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Effectiveness of Stroke Reha
bilitation Compared between
Intensive and Nonintensive Rehabilitation Protocol: A

Multicenter Study
F
tion
Ins
cin
Tha
R
F
A

ver
1
©
h

Jou
Pattra Wattanapan, MD,* Pranee Lukkanapichonchut, MD,†

Pornpimon Massakulpan, MD,‡ Sumalee Suethanapornkul, MD,§ and
Vilai Kuptniratsaikul, MD║
rom the *Department
Medicine, Ratchabur

titute, Ministry of Pub
e, Bangkok, Thailand
iland.
eceived December 18,
unding: This study wa
ddress correspondenc
sity, Thailand, 10700. T
052-3057/$ - see front
2020 Elsevier Inc. All
ttps://doi.org/10.101

rnal of Stroke and Cer
Background and aim: Stroke is one of the leading causes of death, physical disability,
and economic burden. Nowadays, various types of rehabilitation are available.
Rehabilitation centers in Thailand provide services in different ways, including
starting time, duration, and frequency of each therapy. In addition, many rehabilita-
tion wards have a standing policy to reduce length of stay (LOS) due to economic
considerations. This study aimed to compare the effectiveness and efficiency
between intensive and nonintensive rehabilitation protocol for stroke patients.
Methods: This prospective, multicenter cohort study was conducted among stroke
patients who admitted to rehabilitation wards at 14 centers. All participants
received either intensive or non-intensive rehabilitation program. Barthel Index (BI)
at admission (BIad), BI at discharge (BIdc), and LOS were recorded. The effective-
ness was difference in BIdc and BIad score (DBI), and the efficiency was DBI
divided by LOS (DBI/LOS). Results: Seven hundred and eighty stroke patients
were included. Mean age was 61.9 § 13.3 years, and 59.7% were male. The majority
of patients (79.5%) were admitted for intensive rehabilitation. Effectiveness and effi-
ciency were significantly higher in the intensive group than in the nonintensive
group (4.5 § 3.4 versus 2.6 § 3.2 and .24 § .30 versus .18 § .33, respectively). LOS,
intensive rehabilitation, and quality of life were significantly positively correlated
with effectiveness; whereas, age, onset to admission interval (OAI), and BIad were
significantly negatively correlated with the effectiveness of stroke rehabilitation.
Conclusions: Stroke patients admitted for intensive rehabilitation had better effec-
tiveness and efficiency than those admitted for non-intensive rehabilitation. Youn-
ger patients with shorter OAI, lower BIad, and longer LOS realized significantly
enhanced effectiveness.
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Introduction

Stroke is one of the leading causes of death, physical
disability, and economic burden.1,2 Most stroke survivors
have enduring motor disability, which often results in
activity limitation and participation restriction.3 Approxi-
mately 40% of stroke patients were discharged to inpa-
tient rehabilitation services.4 Well-organized postacute
care with interdisciplinary rehabilitation would help to
improve the ability of stroke survivors.5,6 Rehabilitation
programs are designed on a patient-to-patient basis
according to each patient’s level of disability and learning
ability. Although there are fundamental principles of
rehabilitation for each type of disability, rehabilitation
protocols can vary from center to center. Stroke recovery
outcome depends on many factors, including age, severity
of stroke, comorbidity, cognitive function, duration of dis-
ease, and family support.7,8 Rehabilitation service, which
provides an effective rehabilitation program using orga-
nized and accepted practice guidelines, is one of the fac-
tors that contributes to good functional recovery in stroke
survivors.2

