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: Objective: To explore how post-acute care (PAC) for stroke

patients delivered by per-diem payment system in varying
hospitalization paths affects medical care utilization and
functional status.

Design, setting and patients: A longitudinal prospective
cohort study of 181 acute stroke patients in a southern
Taiwan hospital and patients were separated into two
groups: patients transferred from regional hospitals (group
1) and patients referred from medical centers (group 2).
Intervention: The intervention was a hospital based,
function oriented, 3- to 12-weeks rehabilitative PAC
intervention for patients with cerebrovascular diseases.
Measurements: Barthal Index, Functional Oral Intake Scale,
Instrumental Activities of Daily Living Scale, EuroQoL
Quality of Life Scale, and Berg Balance Scale.

Results: The average duration between day of stroke onset
and day of admission to PAC ward was significantly
(p<0.001) shorter in group 1 (9.88 days) compared to group
2 (17.11 days). The average duration of PAC was also
significantly (p<0.01) shorter in group 1 (25.51 days)
compared to group 2 (34.11 days). Finally, the average cost
of PAC under per-diem payment was significantly lower
(p<0.01) in group 1 (US$2, 637) compared to group 2

(US$3, 450). Functional status significantly (p<0.05)
improved in patients who had received rehabilitative PAC.
However, functional status did not significantly differ



between the two groups.

Conclusions: The most effective way to reduce the costs of
PAC for stroke patients is to minimize the duration of
their hospital stay before transfer to rehabilitative PAC.
Because it substantially reduces medical costs,
rehabilitative PAC should be considered standard care for
stroke patients.

# < B 43 ¢ Stroke; post-acute care; rehabilitation; per diem payment;
cost-effectiveness analysis
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Abstract

Objective: To explore how post-acute care (PAC) for stroke patients delivered by per-diem pay-
ment system in varying hospitalization paths affects medical care utilization and functional status.
Design, setting and patients: A longitudinal prospective cohort study of 181 acute stroke patients
in a southern Taiwan hospital and patients were separated into two groups: patients transferred
from regional hospitals (group 1) and patients referred from medical centers (group 2).
Intervention: The intervention was a hospital based, function oriented, 3- to 12-weeks rehabilita-
tive PAC intervention for patients with cerebrovascular diseases.

Measurements: Barthal Index, Functional Oral Intake Scale, Instrumental Activities of Daily Living
Scale, EuroQolL Quality of Life Scale, and Berg Balance Scale.

Results: The average duration between day of stroke onset and day of admission to PAC ward
was significantly (P < 0.001) shorter in group 1 (9.88 days) compared to group 2 (17.11 days). The
average duration of PAC was also significantly (P < 0.01) shorter in group 1 (25.51 days) compared
to group 2 (34.11 days). Finally, the average cost of PAC under per-diem payment was significantly
lower (P < 0.01) in group 1 (US$2637) compared to group 2 (US$3450). Functional status signifi-
cantly (P < 0.05) improved in patients who had received rehabilitative PAC. However, functional
status did not significantly differ between the two groups.

Conclusions: The most effective way to reduce the costs of PAC for stroke patients is to minimize
the duration of their hospital stay before transfer to rehabilitative PAC. Because it substantially
reduces medical costs, rehabilitative PAC should be considered standard care for stroke patients.

Key words: Stroke, post-acute care, rehabilitation, per-diem payment, cost-effectiveness analysis
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Introduction

According to the latest data from the World Health Organization
(WHO), stroke is the second-leading cause of death in the world [1, 2].
The potentially high economic burden of stroke treatment includes
long-term care costs and productivity losses [3]. In Taiwan, the total
expenditure on health (TEH) is 6.61% of gross domestic product,
which is a much smaller percentage compared to other developed
countries (e.g. 16.9% in USA; 11.2% in Japan; 9.0% (average) in
OECD) [4-6]. However, the percentage of TEH used for private
healthcare is higher in Taiwan than in other countries. In the USA, up
to 62.6-74.5% of stroke patients need rehabilitative post-acute care
(PAC) after hospital discharge [7]. An international literature review
by Kuptniratsaikul reported an average length of stay (LOS) of ~1
month for inpatient rehabilitation after stroke (e.g. 29.4 days in
Thailand, 31.3 days in Ireland, 31.2 days in Switzerland, 37.1 days in
Singapore) [8]. Compared to these countries, most states in the USA
have a lower average LOS for stroke (e.g. 21.9 days for the state of
Texas), possibly due to the higher economic burden of inpatient care
for stroke in the USA [7]. That is, the effect of rehabilitative PAC on
hospital LOS in stroke patients differs by country.

