
Kaohsiung Journal of Medical Sciences (2012) 28, 38e43

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Elsevier - Publisher Connector 
Available online at www.sciencedirect.com

journal homepage: http: / /www.kjms-onl ine.com
ORIGINAL ARTICLE

Development of a home-based telehealthcare model
for improving the effectiveness of the chronic care of
stroke patients
Yen-Hung Kuo a, Yi-Kuang Chien b, Woei-Ru Wang b, Chun-Hung Chen c,
Ling-Sui Chen d, Ching-Kuan Liu e,f,*
aChia Nan University of Pharmacy and Science, Tainan, Taiwan
bCenter for Community Health Care, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
cDepartment of Neurology, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
dDivision of Performance Management, Department of Administration,
Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
eDepartment of Neurology, Kaohsiung Municipal Hsiao-Kang Hospital, Kaohsiung, Taiwan
fDepartment of Neurology, Faculty of Medicine, College of Medicine, Kaohsiung Medical University,
Kaohsiung, Taiwan

Received 15 April 2010; accepted 18 April 2011
Available online 11 December 2011
KEYWORDS
Telehealthcare;
Blood pressure
monitoring;
Self-care;
Chronic care model
* Corresponding author. Kaohsiung M
E-mail address: ckliu@kmu.edu.tw

1607-551X/$36 Copyright ª 2011, Else
doi:10.1016/j.kjms.2011.10.001
Abstract This study describes the development of an information technology (IT)-mediated
home-based healthcare model designed to improve the effectiveness of caring for stroke
patients who require chronic, home care. This model was evaluated at Kaohsiung Medical
Hospital in Taiwan between 2005 and 2008; 84 newly diagnosed stroke patients diagnosed
as the chronic covalence stage were enrolled for preliminary testing of this model. These
patients required 24-hour in-home monitoring of their health status and emergency call
service. Over the course of the study, 15 emergency transfers were carried out, and the
acute stroke patients were sent to the emergency care within 26 minutes, on average. This
system helped physicians, patients, and their families to more efficiently detect the occur-
rence of recurrent stroke. In addition, we found a statistically significant finding
(p < 0.001) that daily blood pressure (BP) monitoring increased from 45.5% in the initial
month of the study to 76% after 3e10 months of intervention. Meanwhile, the proportion
of patients with an abnormal BP rate decreased from 20.5% in the initial month of the study
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to 10.9% after 3e10 months of intervention. This suggests that this model helped to improve
patient behavior and their ability to care for themselves. This is the first study to develop an
IT-mediated, home-based healthcare model in Taiwan. This model integrates both healthcare
and clinical services and is capable of enhancing the effectiveness of the care provided to
patients with chronic diseases, especially those in situations where self-care is essential
for disease management.
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.
Introduction

Reflecting its status as an “aging society,” chronic diseases
have become a major concern in Taiwan [1]. Under these
circumstances, the rate of hospitalization due to chronic
diseases is three times more likely for the elderly than any
other age group, and the costs of inpatient care among the
has elderly accounts for 33.3% of the total inpatient costs in
Taiwan [2]. In particular, stroke has been ranked as the top
three causes of death in Taiwan since 1964, and how to
improve chronic care for victims of strokes in home self-
care situations continues to demand attention [3]. The
development of a real-time healthcare service model that
utilizes information technology (IT) has become a major
field of research [4e7]. The application of real-time tele-
healthcare has generally been focused on home-based
health monitoring, which is an extension of inhospital
services [4].

In order to order to improve clinical outcomes following
stroke and reduce the stress of patients’ families, the
Ministry of Economic Affairs and the Department of Health
began to promote the telehealthcare program in 2006.
Under the instruction and funding assistance of the
Department of industrial technology, MOEA, Taiwan, and
Kaohsiung Medical University (KMU), Taiwan established
a home-based telehealthcare model that utilized real-time
home health monitoring between 2005e2008. In 2009, this
project was honored by the Ministry of Economic Affairs as
the best technology research project of the year. Following
this pattern, one purpose of this study is to establish an
information system platform that could provide instant
health monitoring and long-distant health consultation
services. This article presents a preliminary study on the
construction of this home-based telehealthcare system and
healthcare model.

Materials and methods

Constructing a home-based telehealthcare model

This research project was carried out from January 2005
through August 2008. It is methodologically based on the
project development life cycle [8] and the adoption of the
waterfall model. Based on Wagner’s model [7], we inter-
viewed experts on how to develop an IT-mediated chronic
care model as a guide for how to improve the care of
patients with chronic illnesses. Regarding the healthcare
framework, home self-care was regarded as the basic unit
of telehealthcare, and the healthcare professionals would
be used to bridge the six kinds of services included in this
model, which will be individually described in the next
section. A simplified service model is shown in Fig. 1.

Improving the perceptions and capabilities of patients to
self-care is an important strategy that can enhance the
effectiveness of healthcare [15,16], however regular home
visits by trained health practitioners would provide the stroke
patientswith regularhomecare,healtheducation,andhealth
consultation. The associated tasks are described below.

1. A 24-hour real-time health status tracing and moni-
toring system. A machine for measuring several physi-
ological parameters, including blood pressure, heart
rate, blood sugar, and body temperature, was initially
set up in each patient’s home. Patient health status was
be measured and monitored through the devices in the
home, and the data was transmitted to a facility for
data management. Once the services model is fully
developed, an expansion of the equipment used to
measure this physiological information will be consid-
ered. The physiological information of each patient will
be recorded and turned into a continuous report and
sent via the information system (IS) to healthcare
professionals for monitoring purposes. If needed, home
visits, prescription changes, return visits, and other
tasks can be assigned.

