0.33 lengt'h' of stay was observed in patients wiFh low but not high
liver disease modified Charlson Index (Table 3 and Figure 1). The pro-
Metastatic solid 15 13 0.54 portion of overall patients with a length of stay >7 days was
tumor 9.4% (P<0.0001) greater on general/medical wards com-
AIDS/HIV 0.1 0.1 0.65 pared to the stroke unit. In analysis stratified by stroke type,
) we found that the stroke unit was associated with reduced
Proportion of 82 83 0.36 . . .
patients with low length of stay for ischemia patients (AIS and TIA) but not for
modified Charlson hemorrhagic stroke types (intracerebral hemorrhage and
Index (%)t
Modified Charlson 0.8(1.3) (0) 0.8(1.2) (0)

score, mean (SD)
(median)

*Stroke types: AIS, TIA, ICH, SAH.
tModified Charlson Index excluded comorbidity condition of cerebrovascular
disease and hemiplegia from Deyo-Charlson Index.

Results
Between January 2003 and March 2005, 2461 patients were
admitted to the stroke unit, whereas 1567 stroke patients were
admitted to the general neurology/medical wards during
January 1998 to March 2000. Patients were admitted to the
stroke unit from the emergency room (87% in the present
study), from the neurological step-down unit (12%), and
rarely from the clinic (<1%) or from another ward (<1%).
There were no significant differences in average age and
gender between 2 cohorts (Table 2). The proportion of acute

= — [ (%}
o o =1 [
1 L n 1

Ava&age Length of Hospital Stay (d)

o
L

0 1

|-1 General neurclogy wards Stroke Unit
0 modified Charlzon hdex == 1; 1: modified Charlson Index == 2

Figure 1. Relationships between modified Charlson Index and
length-of-stay (days) in 2 cohorts.
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Figure 2. A, Length of hospital stay between 2 cohorts by
stroke type. AlS indicates acute ischemic stroke; TIA, transient
ischemic attack; ICH, intracerebral hemorrhage; SAH, subarach-
noid hemorrhage. B, Length of hospital stay between cohorts by
stroke type adjusted for Charlson Index.

SAH; Figure 2A,B). The direction of effect was for reduced
length of stay in intracerebral hemorrhage patients but the
smaller sample size prevented a precise estimate. Thus, the
increased proportion of TIA patients on the stroke unit does
not account for the overall effect. In subgroup analysis, the
proportion of AIS patients with a length of stay >7 days is
6.5% (P=0.0017) greater on general wards compared to the
stroke unit. Similarly, the proportion of TIA patients with a

Zhu et al Impact of a Stroke Unit 21

length of stay >7 days is 10.6% less on the stroke unit
(P<<0.0001).

On the stroke unit, 82% of patients had modified Charlson
comorbidity scores of O or 1 vs 83% of patients in general
neurology/medical wards had scores of 0 or 1 (P=0.36; x*
test). The Charlson Index predicted length of stay with higher
scores being associated with longer length of stay. For
patients with high Charlson Index, the stroke unit effect
for ischemia (AIS and TIA) was muted but still present. For
intracerebral hemorrhage and SAH, discordant and nonintui-
tive results were seen (Table 3, Figure 2b).

The adjusted odds of a length of stay >7 days was reduced
by 22% (P<<0.0001) on the stroke unit compared to general
neurology/medical wards for all stroke patients, adjusted for
age, gender, and dichotomized Charlson Index. AIS patients
in stroke unit have 23% reduced adjusted odds (P<<0.0001)
and TIA patients in stroke unit have 50% reduced odds
(P<<0.0001) of having a length of stay >7 days compared to
those AIS and TIA patients, respectively, in general wards.
Every 1-point increase in the Charlson Index was associated
with a 26% increase in the odds of a length of stay >7 days
(stroke unit vs general neurology/medical wards; P<<0.0001)
adjusted for age and gender for overall patients. We noticed
that there were 3 significant individual comorbidities
(P<<0.05) that predicted length of stay greater than 7 days.
These were congestive heart, dementia, and peptic ulcer
disease. However, none of them showed effect modification
by cohort when interaction terms were further examined.

The in-hospital case fatality of stroke patients on general
neurology/medical wards was 16.6% vs 12.1% on the stroke
unit (difference 4.5%; P=0.0001). Stroke unit care signifi-
cantly reduced overall in-hospital case fatality (adjusted OR,
0.70; P<<0.0001). The adjusted OR for case fatality rate in
hospital (stroke unit vs general neurology/medical wards) by
each stroke type is similarly reduced for ischemic stroke
types. For intracerebral hemorrhage, the direction of effect is a
nonsignificant 8% reduction in case fatality with stroke unit care;
no effect is evident for subarachnoid hemorrhage (Table 4).

