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Abstract 

Inpatient rehabilitation has been tradition-
ally employed in developed countries, while in
developing countries, outpatient rehabilitation
is the rule. The purpose of this study was to
compare the patterns of recovery of upper
extremity (UE) function, global impairment
and independence in activities of daily living
(ADL) during the first month after ischemic
stroke in inpatient (United States) and outpa-
tient (Brazil) rehabilitation settings. 
This is a prospective cohort comparison

study. Twenty patients from each country were
selected using identical inclusion criteria. 
The study measures employed were the UE

portion of the Fugl-Meyer scale, the Action
Research Arm test, the National Institutes of
Health Stroke Scale and Barthel Index.
Changes from baseline to the end of treatment,
efficiency and effectiveness of each treatment
were compared. 
Both populations exhibited significant

improvement between the first and second
evaluations in the four outcome scales
(p<0.0001). There were no differences bet -
ween the two rehabilitation settings on any of
the four dependent measures (p>0.05). 
Substantially different treatment approach-

es after ischemic stroke led to similar results
in UE function, global impairment and ADL.
Further studies in larger populations should be
performed in order to confirm the present
results.

Introduction

Stroke is a leading cause of neurological dis-
ability in the western world1 and affects health
care systems globally. There are great varia-
tions between countries in how stroke rehabil-
itation care is delivered. Choices are driven by
public health, cultural, political, and economic
circumstances.2-4

In developed countries, an inpatient rehabil-
itation stay is typical, and occurs after an acute
hospitalization that can vary from 3-48 days
after stroke.5 These inpatient treatments can
include an organized multidisciplinary setting,
incorporating a team of physicians, nurses and
therapists or may occur in general wards with-
out a coordinated, multidisciplinary team
care.6 In contrast, resources for rehabilitation
are more limited in developing countries,
where most patients may undergo restricted
outpatient rehabilitation, or receive no organ-
ized rehabilitation. 
Meta-analyses have concluded that organ-

ized inpatient stroke care is more likely to
reduce death, the odds of institutionalization
and improves independence when compared to
the care provided on general wards.7 Meta-
analyses comparing inpatient and daily outpa-
tient rehabilitation after the acute stroke
phase have shown that the functional inde-
pendence is similar.8,9 Some studies have
reported that outpatient strategies may be
more advantageous in terms of increased per-
sonal satisfaction,10 a shorter hospital stay and
lower costs.11-13

However, to our knowledge, no study has
compared the recovery of stroke patients under
organized inpatient with outpatient rehabilita-
tion (twice a week). Therefore, we compared
the patterns of motor recovery in the upper
extremity (UE), global impairment and inde-
pendence in basic activities of daily living
(ADL) throughout the first month after
ischemic stroke in patients who underwent a
typical U.S. organized inpatient rehabilitation
stay with similar patients who received the
twice a week outpatient rehabilitation typical-
ly delivered in parts of Brazil. We hypothesized
that patients who met the criteria for organ-
ized inpatient rehabilitation in the U.S. would
show better patterns of recovery than the out-
patient rehabilitation setting in Brazil. 

Materials and Methods

Study design
This was a prospective cohort comparison

study which included a group of subjects
undergoing inpatient ischemic stroke rehabil-
itation in the United States and a group of sub-

jects with similar clinical characteristics
undergoing outpatient therapies in Brazil.
Both groups were selected using identical
inclusion criteria, and both received the local
standard of care for post-stroke treatment. The
Institutional Review Boards of both universi-
ties reviewed and approved this study. Only
individuals able to provide informed consent
were included. Data from the inpatient reha-
bilitation group was collected in the U.S.
between April and October 2002.  Data from
the outpatient group was collected in Brazil
between November 2002 and May 2003.

Patients
Patients were selected according to the fol-

lowing inclusion criteria: 1) ischemic stroke
confirmed by neuroimaging; 2) score of at least
1 in the UE item of the National Institutes of
Health Stroke Scale (NIHSS); 3) maximum of
14 days between stroke onset and the first eval-
uation; 4) no history of stroke or no residual
deficits from prior stroke; 5) ability to follow
three step commands with the less affected UE;
5) ability to provide informed consent.
Individuals were excluded if they had: 1) active
serious mental disorder or delirium; 2) pres-
ence of important visual-spatial deficit as meas-
ured by a score of greater than 1 on the NIHSS
neglect item 3) less than a two-week inpatient
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rehabilitation stay (U.S. group) 4) stroke
between evaluations, and 5) UE amputation.
The cohort receiving organized inpatient