There are currently many types of rehabilitation service
available, including very early rehabilitation, early inten-
sive rehabilitation, extended rehabilitation service, and
home-based rehabilitation. Many studies have been con-
ducted to evaluate the effectiveness of rehabilitation after
stroke. Previous studies reported that early mobilization
of acute stroke patients reduces complications related to
immobility and decreases hospital length of stay.9,10 Bier-
naskie, et al reported that early rehabilitation after stroke
enhances brain recovery, but that this effect declines over
time.11 In contrast, Langhorne, et al conducted a multicen-
ter, randomized controlled trial study to evaluate the
effect of routine care (the normal poststroke care protocol
at each center) compared to very early rehabilitation after
stroke (defined as starting less than 24 hours after onset,
and performed 3 sessions each day in addition to usual
care). Their results showed that routine stroke care had
more favorable outcomes at 3 months.12 Yaqi et al retro-
spectively collected data from the national acute care
inpatient database in Japan relative to ischemic stroke
patients that received post-stroke rehabilitation during
April 2012 to March 2014. They found that early rehabili-
tation (starting within 3 days after admission) and inten-
sive rehabilitation (more than 5 rehabilitation units/day,
1 unit = 20 minutes) both associated with good functional
recovery.13 Similarly, Kinoshita, et al found rehabilitation
with a frequency of 7 days per week to be associated with
favorable functional recovery in patients with acute
stroke.14

Rehabilitation centers in Thailand provide services in
different ways, including starting time, duration, and fre-
quency of each therapy. Nowadays, only 14 rehabilitation
centers in Thailand have provided the inpatient rehabilita-
tion. After acute stroke care, most of stroke patients are
referred back to community hospital which could not pro-
vide intensive rehabilitation, only few patients are trans-
ferred to rehabilitation ward for rehabilitation in the same
admission. Due to limitation of rehabilitation bed in each
center, some stroke patients receive rehabilitation pro-
gram late, may be 2-3 months after the onset of stroke. In
addition, many rehabilitation wards have a standing pol-
icy to reduce length of stay due to economic considera-
tions. Thus, these factors have an effect on the outcome of
rehabilitation program, the aim of this study was to deter-
mine the effectiveness and efficiency of rehabilitation in
stroke patients in Thailand compared between intensive
and non-intensive rehabilitation admission protocol.

Methods

This prospective, multicenter cohort study enrolled
stroke patients admitted for inpatient rehabilitation at 14
different rehabilitation units located across Thailand. This
study was part of a Key Performance Indicator project
that aimed to report the effectiveness of inpatient rehabili-
tation at 2 rehabilitation centers, 7 university hospitals,
and 5 general hospitals.15 The protocol for this study was
approved by the Institutional Review Board of each par-
ticipating center, and complied with the principles set
forth in the Declaration of Helsinki (1964) and all of its
subsequent amendments. Written informed consent was
obtained from all participating subjects.
Type of admission was categorized as either intensive

or nonintensive rehabilitation. Patients admitted for inten-
sive program could tolerate rehabilitation at least 3 hours
per day, 5 days per week. Patients admitted for noninten-
sive satisfied 1 or more of the following criteria: (1) patient
could tolerate less than 2 hours per day; (2) patients
admitted for investigation; (3) patients admitted so that
their caregiver could receive caregiver skills training;
and/or, (4) patients admitted to be treated for complica-
tions.
Patient characteristics, such as age, gender, onset to

admission interval (OAI), type of admission, rehabilitation
impairment category, and comorbidities were collected
and recorded. Complications that developed during reha-
bilitation were also recorded, including urinary tract infec-
tion, musculoskeletal pain, deep vein thrombosis, pressure
ulcer, and spasticity. Quality of life (QoL) was assessed
both at admission and at discharge using EQ-5D-3L.16 This
tool consists of 5 dimensions, including mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression.
Each dimension has 3 response options, as follows: no
problems, some/moderate problems, and unable/extreme
problems. The higher the overall QoL score, the higher the
patient’s QoL. Functional outcomes were evaluated using
Barthel Index (BI) score at admission (BIad) and at dis-
charge (BIdc). BI score ranges from 0-20, with a higher
score indicating a greater degree of patient independence.17