Discussion
Few studies of North American stroke units exist. Our
retrospective study of a Canadian stroke unit shows that

Table 4. Comparison of In-hospital Case Fatality for Overall Patients and by Stroke Type in 2 Cohorts

ICH AIS SAH TIA All Patients
Stroke Type
Cohort A B A B A B A B A B
N of Patients 215 245 945 1503 192 183 215 530 1567 2461
N of Death 80 7 126 175 52 50 2 2 260 298
Case fatality (%) 37.2 29.0 13.3 11.6 271 27.3 0.93 0.38 16.6 121
P* 0.06 0.215 0.958 0.349 0.0001
Adjusted ORt (95% Cl) 0.57 (0.31-1.03) 0.77 (0.60-0.97) 0.65 (0.36-1.19) 0.51 (0.32-0.81) 0.70 (0.58-0.84)
Pt 0.063 0.03 0.162 0.005 < 0.0001

A: the cohort (1998-2000) in general neurology wards; B: the cohort (2003—2005) in the stroke unit.
*P of Z-test in comparison of proportion of death by stroke type and in overall patients.
tAdjusted OR in stroke patients managed on the stroke unit compared with those managed on general neurology wards, adjusted for age, gender, and individual

Charlson Comorbidity.
1P of Wald test in multivariable logistic regression analyses.
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stroke unit care is associated with a reduced length of stay and
reduced in-hospital case fatality. Our observed case-fatality
reduction is concordant with a 5% mortality reduction by
stroke unit care observed in a recently published large Italian
observational cohort study.!

What might explain the different length of stay? There is
no indication that the differences were attributable to patient
differences, because there are comparable demographic char-
acteristic and similar overall comorbid conditions (same
average Charlson score and coordinate distribution of Charl-
son Index) among them. The distribution of TIA, intracere-
bral hemorrhage, and SAH were unbalanced in the 2 cohorts
with a higher prevalence of TIA on the stroke unit. TIA
patients naturally have a shorter length of stay. However,
subgroup analyses by stroke type suggest that case mix is not
the explanation.

The 2 cohorts were minimally unbalanced on several
baseline comorbid conditions. However, we did not identify
any evidence of effect modification by individual comorbid
illnesses on length of stay after multivariable logistic regres-
sion analyses. The adjustment for individual comorbid factors
suggested that the observed benefits of stroke unit care on the
length of stay are more significant in ischemic stroke patients
than in hemorrhagic stroke patients, and are independent of
age, gender, and comorbid conditions. In addition, more
patients overall were managed on the stroke unit compared to
the general neurology/medical wards. This effect was almost
entirely attributable to an average 4-day reduction in length of
stay, allowing a greater throughput of patients on the stroke
unit.

It is less clear why hemorrhage patients did not show a
more dramatic effect. However, we believe our results on
intracerebral hemorrhage simply lack precision. The direction
of effect and magnitude of effect for both length of stay and
case fatality are similar to those seen for ischemic stroke. For
subarachnoid hemorrhage, there is no effect whatsoever. The
most likely explanation is that SAH patients were cared for
on the general neurosurgical service during both periods. In
one sense the SAH patients functioned as a positive control
and the lack of effect for SAH patients who were not exposed
to any changes in their type of care is also concordant with the
stroke unit effect. Alternately, SAH patients often remain in
hospital for observation during the period when they are
susceptible to vasospasm and this period, usually 21 days, is
fixed because of the biology of the disease.

A key consideration is whether this shorter length of stay
comes at the expense of patient outcomes. Patients who
experience neurological death usually do so in the first few
days after stroke resulting in a shorter length of stay.
However, during the same period, Field et al'® have reported
that in-hospital mortality from stroke of all types has fallen
and readmission for recurrent stroke after TIA have decreased
nearly 50% (Michael D. Hill, unpublished data, 2007).
Consistently, we observed a significant reduction in mortal-
ity. This further bolsters our finding that management of
stroke patients in a stroke unit is associated with a sustained
reduction in length of hospital stay compared to general
neurology/medical wards.

In any study of active clinical care in different period, other
interventions in the evolution of care may be a source of
residual confounding. During the period undergoing study,
we have observed a gradual increase in the proportion of all
stroke patients undergoing thrombolyses from <5% to 12%
(Michael D. Hill, unpublished data, 2007). We have become
more aggressive in admitting and investigating TIA patients
because of new evidence identifying the high early risk of
stroke that emerged during the study period. We have
increased the size, personnel, and expertise of our team. The
city of Calgary has experienced tremendous population
growth over the period of study, which has brought increased
volume to our service. All of these factors may be potential
sources of residual confounding, as described by Davenport
et al.20

However, the stroke unit effect, in part, is defined by the
organization of care that has responded to these changes. It is
robust and attributable to organization. Such organization
improves care, hastens recovery, and reduces the need for
inpatient rehabilitation. Inherent in such organization is
discharge planning; biweekly meetings facilitate this process
and ensure prompt discharge from acute care.