rehabilitation care was recruited at the
Healthsouth Rehabilitation Institute of St
Louis, a for-profit academic rehabilitation hos-
pital in St. Louis, Missouri, USA, a city of
350,000 people embedded within a metropoli-
tan area of 2.6 million people.  Individuals are
typically admitted for inpatient rehabilitation
within a few days of stroke onset, and undergo
a coordinated, interdisciplinary rehabilitation
program provided by a specialized stroke reha-
bilitation service. Most undergo outpatient
therapy treatment after discharge from inpa-
tient rehabilitation. More than 90% of stroke
patients are referred from Barnes-Jewish
Hospital, a non-profit tertiary care inner city
teaching hospital. Fifty-eight consecutively
admitted ischemic stroke patients were
assessed by the investigators between April
and October 2002. Twenty subjects met the eli-
gibility criteria and were enrolled.  
The cohort receiving outpatient rehabilita-

tion twice a week was recruited at the
Emergency Unit of the University Hospital of
Ribeirão Preto, São Paulo, Brazil. This is a gov-
ernment-funded teaching hospital designated
as a center for acute stroke care in the city of
Riberão Preto (population of approximately
550,000 people). No inpatient rehabilitation
services are available for stroke patients, and
the standard of care is twice a week outpatient
therapy. Eighty-five consecutively admitted
stoke patients were screened for eligibility to
accrue 20 study participants.  

Study measures
Fugl-Meyer14
In the UE subscale of the Fugl-Meyer (FM),

the patient is asked to make movements that
are considered to reflect the sequential stages
of flexion and extension synergies, and the
ability to perform selective movements. The
section consists of 32 items, which represent
movement components, rated on a three-point
ordinal scale, 0-2. The maximum score is 66.
Reliability and validity are well documented.15

Action Research Arm Test16
The Action Research Arm Test (ARA) is a

scale for functional assessment of strength
and coordination. The ARA includes 19 items
divided into four subscales: grasp, grip, pinch,
and gross movement. Reliability, construct
validity, and predictive validity of the ARA have
been well established.17 The ARA uses ordinal
scoring for each subtest item. Item scores are
added together to create subtest and a full-
scale score with a maximum score of 57.  

National Institutes of Health Stroke Scale18
The National Institutes of Health Stroke

Scale (NIHSS) evaluates cognitive, sensory

and motor impairments as indicators of stroke
severity. This 13-item test results in scores
ranging from 0 (no deficit) to 46 (severe
deficit). Its psychometric properties have been
established.19

Barthel Index20
The Barthel Index (BI) is a widely accepted

measure of ADL function used in stroke. The
Barthel Index includes the ten most common
areas of ADL function. The primary goal of the
BI is to document the level of independence
achieved in basic ADL functions such as
bathing, dressing grooming, transfers, ambu-
lation, bowel and bladder function, stairs and
toilet use. Reliability and validity are well doc-
umented.21 Scoring occurs on a 0-100 point
scale, wherein a higher score indicates a high-
er level of functional independence.

Study procedures
Collection of study measurements
The inpatient rehabilitation group (in the

U.S.) was examined within 24 hours of reha-
bilitation hospital admission and within 24
hours before discharge. The outpatient group
(in Brazil) was examined during 2 home vis-
its, and every effort was made to evaluate the
participants between days 7 and 12 for the ini-
tial time point, and between days 14 and 30 for
the second time point. Inpatients were
assessed at the hospital bedside, and outpa-
tients were assessed in their homes.  
Study measures were applied in a standard-

ized fashion. The NIHSS was performed with
the participant lying in bed, either in their hos-
pital bed or in their bedroom at home.  The FM
and ARA were performed in the seated position
with the chair and table heights adjusted for
each patient in the most appropriate position
to take their meals. 

Rehabilitation interventions 
The inpatient rehabilitation group (in the

U.S.) stayed in the rehabilitation inpatient
unit for an average of 22 days and typically
received 3-5 hours per day of therapies Monday
through to Friday, 1-2 hours on Saturday, and
none on Sundays. Specialist physician rehabil-
itation rounds were made 5-6 days per week.
Rehabilitation included physical, speech and
occupational therapy sessions. The interdisci-
plinary team also included a psychologist,
social worker and nutritionist. Participants
were evaluated weekly in team meetings.   
The outpatient rehabilitation group was dis-

charged to their homes once neurologically
stable. According to the local standard of care,
they underwent outpatient rehabilitation twice
a week for a total of six hours of physical ther-
apy per patient. Therapists used a neuro-devel-
opmental approach.22 No patient had speech or
occupational therapy treatment. 