Length of stay (LOS) was also recorded. Effectiveness was



Table 1. Demographic and clinical data of 780 stroke patients

admitted for rehabilitation

Variables (N = 780)

Gender, n (%)

Male 466 (59.7%)

Female 314 (40.3%)

Age, mean § SD 61.9 § 13.3

Onset admission interval (months),

median (range)

2.0 (.03-360)

Onset admission interval (months),

mean § SD

8.5 § 25.7

Rehabilitation impairment category, n (%)

Left body 357 (45.8%)

Right body 343 (44.0%)

Bilateral 67 (8.6%)

Other stroke 13 (1.7%)

Type of admission, n (%)

Intensive 620 (79.5%)

Less intensive 64 (8.2%)

Investigation 3 (.4%)

Caregiver training 44 (5.6%)

Treat complication 4 (.5%)

Others 45 (5.8%)

Having complication during

rehabilitation, n (%)

182 (23.3%)

Abbreviation: SD, standard deviation.
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calculated using the following equation: DBI = BIdc minus
BIad. Efficiency was calculated using the following equa-
tion: DBI divided by LOS. Factors related to effectiveness
were also analyzed by univariate and multivariate analysis.

Statistical Analysis

Data analysis was performed using PASW Statistics
(SPSS) 18.0 (SPSS Inc., Chicago, IL). Demographic data
were summarized using descriptive statistics. Categorical
data was presented as number and percentage, and con-
tinuous data was presented as mean § standard deviation
or median and range. Student’s t test was used to compare
effectiveness and efficiency of stroke patients during reha-
bilitation between intensive and nonintensive types of
admission. Univariate analysis was performed to individ-
ually evaluate the significance of each factor. The factors
related to the effective of rehabilitation were analyzed
using Student’s t test and 1-way analysis of variance for
categorical data. Pearson’s and Spearman’s rank correla-
tion were applied for continuous data. All factors with a
P value of less than .05 in univariate analysis were included
in multiple linear regression analysis. A P value less than
.05 was regarded as being statistically significant.

Results

Seven hundred and eighty stroke patients from 14 reha-
bilitation centers were included. Mean age was 61.9 §
13.3 years, and 59.7% were male. The median OAI was
2.0 months (range: 0.03-360). Left and right side of body
was involved in 45.8% and 44.0% of cases, respectively.
Most patients (79.5%) were admitted for intensive rehabil-
itation program. Approximately one-fourth of patients
developed complications during the rehabilitation period
(Table 1).
Effectiveness and efficiency of stroke patients during

rehabilitation by type of admission is shown in Table 2.
Mean effectiveness (DBI) of stroke patients after rehabilita-
tion was 4.1 § 3.5, with a mean LOS of 27.9 § 17.3 days.
Table 2. Effectiveness and efficiency of stroke patie

Variables Total cases (N = 780) Mean § SD

(n =

BI admission 7.6 § 4.7

BI discharge 11.7 § 5.5

Effectivenessy 4.1 § 3.5

Length of stay 27.9 § 17.3

Efficiencyz .23 § .31

Abbreviations:4, change/difference; BI, Barthel Index; LOS, length o

A P value < .05 indicates statistical significance.

The bold and italic values indicates statistical significance.

*Nonintensive included less-intensive, investigation, caregiver tra
†Effectiveness =4BI.
‡Efficiency = (4BI/LOS).
Mean efficiency was .23 § .31 per day of admission. Stroke
patients admitted for intensive program had significantly
higher BIad, BIdc, effectiveness, and efficiency scores than
patients admitted for nonintensive program. LOS was lon-
ger in the intensive program group, but the difference
between groups was not statistically significant.
Relative to the effectiveness of rehabilitation services for

stroke patients, LOS, intensive rehabilitation admission,
and increased QoL were found to be significantly posi-
tively correlated with effectiveness; whereas, age, OAI,
and BIad were significantly negatively correlated with the
effectiveness of stroke rehabilitation (Table 3).
nts during rehabilitation by type of admission

Types of admission P value

Intensive

620) Mean § SD

Nonintensive*

(n = 160) Mean § SD

8.0 § 4.5 6.2 § 5.4 <.001

12.5 §5 .0 8.8 § 6.2 <.001

4.5 § 3.4 2.6 § 3.2 <.001

28.5 § 17.1 25.9 § 18.0 0.099

.24 § .30 0.18 § .33 .032

f stay; SD, standard deviation.

ining, and treat complications.