In Taiwan, the National Health Insurance (NHI) system is an
important social welfare policy and is widely recognized as one of the
best universal healthcare systems in the world [9-11], because it pro-
vides affordable yet high quality care with wide freedom of choice and
with easy access to ambulatory care. Polls show that public satisfaction
with the system is very high (e.g. 83.1% in 2016) [11]. As the Taiwan
population ages and as in-hospital care by specialists increases, rising
medical expenditures are a growing concern. Because the Taiwan
healthcare system has limited referral requirements, patients in Taiwan
feel free to visit their preferred physicians at community clinics or hos-
pital out-patient departments [11]. In large cities in Taiwan, stroke
patients who require PAC after admission to a medical center must
often wait for a rehabilitation bed to become available. Patients who
are denied a rehabilitation bed at a medical center often feel helpless
because they are unaware that adequate care may be available at a
local hospital. A study by Cotté FE ez al. reported that the three highest
costs of treating stroke patients were informal care cost, initial hospital-
ization cost and rehabilitation cost [12]. After acute treatment, care
and rehabilitation costs are a potentially huge burden [13]. Medical
costs for stroke are related to socioeconomic status [14]. After a stroke
event, inequality in socioeconomic status and survival increase mark-
edly over time [15]. Therefore, local hospitals can play an important
role by providing efficient and effective post-stroke rehabilitative care
with a lower cost burden and a greater convenience for stroke patients
and their families.

Payment systems may affect the behaviors of health providers and
medical outcomes [16]. Spending on hospital services has contributed
to increased total healthcare expenditures in most countries in Europe
and in the developed world [17]. Diagnosis-related groups (DRGs)-
based payment is increasingly used for treating stroke in the USA and
other countries [5, 18]. Different payment systems and treatments may
also lead to differences in medical resources utilization [18, 19].
Theoretically, the per-diem reimbursement method should reduce daily
expenditure but can increase LOS in the hospital [20]. Per-diem hos-
pital costs may also be affected by patient age, major diagnostic group,
risk, legal problems, activities of daily living (ADL) ability and the pres-
ence of psychotic or affective symptoms. In Europe, the currently
implemented per-diem payment system is mainly used for inpatient
treatment of mental disorders [20, 21]. No published studies have dis-
cussed per-diem reimbursement for inpatient stroke service.
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Many countries are attempting to build a comprehensive and inte-
grated system for short- and long-term healthcare. The Taiwan gov-
ernment chose to focus on stroke for its first national PAC project. A
2014 pilot study of PAC for cerebrovascular disease (PAC-CVD) in
stroke patients revealed several deficiencies in current treatment,
including prolonged hospital stay, high hospital readmission rate, lim-
ited availability of in-patient stroke rehabilitation programs and poor
coordination between medical centers and local hospitals. In this
PAC-CVD project, the inpatient stroke rehabilitation program had
five major differences from the current implementation policy. First,
the reimbursement was per-diem but not fee-for-service. Second, the
daily-implemented PAC rehabilitation programs were not limited to
one physical therapy, one occupational therapy and one speech ther-
apy treatments. Patients could receive more intensive and more fre-
quent rehabilitation programs. Third, every patient should have his or
her functional status re-evaluated every 3 weeks and these medical
records should be sent to the NHI system. Fourth, no matter which
hospital accreditation level (medical center, regional hospital or dis-
trict hospital) was used, the payment was all the same. Fifth, patients
could transfer smoothly to local hospitals under the assistance of the
case manager. Therefore, the objective of this study was to explore
how a per-diem payment system affects medical utilization during
PAC for stroke patients in Taiwan.