From the economic perspective of the hospital, shorter
length of stay in the stroke unit as found in the present study
appears promising. The principal costs of care relate to the
bed-day costs. A study of another Canadian stroke unit?!
suggested that a 2-day reduction in length of stay per stroke
unit patient translates into a saving of more than $2.1 million
per 1000 patients treated. This estimate would be doubled in
our case, with a 4-day reduction in length of stay. At $1200
per hospital bed-day at our hospitals and 1000 patients per
year, 5 years of stroke unit care has resulted in an estimated
$24 million savings. Despite the Consensus Statement from
the Brain Attack Coalition?? and several national bodies in
Europe,?? United States,>* and Canada?® recommending that
stroke unit care be widely implemented, organized stroke unit
care is not yet widely available in Canada.?® This is changing
with the evolution of the Canadian Stroke Strategy. Economic
analyses should be conducted with attention to the full chain
of care and not just length of say. However, given the
potential cost-savings, it is remarkable that we have not
accomplished more already.

Our perspective, taken from the point of view of the acute
care hospital, is relevant for managing hospital resources.
However, other perspectives may be important. If there is an
overall increase in the time spent in managed care (ie,
inpatient rehabilitation), then the only achievement is a shift
in budget envelopes from acute care to rehabilitation. We
believe that this is not the case for stroke unit care in Calgary.
Approximately 20% of stroke unit patients in Calgary require
and are discharged to an inpatient rehabilitation unit. Because
of the nature of the Canadian system, limited inpatient
rehabilitation bed resources mean that patients destined for
rehabilitation wait in hospital and have the longest length of
stay in the acute care hospital; in Calgary, on average,
patients who go to inpatient rehabilitation have a length of
stay that is 3 days longer. Further, we know that in the stroke
literature, morbidity reduction parallels mortality reduction.
The overall reduction in case fatality suggests that we have
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not made a trade-off of reducing length of stay only to have
patients die outside of the stroke unit. Therefore, although we
have focused on the hospital length of stay in this article, we
believe the results represent the more generalizable, broad,
positive effects of stroke unit care.

We are cognizant of the potential limitations of using
administrative data sources. However, we have previously
shown that Calgary administrative data coding is highly
sensitive, specific, and reliable.?” A key limitation of any use
of administrative data are the inability to adjust for baseline
stroke severity. By stratifying our analysis by stroke type, we
have mollified this concern. Further, we have no reason to
believe that stroke severity, overall, was any different be-
tween the 2 cohorts. Finally, the modified version of the
Charlson Index in our study ignored previous strokes, which
may impact the undercoding of comorbid conditions among
patients and biased the results toward lower significance.

In conclusion, our observations support the view that the
multidisciplinary stroke unit, which focuses on both acute
care and acute rehabilitation, has an independent effect on
reducing length of stay. The effect is large and seems to imply
the potential for large cost-savings, which may help admin-
istrators endorse the development of stroke unit care in North
America. Such development should occur with prospective
study to better-define the effect of stroke units in routine
care/health service in the future.

Sources of Funding

M.D.H. is funded by the Heart & Stroke Foundation of Alberta,
NWT, NU, and the Canadian Institutes for Health Research. A.M.D.
is funded by the Alberta Heritage Foundation for Medical Research.
P.A.B. is funded by the Alberta Heritage Foundation for Medical
Research and the Heart & Stroke Foundation of Alberta, NWT,
NU. T.L.G. has been funded by the Heart & Stroke Foundation of
Canada, the Canadian Stroke Network, the Alberta Heritage Foun-
dation for Medical Research, and the FUTURE Program for Cardio-
vascular Nurse Scientists.

Disclosures
None.

References

1. Candelise L, Gattinoni M, Bersano A, Micieli G, Sterzi R, Morabito A.
Stroke-unit care for acute stroke patients: An observational follow-up
study. Lancet. 2007;369:299-305.

2. Strand T, Asplund K, Eriksson S, Hagg E, Lithner F, Wester PO. A
non-intensive stroke unit reduces functional disability and the need for
long-term hospitalization. Stroke. 1985;16:29-34.

3. Kalra L, Dale P, Crome P. Improving stroke rehabilitation. A controlled
study. Stroke. 1993;24:1462-1467.

4. Kaste MPH, Sarna S. Where and how should elderly stroke patients be
treated? A randomized trial. Stroke. 1995;26:249-253.