Table 3. Factors related to the effectiveness (mean4BI) of rehabilitation in stroke patients (N = 780)

Variables N Univariate analysis Multivariate analysis

Change in BI score

Mean § SD P value b SE (b) P value

Gender .290

Female 314 3.93 § 3.25

Male 466 4.20 § 3.59

Age (years) 780 r =�.152 <.001 �.042 .011 <.001

LOS (days) 780 r = .138 <.001 .025 .007 .001

OAI (months) 767 r=�.368 <.001 �.010 .005 .027

Type of admission <.001

Nonintensive 160 2.58 § 3.24

Intensive 620 4.48 § 3.41 1.203 .332 <.001

complication during admission .619

No 598 4.12 § 3.44

Yes 182 3.98 § 3.51

BIad 780 r =�.126 <.001 �.177 .030 <.001

4QoL (EQ-5D) <.001

No change or decreased 189 2.73 § 2.96

Increased 372 5.05 § 3.54 2.235 .284 <.001

Type of medical facility .993

University hospital 233 4.08 § 3.69

Rehabilitation center 354 4.08 § 3.49

General hospital 193 4.11 § 3.10

Abbreviations: BI, Barthel Index; EQ-5D, Euro quality of life 5 dimensions; LOS, length of stay; OAI, onset to admission interval; QoL,

quality of life; SD, standard deviation; SE, standard error.

A P value < .05 indicates statistical significance.

The bold and italic values indicates statistical significance.
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Discussion

The results of this study show that stroke patients
admitted for intensive program had better outcomes than
those admitted for nonintensive program, including func-
tional score, effectiveness, and efficiency. This difference
between groups may be explained by the fact that inten-
sive program patients could tolerate at least 3 hours of
rehabilitation per day, which is longer than the duration
of daily rehabilitation received by nonintensive group
patients. Chan, et al reported that higher-intensity rehabil-
itation program reduced costs and improved outcomes in
stroke patients.18 Imura, et al found that early and inten-
sive rehabilitation program had a positive effect on func-
tional improvement in stroke patients with no increase in
adverse events.19 A 2014 Cochrane Review in functional
recovery of stroke after rehabilitation revealed that high-
dose rehabilitation consisting of 30-60 minutes per day,
5-7 days per week yielded more benefit.6 Nonintensive
rehabilitation program is suitable for patients who are
thought to have a low potential for rehabilitation, such as
patients that require more time for recovery. This low-
potential patient population is also at higher risk for
development of complications that could interfere with
the intended rehabilitation outcome. Especially in limited
resource settings, the appropriate selection and allocation
of cases admitted for inpatient rehabilitation into high
and low-intensity programs is cost-effective and yields
better functional outcomes. In 2017, Pattanasuwanna and
Kuptniratsaikul performed a retrospective study of out-
comes of stroke patients receiving rehabilitation program
during 2010-2014. They found that patients admitted for
intensive program gained more effectiveness and effi-
ciency than those who received non-intensive program.20

Concerning factors related to effectiveness or mean
change in BI score, this study found LOS, intensive type
of admission, and increased QoL score to be significantly
positively correlated with effectiveness; while, age, OAI,
and BIad were significantly negatively correlated with
effectiveness of rehabilitation in stroke patients. BI score
at admission was the most informative predictor of reha-
bilitation outcomes.8 A 2017 study found that patients
with a higher BI at admission had less change in BI score
between admission and discharge.20 This may be due to
the ceiling effect of BI,21,22 and may not reflect actual
improvement (DBI) compared with potential improve-
ment after completion of rehabilitation (BImax-BIad).