Materials and Methods

Study design and sample

The study population included all stroke patients admitted to the PAC
ward of a Taiwan hospital between March 2014 and September 2016
(defined as ICD-9-CM codes 433.x, 434.x, and 436.x for ischemic
stroke and codes 430 and 431 for hemorrhagic stroke, International
Classification of Diseases, Ninth Revision, Clinical Modification). The
inclusion criteria were (i) acute stroke; (ii) admission to the PAC ward
within 30 days after day of stroke onset and (iii) Modified Rankin
Scale (MRS) level 2—4. This study of human subjects received the insti-
tutional review board approval before the survey was initiated. The
patients were separated into group 1 (transferred from regional hos-
pital) and group 2 (referred from the medical centers). During the sam-
ple selection period, 188 patients were eligible for participation and
were interviewed before and after PAC. Seven cases were excluded due
to insufficient inpatient training days within 7 days. Subjects were
referred from neurology, neurosurgery, geriatrics or medical ward.
None was referred from rehabilitation ward.

The multidisciplinary stroke team included neurologists, physia-
trists, physical therapists, occupational therapists, speech therapists,
psychologists and nurses. The PAC rehabilitation program pre-
scribed by the physiatrist was a complex program of universal activ-
ities that were performed in at least three sessions per day. Each
patient received 1 hour of therapy (physical therapy, occupational
therapy or speech and swallowing therapy) during each session. The
programs, which were selected according to the condition of the
patient, included facilitation, passive range of motion exercise,
strengthening, therapeutic exercise, bed mobility training, balance
training, functional electric stimulation, training under suspension,
ambulation training, training using devices, transfer training, ADL
activity training, functional training, coordination training, posture
training, speech training and swallowing training. The rehabilitation
area and facility were recently established at this hospital.
Therefore, the PAC patients were not mixed with patients in the
out-patient department.
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Measuring instruments

Functional status was evaluated by Barthal Index (BI), Functional
Oral Intake Scale (FOIS), Instrumental ADL (IADL), EuroQoL
Quality of Life Scale (EQSD) and Berg Balance Scale (BBS). The BI
score was used to measure the level of functional disability by indic-
ating the ability to perform certain activities in daily life (e.g. dress-
ing, external care and going up and down stairs) [22]. The BI
consists of 10 items, with the maximum score implying complete
independence. The minimum score is 0, indicating that a patient is
totally dependent. The FOIS was used for assessing the functional
oral intake of stroke patients with dysphagia [23]. The FOIS was
classified in seven swallowing function levels. The level ranged from
nothing by mouth (level 1) to total oral diet with no restriction (level
7). The IADL is most useful for identifying how a person is function-
ing at the present time and for identifying improvement or deterior-
ation over time [24]. Historically, women were scored on all eight
areas of function; men were not scored in the domains of food prep-
aration, housekeeping and laundering. The EQSD examines the
patient’s view on mobility, self-care, usual activities, pain or discom-
fort, and anxiety or depression as part of a total health state. Each
part is awarded <3 points, the score representing no problem, some
problem or extreme problem (1, 2 or 3, respectively) [25]. A Taiwan
version of the EQSD has been validated as a reliable and valid tool
for measuring health-related quality of life in patients in Taiwan
[26, 27]. The BBS is a scale of functional balance [28]. It is a 14-
item test and each item is rated from 0 (i.e. poor balance) to 4 (i.e.
good balance). The perfect score is 56. Additionally, the Chinese
version of these measures has been validated and extensively used in
both clinical practice and research.

The following patient data obtained by records review were
tested as independent variables in this study: gender, type of stroke,
days between stroke onset and admitted to PAC ward, LOS in PAC
ward, and total treatment cost during PAC ward stay.

Statistical analysis

The unit of analysis in this study was the individual stroke patient.
Descriptive statistics were tabulated to depict the stroke patient
demographics. To reflect changes in real dollar value, all dollar
values were converted to their equivalent 2016 values; New Taiwan
Dollar (NTD) values were then converted to USD values at the aver-
age exchange rate over the 3-year period of 2014-2016 (31 NTD: 1
USD).