5. Juby LC LN, Berman P. The effect of a stroke rehabilitation unit on
functional and psychological outcome: A randomised controlled trial.
Cerebrovasc Dis. 1996;106:106—110.

6. Jorgensen HS, Nakayama H, Raaschou HO, Larsen K, Hubbe P, Olsen
TS. The effect of a stroke unit: Reductions in mortality, discharge rate to

20.

21.

22.

23.

24.

25.

26.

27.

Zhu et al Impact of a Stroke Unit 23

nursing home, length of hospital stay, and cost. A community-based
study. Stroke. 1995;26:1178-1182.

. Indredavik B, Bakke F, Solberg R, Rokseth R, Haaheim LL, Holme I.

Benefit of a stroke unit: A randomized controlled trial. Stroke. 1991;22:
1026-1031.

. Collaborative systematic review of the randomised trials of organised

inpatient (stroke unit) care after stroke. Stroke unit trialists’ collaboration.
BMJ. 1997;314:1151-1159.

. Organised inpatient (stroke unit) care for stroke. Stroke unit trialists’

collaboration. Cochrane Database Syst Rev. 2000:CD000197.

. Walker SWM, Wilks J, Nicol J. Comparing ICD-9-CM and ICD-10

classification systems in a primary health care setting: Some initial
observations. Health Inf Manag. 1995;25:83—86.

. Comparison of ICD-9-CM and ICD-10. Australian modifications; ICD-10

changes. Health Inf Manag. 1997;27:23-217.

. 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.

. 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.

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

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

. Thombs BD, Singh VA, Halonen J, Diallo A, Milner SM. The effects of

preexisting medical comorbidities on mortality and length of hospital stay
in acute burn injury: Evidence from a national sample of 31,338 adult
patients. Ann Surg. 2007;245:629—634.

. Fischer U, Arnold M, Nedeltchev K, Schoenenberger RA, Kappeler L,

Hollinger P, Schroth G, Ballinari P, Mattle HP. Impact of comorbidity on
ischemic stroke outcome. Acta Neurol Scand. 2006;113:108-113.

. Monane M, Kanter DS, Glynn RJ, Avorn J. Variability in length of

hospitalization for stroke. The role of managed care in an elderly popu-
lation. Arch Neurol. 1996;53:875—880.

. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC,

Saunders LD, Beck CA, Feasby TE, Ghali WA. Coding algorithms for
defining comorbidities in ICD-9-CM and ICD-10 administrative data.
Med Care. 2005;43:1130-1139.

. Field TS, Green TL, Roy K, Pedersen J, Hill MD. Trends in hospital

admission for stroke in calgary. Can J Neurol Sci. 2004;31:387-393.
Davenport RJ, Dennis MS, Warlow CP. Effect of correcting outcome data
for case mix: An example from stroke medicine. BMJ,. 1996;312:
1503-1505.

Phillips SJ, Eskes GA, Gubitz GJ. Description and evaluation of an acute
stroke unit. CMAJ. 2002;167:655—660.

Alberts MJ, Latchaw RE, Selman WR, Shephard T, Hadley MN, Brass
LM, Koroshetz W, Marler JR, Booss J, Zorowitz RD, Croft JB, Magnis
E, Mulligan D, Jagoda A, O’Connor R, Cawley CM, Connors JJ, Rose-
DeRenzy JA, Emr M, Warren M, Walker MD. Recommendations for
comprehensive stroke centers: A consensus statement from the brain
attack coalition. Stroke. 36:1597-1616.

Kaste M, Skyhoj T, Olsen J, Orgogozo J, Bogousslavsky W, Hacke W.
Organization of stroke care: Education, stroke units and rehabilitation.
European stroke initiative (eusi). Cerebrovasc Dis. 2000;10:1-11.
Alberts MJ, Hademenos G, Latchaw RE, Jagoda A, Marler JR, Mayberg
MR, Starke RD, Todd HW, Viste KM, Girgus M, Shephard T, Emr M,
Shwayder P, Walker MD. Recommendations for the establishment of
primary stroke centers. Brain attack coalition. JAMA. 2000;283.:23.
Wilson E, Taylor G, Phillips S, Stewart PJ, Dickinson G, Ramsden VR,
Teasell RW, Mayo N, Tu J, Elson S, Strauss B. Creating a canadian stroke
system. CMAJ. 2001;164:1853-1855.

Hakim AMSF, Hodgson C. Is canada falling behind international
standards for stroke care? CMAJ. 1998;159:671-673.

Kokotailo RA, Hill MD. Coding of stroke and stroke risk factors using
international classification of diseases, revisions 9 and 10. Stroke. 2005;
36:1776-1781.

Downloaded from http://stroke.ahajournals.org/ by guest on August 20, 2011


http://stroke.ahajournals.org/