20

Specific to LOS, a 2009 multicenter study by Kuptnirat-
saikul, et al in 327 stroke patients receiving rehabilitation
at 9 tertiary hospitals of Thailand found a longer LOS to
be positively correlated with effectiveness of treatment
during the rehabilitation period.23 Teasell, et al reported
that severe stroke patients with a functional independence
measure score below 40 and an inability to ambulate were
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admitted to a specialized multidisciplinary rehabilitation
program for a period of close to 3 months. After rehabili-
tation, 43% of those patients were able to return home,
and 28% were no longer wheelchair dependent.24

Age is an important determinant of stroke outcome.
Meyer, et al found age to be strongly correlated with func-
tional outcomes in stroke patients.8 Stroke during older
age may have more pathology in different brain regions,
so it can cause more deficits and result in more comorbid-
ity compared to younger stroke patients.25 In addition,
the process of neuroplasticity is slower and poorer in an
older brain than in a younger brain.26 Moreover, cognitive
function, particularly memory function, declines with
increasing age,27 so more time is needed for adaptation
and for learning new information.
Regarding OAI, we found significant correlation

between shorter OAI and higher effectiveness of rehabili-
tation treatment. Many studies demonstrated association
between early admission to rehabilitation and better func-
tional outcomes. Paolucci, et al conducted a prospective
study in the outcomes of stroke patients who were admit-
ted to rehabilitation at different times after stroke onset.28

They found that stroke patients who received rehabilita-
tion early did better functionally than those whose reha-
bilitation was delayed. Maulden, et al found early
rehabilitation admission to be significantly associated
with better functional outcomes in severe stroke, and
shorter LOS in rehabilitation wards.29

Another factor related to the effectiveness of rehabilita-
tion treatment was increased QoL score after completion
of rehabilitation. Many studies reported better QoL as a
result of improvement in function. A 2008 multicenter
study by Manimmanakorn, et al that included 9 tertiary
hospitals in Thailand studied QoL after stroke rehabilita-
tion and found that QoL evaluated by WHO-QOL-BREF
questionnaire improved after inpatient rehabilitation pro-
gram.30 Madden, et al examined changes in functions and
QoL during rehabilitation period, and found that both
functional status and QoL substantially improved during
the rehabilitation period.31 A study by Hopman and
Verner assessed QoL during rehabilitation using SF-36,
and found considerable gains in QoL during inpatient
stroke rehabilitation. However, those improvements were
not sustained, as the score declined within 6 months after
discharge.32

This study is limited by the fact that we included
patients treated only at centers with dedicated inpatient
rehabilitation wards. As such, our findings may not be
generalizable to other levels of care or other hospitals that
do not offer inpatient rehabilitation services. The other
limitation is the difference in characteristics of participants
in each group (intensive versus intensive rehabilitation)
such as Barthel’s index score at the admission which influ-
ences the outcome of rehabilitation program. Moreover,
this study recruited stroke patients in all stages, the high
standard deviation of the onset admission interval
showed the variability of the participants. The strengths
of this study include its prospective design, the fact that a
range of types of centers were included (7 medical
schools, 5 general hospitals, and 2 rehabilitation centers),
and that 4 of 6 regions of Thailand were represented.
Moreover, all study participants were recruited within the
same 1-year period (2012), so this data can be considered
representative of the effectiveness of rehabilitation serv-
ices for stroke patients in Thailand.
Summary and Conclusion

Stroke patients admitted for intensive rehabilitation
had better effectiveness and efficiency than those admit-
ted for non-intensive rehabilitation. Younger patients
with shorter OAI, lower BIad, increased QoL score, and
longer LOS realized significantly enhanced effectiveness.
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