Data analysis
Cohort selection 
Demographic characteristics were compared

in the two groups: age, sex, race, years of edu-
cation, living alone, affected side, presence of
hemi-inattention, global neurological impair-
ment, independence on the ADL scale, UE
impairment and disability, days between stroke
onset and first evaluation, days between first
and second evaluation, previous BI, medical co-
morbidities and Oxfordshire classification.23

The following variables were dicho t o m i z ed: liv-
ing alone, hemi-inattention, lacunar infarct,
presence of hypertension, diabetes mellitus,
ischemic heart disease, atrial fibrillation, con-
gestive heart failure, previous stroke, smoking
and alcoholism. No patients in either cohort
had rt-PA treatment during the acute phase.

Statistical analysis 
Student’s t-test was used to compare the dif-

ferences in age, education, days between
stroke and first evaluation by NIHSS, FM and
BI. For the variables “days between the first
and the second evaluation” and the ARA test,
which were not normally distributed, non-
parametric testing was applied (Mann-
Whitney test). The χ2 and Fisher’s exact test
were applied to compare race, sex, living alone,
affected side, presence of hemi-inattention,
Oxfordshire classification and co-morbidities.
Fisher’s test was used when the criteria for χ2

testing were not fulfilled. 
Changes in the impairment and disability

scales from baseline to the end of treatment,
efficiency and effectiveness were calculated.
Efficiency was defined as the amount of
improvement obtained per day during the time
of rehabilitation [(second evaluation-first
evaluation)÷number of days between two eval-
uations]. Effectiveness was defined as the pro-
portion of the improvement obtained during
rehabilitation in relation to the maximum
potential of recovery [(second evaluation-first
evaluation)÷(maximum scale score-first eval-
uation)x100].24,25

To establish the outcome of each interven-
tion, changes were compared separately for
each group to determine if there was a differ-
ence between the initial and final time points.
Thereafter, changes between groups were
compared by analysis of variance for repeated
measures (ANOVA). The efficiency and effec-
tiveness of treatment of each population were
compared using the t-test for independent
measures. Results were considered to be sig-
nificant if p<0.05. All data analyses were com-
puted using the software SPSS for Windows.

Results

The baseline characteristics of the two
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groups are shown in Table 1. There was no sig-
nificant difference in age, sex, race, living
alone or previous BI between the two groups
(p>0.05). A 10-year difference in education (in
years of education) was observed (p<0.001).
There were no significant differences in the
intervals from stroke onset to first evaluation,
or from first to second study evaluation.  The
incidence of co-morbidities was similar for
both groups (p>0.05). 
Table 2 shows that stroke characteristics

were well matched at the time of the first eval-
uation.  There were no significant differences
in stroke severity (measured by the total
NIHSS), or stroke type (Oxfordshire Stroke
Classification). Both groups had moderate
impairment, as shown by a mean NIHSS of
6.7±3.8 for the inpatient group and a mean of
8.6±4.7 for the outpatient group (p=0.17).
There were no significant differences between
the two groups in UE motor impairment (FM-
UE), UE functional limitation (ARA), or basic
activities of daily living (BI).  
Table 3 reveals that when analyzed separate-

ly, the inpatient and outpatient groups had sig-
nificant improvement from the first to the sec-
ond evaluation as detected by the section for
UE of the FM and ARA test, NIHSS and BI
(p<0.001). In addition, the outcome changes
for efficiency and effectiveness (section for UE
in FM, ARA test, NIHSS  and BI) between treat-
ments did not reveal any significant difference
between the two groups (p>0.05) (Table 4).

Discussion

This was a “proof of concept” study,
designed to determine whether a study com-
paring two different rehabilitation strategies
in two different countries is feasible. We have
demonstrated that a cohort comparison study
design can yield two populations treated under
substantially different circumstances, which
nonetheless resemble each other on most
important demographic and clinical variables
thought to determine stroke outcome.  
The results of this pilot study do not support

the hypothesis that moderately affected stroke
patients benefit from intensive multidiscipli-
nary inpatient rehabilitation as opposed to out-
patient physical therapy. Our results also agree
with studies and meta-analyses that concluded
that early discharge from hospital with home
rehabilitation (early supported discharge) can
be as effective as inpatient rehabilitation.8-10,12

The main difference is that the present study
compared inpatient rehabilitation with non-
organized outpatient rehabilitation twice a
week, and the others compared inpatient reha-
bilitation with organized daily outpatient reha-
bilitation. 
One of the main goals of rehabilitation is to

promote the reinsertion of the patient in the
community. Based on this goal, it has been
proposed that home rehabilitation has a better
chance to reach these objectives.8 At home,
patients are forced to face real challenges in
daily life while hospital stay can determine
physical immobility, impairment of family rela-
tionships and social isolation.26

Our results must be interpreted with cau-
tion. Substantial effort was made to collect and
match representative samples from both loca-
tions, but the small number of subjects in each
sample might not have been sufficient to
reveal a significant difference between the two
groups. Therefore, type II error, due to limited
sampling is an alternative explanation for the
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Table 1. Demographic characteristics of the inpatient and outpatient groups.