Longitudinal data were characterized by repeated observations of
the same patients with a high variability between patients but low vari-
ability within patients. The generalized estimating equations (GEE)
approach was developed to correct for repeated outcomes within the
same subject. Total score of each functional status measure was used
as a dependent variable as a function of time and effective covariates,
which included age, gender, type of stroke, stroke history and lengths
of stay after PAC. Restated, these effective predictive variables were
included in the GEE approach as covariates because they were statistic-
ally significant in the multivariable models and are considered consist-
ent predictors of functional status in much of the literature as well. The
GEE procedure under XT gee in Stata, version 12.0, was employed for
statistical analyses in this study.

Results

Table 1 compares the group 1 (transferred from the regional hos-
pital) and group 2 (referred from the medical centers) in terms of
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study characteristics. Group 2 had a significantly younger mean age
(P < 0.001), but gender did not significantly differ. In both groups,
the majority of patients had suffered from infraction stroke. But the
percentage of patients with hemorrhagic stroke was significantly
higher in group 2 compared to group 1 (P < 0.01). According to the
score of MRS and BI, disease severity did not significantly differ
(P > 0.05). The average duration from day of stroke onset to day of
PAC ward admission was significantly (P < 0.001) shorter in group
1 (9.88 days) compared to group 2 (17.11 days). The average dur-
ation of PAC was also significantly (P < 0.01) shorter in group 1
(25.51 days) compared to group 2 (34.11 days). The average cost of
treatment in PAC ward under per-diem payment was significantly
(P < 0.01) lower in group 1 (US$2637 dollars) compared to group 2
(US$3450 dollars).

In Table 2, it shows that rehabilitative PAC significantly
improved MRS, BIL, FOIS, EQSD, IADL and BBS (P < 0.05).
However, Table 3 shows that the two groups did not significantly
differ in MRS, BI, FOIS, EQSD, IADL or BBS (P > 0.05).

Discussion

Compared to group 1, group 2 had a higher percentage of patients
with hemorrhagic stroke. The likely explanation is that hospitals in
small cities rarely have neurosurgeons on duty at night. Therefore,

Table 1 Comparison of patient characteristics between group 1
(N =137) and group 2 (N = 44)

Variables Group 1 Group 2 P-value
N % N %
Gender
Female 52 38 13 30 0.312
Male 85 62 31 70
Type of stroke
Infarction 121 88 31 70 0.005
Hemorrhagic 16 12 13 30
Age 65.55 56.48 <0.001
Days before PAC? 9.88 17.11 <0.001
LOSP in PAC 25.51 34.11 0.003
Cost in PAC $2637 $3450 0.007

*PAC, post-acute care.
LOS, length of stay.

Table 2 Improvements in various measures of functional status
after rehabilitative PAC

Measure Mean difference (95% C.L%) P-value
MRS? -0.873 (=0.991, -0.755) <0.001
BI° 24.475 (21.672,27.278) <0.001
FOIS¢ —-0.420 (=0.618, —0.222) <0.001
EQSD¢ -1.961 (—2.250, -1.673) <0.001
IADLSf 1.464 (1.282, 1.646) <0.001
BBS® 16.700 (14.613, 18.787) <0.001

2CI, confidence intervals.

PMRS, modified Rankin Scale.

BI, Barthel index.

4FOIS, functional oral intake scale.
°EQS5D, EuroQoL quality of life scale.
TADL, instrumental activies of daily living.
EBBS, Berg balance scale.



782

Wang et al.

Table 3 Comparison of improvement in various measures
of functional status after rehabilitative PAC between group 1
(N =137) and group 2 (N = 44)

Variables Group 1 Group 2 Mean Difference (95% C.I%) P-value®
Mean Mean

MRS* -0.861 -0.909 -0.047(-0.323,0.227) 0.998
BI¢ 24.890  23.180 1.708 (—4.838, 8.256) 0.101
FOIS® 0.321 0.727  —0.406 (—0.865, 0.053) 0.963
EQ5D! 1.978 1.909 0.069 (-0.605, 0.743) 0.687
IADL® 1.409 1.636 —0.228 (-0.652, 0.196) 0.352
BBS" 16.314 17930 -1.616 (—6.518, 3.285) 0.735

2CI, confidence intervals.