Inpatient (N=20) Outpatient (N=20) p

Age (yr, mean±SD) 68.2±13.0 64.0±13.0 0.31*

Sex (% male) 65 65 1.00§

Race (%)
Caucasian 65 85
Black 35 15 0.14§

Education (yr, mean±SD) 12.4±3.6 2.7±2.7 <0.001*

Living alone (%) 35 30 0.74§

Pre-stroke BI≥95 (%) 80 100 0.10§

Interval, stroke onset to first 9.2±3.7 7.4±3.5 0.12*

evaluation (d, mean±SD)
Interval, first and second 22.0±10.4 22.5±9.2 0.39+

evaluation (d, mean±SD)
Medical co-morbidities (%)
Hypertension 60 80 0.16§

Diabetes 25 15 0.69*
Coronary disease 20 5 0.34*
Atrial fibrillation 10 20 0.66*
Heart failure 10 15 1.00*
Previous stroke 40 25 0.31§

Smoking 35 30 0.74*
Chronic alcohol abuse 5 5 1.00*

*t-test for independent samples; +Mann Whitney test; *Fischer’s exact test; §X2 test; BI: Barthel Index.

Table 2. Clinical/neurological status at the time of study enrollment.

Inpatient (N=20) Outpatient (N=20) p

FM-UE (mean±SD) 33.4±22.7 28.0±25.5 0.48*

ARA (mean±SD) 26.3±23.1 20.8±22.9 0.40+

NIHSS (mean±SD) 6.7±3.8 8.6±4.7 0.17*

Barthel Index (mean±SD) 55.7±20.6 49.0±29.8 0.40*

Side affected (% right) 35 30 0.73§

Neglect (%) 30 30 1.00§

Oxford classification(%)
Lacunar 50 35 0.33*
Partial anterior 30 40 0.50*
Total anterior 15 20 1.00*
Posterior 5 5 1.00*

*t -test for independent samples; +Mann Whitney test; *Fischer exact test; §X2 test
FM-UE, Fugl-Meyer upper extremity subscale; ARA, action research arm test; NIHSS, National Institutes of Health Stroke Scale. 

Table 3. Comparison of pre- and post-treatment outcome scores measure.

Inpatient (N=20) Outpatient (N=20)
Pre-treatment Post-treatment p Pre-treatment Post-treatment p

FM-UE 33.4±22.7 40.0±21.9 <0.001 28.0±25.5 36.6±23.8 < 0.001
ARA 26.3±23.1 32.3±25.0 <0.001 20.8±22.9 27.0±23.6 < 0.001
NIHSS 6.7±3.8 4.5±3.2 <0.001 8.6±4.7 5.8±5.4 < 0.001
BI 55.7±20.6 73.7±20.9 <0.001 49.0±29.8 66.5±29.5 < 0.001
FM-UE: Fugl-Meyer upper extremity subscale; ARA: action research arm test; NIHSS: National Institutes of Health Stroke Scale; BI: Barthel Index.



lack of statistical difference between the two
groups studied. Another factor to be consid-
ered is that most of the study participants had
mild impairment and these patients have a
good prognosis regardless of the interven-
tion.27 Also, one month of follow-up may not
have been sufficient to observe a long-term
beneficial effect. 
An important methodological concern in

selecting subjects from different countries is
appropriate matching for key clinical charac-
teristics such as the NIHSS, BI, FM, ARA,
Barthel index, Oxfordshire classification and
hemi-inattention. Despite the lack of a signifi-
cant difference between the two groups, the
outpatient group could have been favored by
the inclusion of patients with more severe
stroke, therefore with more potential for recov-
ery. The American group had more stroke sub-
types following the Oxfordshire Classification
with involvement of the anterior circulation
than the Brazilian group. Additionally, the pre-
stroke BI score was less than 100 in four U.S.
patients, but not in any in the Brazilian cohort.
The Brazilian group might also have been
favored in the first evaluation since it was
examined on average two days before the inpa-
tient group. This fact might have caused a
favorable effect for the outpatient group since
recovery is faster during the first days after
stroke.28,29

Our preliminary results also highlight the
need for studies comparing different rehabili-
tation strategies, since the superiority of inpa-
tient rehabilitation in this stroke population
could not be confirmed. Recruiting partici-
pants from countries with different standards
of care allows investigators to explore the
effectiveness of specific rehabilitation regi-
mens and reduce concerns about withholding
usual and customary care.  
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