Adjusted for gender, type of stroke, age, days before PAC, days in PAC,
and cost of PAC.

‘MRS, modified Rankin Scale.

9BI, Barthel index.

°FOIS, functional oral intake scale.

‘EQ5D, EuroQoL quality of life scale.

BIADL, instrumental activies of daily living.

"BBS, Berg balance scale.

most patients who require surgery for intracranial hemorrhage
(ICH) at night are usually transferred to medical centers in large cit-
ies for surgery and then sent back after their condition stabilizes.
Group 2 patients also tended to be younger. In this case, the likely
explanation is that patients who are young tend to have a better
prognosis and are more likely to return to work after rehabilitation.
Therefore, hemorrhagic patients in group 2 were more likely to be
referred for further rehabilitative PAC as an in-patient rather than
as an out-patient. The relationship between age and stroke type has
been studied in other countries. For example, a S-year study in
Sweden found that stroke patients with ICH tended to be younger
at the time of stroke compared to those without ICH. At each level
of functional disability, stroke patients with ICH consumed more
county-level resources and consistently incurred higher overall
healthcare costs [29]. Another 5-year study performed in Singapore
similarly reported that stroke patients with ICH required signifi-
cantly longer acute care and rehabilitation and had a significantly
longer total LOS [30].

A study of a Taiwan population of stroke patients with ICH
reported that patients discharged within 22 days had an average
LOS of 7.3 days [9]. In hospitals without rehabilitation wards or
chronic care wards, stroke patients must be discharged from
the acute care ward and transferred to hospitals with PAC facilities.
The group 1 patients in our study spent an average of 10 days in the
acute care ward before being transferred to the PAC ward. In con-
trast, the group 2 patients spent an average of 17 days in PAC
before transfer. Possible explanations for the difference include the
following [7, 9]: (i) patients treated in medical centers require more
time to stabilize because they usually have more comorbidities and
higher severity of stroke; (ii) due to lack of available PAC beds in
regional hospitals, patients must wait for PAC beds or transfer to
hospitals with available PAC beds; (iii) patients have greater confi-
dence in hospitals that operate on a larger scale and have better
facilities; therefore, patients are willing to wait for beds in rehabilita-
tion wards of medical centers; (iv) patients establish good relation-
ships with therapists who provide bedside rehabilitation programs
in medical centers; (v) family members initially have difficulty reach-
ing a consensus regarding PAC and (vi) neurologists and neurosur-
geons in medical centers are unfamiliar with recent research in PAC.
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Studies show that PAC quality is not significantly associated with
PAC patient volume [31]. Patients are transferred to PAC rehabilita-
tion units as early as possible to maximize rehabilitation efficacy, to
maximize the potential for functional restoration, and to minimize
costs [30]. Early and intensive physical therapy, occupational ther-
apy and speech therapy are also important for successful rehabilita-
tion of stroke patients. The Taiwan NHI system ensures that all
hospitals that provide PAC receive the same reimbursement, regard-
less of care quality or hospital accreditation level.

The mean duration of PAC in our study was 25.5 days in group 1
and 34.1 days in group 2. The average hospital stay for acute care
before PAC was 9.8 days in group 1 and 17.1 days in group 2. Few
studies have discussed the inpatient rehabilitation after acute stroke in
Taiwan [9, 10]. Lee reported that stroke patients had a mean LOS of
22.2 days, but inpatient rehabilitation utilization was only 34.0% [32].
Lin reported that stroke patients in Taiwan had an average rehabilita-
tion ward LOS of 34.7 days [33]. Chen reported that stroke patients
had an average LOS of 23.3 days in the acute ward and an average
LOS of 25.3 days in the rehabilitation ward [11]. The LOS for stroke
patients tends to be longer in Taiwan compared to other countries [9].
As the time after referral from the medical center decreases, total LOS
and total cost are expected to decrease [33]. Our experience shows
that case managers usually cooperate to ensure an efficient transfer of
patients from acute care wards to PAC wards.

Our study showed that rehabilitative PAC significantly improved
MRS, BIL, FOIS, EQSD, IADL and BBS. However, these values did
not significantly differ between groups 1 and 2. Whereas the current
NHI system in Taiwan limits patients to one session of therapy
(physical, occupational or speech therapy) per day, the rehabilitation
delivered to PAC patients in this study depended on their tolerance.
The Japanese medical insurance system implemented an intensive
PAC-program after 2000. Studies by Sonoda [34] and Miyai [35]
have reported that duration (hours) of therapy is significantly asso-
ciated with stroke rehabilitation outcome. For example, as duration
of therapy increases, motor function at discharge increases whereas
LOS decreases. Another study by Turner showed ‘strong evidence’
that highly intensive PAC programs are associated with early func-
tional gains [36]. Our study found that patients who could tolerate
rehabilitation programs of the highest intensity had the best out-
comes in terms of complications prevention and time required for
recovery of function. The per-diem reimbursement system avoided
the financial burden of fee-for-service reimbursement [20, 21]. The
training program was efficient and economical.

For this national PAC-CVD pilot project, the MRS level of the
stroke patient was the main criterion for participation. Only patients
with MRS levels 2—4 were eligible for transfer to hospitals with PAC
wards. A study by Dewilde concluded that MRS level is a major
determinant of medical resource use [37]. A study by Deutsch et al.
reported that PAC delivered in the intensive inpatient rehabilitation
facilities obtained better outcomes compared to PAC delivered in
the skilled nursing facilities [38]. However, outcomes did not signifi-
cantly differ in patients with minimal motor disabilities or in
patients with major cognitive disabilities [39]. To maximize effi-
ciency in the use of limited healthcare resources, indications for
inpatient rehabilitation of subjects with MRS 2-4 must be clearly
established. For delivering intensive rehabilitative PAC in these
patients, hospitals are more suitable than nursing home. Our study
results also revealed that early and intensive stroke rehabilitation
effectively and efficiently obtained good outcomes. A collaborative
effort by a multidisciplinary team was another important contribu-
tor to good outcomes.
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In Taiwan, stroke patients with prolonged hospital stay consti-
tute only 10.4% of all stroke patients. However, they constitute
38.9% of the total person-hospital bed days and 47.8% of the total
in-hospital medical expenses [9]. Besides surgical intervention and
mechanical ventilation use, rehabilitation need for physical/ADL
dependency and speech/swallowing problems is a major cause to
delay discharge from the hospital [10, 38]. Although the Taiwan
government recognizes the great importance of PAC-CVD, limited
stroke patients are transferred successfully from medical centers to
local hospitals initially. The reimbursements under per-diem are not
as good as fee-for-service payment and some local hospitals are not
well prepared yet. The success rate in transferring the strokes to
local hospitals is growing finally. Programs for PAC for patients
with other injuries, including spinal cord injury, traumatic brain
injury, cardiopulmonary disease and bony fracture are scheduled to
begin at the mid-year of 2017. Recent experience in delivery of
PAC-CVD by Taiwan hospitals has yielded valuable data that
would be an important contribution to the literature.

Study Limitations

Although all research questions were adequately and satisfactorily
addressed, several limitations are noted. This study only collected
data for acute stroke patients for 30 days after stroke onset. This
study only analyzed patients treated in a single district hospital that
lacked a rehabilitation ward. However, the number of PAC-
program stroke patients treated at this hospital was among the high-
est of all district hospitals in south Taiwan. Additionally, due to the
lack of a true control group, as well as the ideal age difference
between the two treatment groups, the obtained results can be due
to the age difference and pre-post general trends. Further studies are
needed to compare a PAC group and a control group in other
regions of Taiwan and under current NHI regulations.

Conclusions

In conclusion, PAC rehabilitation was an effective training for
stroke rehabilitation. This study focused on stroke patients who had
a short LOS at a regional hospital before undergoing PAC rehabili-
tation. Early rehabilitation was important for successful restoration
of the health, confidence and self-care ability of these patients. A
qualified local hospital with physiatrists is the preferred site for
delivery of rehabilitative PAC. There is a significant pre-post differ-
ence with the per-diem payment program. However, it is not clear
that such a difference can be actually attributed to the program or
due to the study design.
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