2. Emergency care referral and health consultation care.
The designed model is characterized by an emergency
call system that is embedded into a health pad, and the
staff managing this system can either clear out a false
emergency call or help refer the patients to the
appropriate care option. The services of this category
can help patients cope with emergencies.

3. Home visits. Physicians will schedule home visits based
on the patient’s disease status, as determined by the
real-time health monitoring devices.

4. Return visit scheduling. According to the physician’s
evaluation of the patient’s health status, volunteers
provide assistance and transportation services when
notified through the system.

5. Prescription delivery. Through the system’s coordina-
tion, patients no longer have to get the prescriptions on
their own. In addition, patient scheduling of hospital
visits would be managed by the system and could be
further checked by healthcare workers who visit the
patient at home.

6. Social welfare services application. By connecting to
the hospital information system (HIS) and the social



Figure 1. Home-based telehealthcare model.

40 Y.-H. Kuo et al.
welfare databases, the model can provide possible
suggestions. Healthcare professionals will take charge
of the application process, such as document prepara-
tion and transfers to government authorities.

Telehealthcare model test run

To examine the effectiveness of the service model, we
simulated the model design for confirmation [17].

Enrolling patients for test run

Patients from the outpatient services department of the
Neurology Department of KMU Hospital served as our study
population. From October 2007 through February 2008,
we recruited patients who lived in Kaohsiung city and who
had been newly diagnosed with stroke within the past
year to join the validating study. A pretest was given to
each study patient within the first month after enrollment,
and every participant was observed for at least 6 months.
A valid participant was identified only if data was correctly
collected through this period. In the end, there were 84
valid participants and 32 invalid participants. Invalid
participants included three cases who passed away, 20
cases who withdrew due to personal time constraints or
personal plans, and nine cases who were unable to be fol-
lowed up due to disease conditions.
Data collection and analysis

Considering the characteristics of stroke home care, we
focused on the efficiency of emergency delivery and
enhancement of each patient’s home self-management
capabilities. Emergency care within 3 hours of an emer-
gency call is considered one of the critical factors that
affects the prognosis of a newly diagnosed stroke victim
[18]. With respect to the efficiency of emergent delivery,
we calculated the average time spent by the patient
between triggering the emergency call at home to being
sent to the hospital. In order to enhance each patient’s
home self-management capabilities, we cumulated the
health behavior accuracy of blood pressure (BP) that was
measured each day, as recorded by the information plat-
form. Performing the measurement both in the morning
and at night for a day is regarded as the proper behavior
for self-monitoring BP [19,20]. Regarding daily measure-
ments, we used the abnormal BP rate to represent
compliance of daily health behavior instead of directly
calculating the systolic and diastolic BP. Data was coded
using Microsoft Excel 2007 and analyzed using SPSS
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12.0. Statistical analyses, descriptive analyses, repeated-
measured ANOVA, and trend charts were also conducted.

Results

Descriptive statistical data

Table 1 shows the demographics of the valid and invalid
subjects. The mean age of the entire valid population was
66.4 years. The number differences between genders was
small (males accounted for 54.8% of the study population).
Most (94%) of the study samples reported receiving financial
support from other members in the household. Very few
(4%) of the study samples lived alone, and more than
half (53%) did not finish elementary school. Based on the
Barthel index for measuring the functional independence of
the subjects, over half (59.5%) have total independence
(Barthel index score of 100), while 13.1% have total
dependence (Barthel index scores ranging from 0e19). The
demographics of neither study group revealed statistical
differences based on the goodness-of-fit test.

Time efficiency of emergent delivery

According to the records obtained by the IS platform, 24
person-times were triggered in the emergency call system
among the study population. Of these cases, 15 needed
emergency care transfer, and the average time spent on
referral was 26 minutes. Compared to the results of the
Taiwan Stroke Registry of 2007, the average time spent
transferring stroke patients to emergency care was 14.4
hours while it took 8.9 hours for patients who were not
enrolled in our study to visit KMU hospital. These results
suggest that the average time spent in emergency care in
Table 1 Descriptive statistics of the study sample

Items Valid sample Invalid sample p-value

N 84 32
Age 66.4 � 12.7 65.7 � 10.2 0.533
Gender Sou

Female 38 12 0.923 S
Male 46 20 S

Education level C
Uneducated 21 3 0.411 S
Elementary school 28 12 Ho

Junior high school 15 7 A
High school 12 8 2
College or above 8 2 4

Marital status Init

Unmarried 2 0 0.929 T
Married 72 31 S
Widowed 10 1 M

S
T

a The Barthel index (BI) is a commonly used scale used for evaluation
mainly used to measure severity and functional performance related
a 100-point range, with 100 representing total independence, 60e99
dependence, 20e39 presenting severe dependence, and 0e19 repres
our study was much shorter than these two previous
studies. We found that the 24-hour continuous tracking of
patient health status helped to detect the occurrence of
a “recurrent stroke” and assisted when transferring
patients to nearby healthcare facilities.

Enhancement of patient home self-management
capabilities

As shown in Fig. 2, the proportion of patients that adopted
proper daily BP measuring behavior increased from 45.5% in
the initial month of the study to 76% after 3e10 months of
the intervention. Meanwhile, the proportion of patients
with an abnormal BP rate decreased from 20.5% in the
initial month of the study to 10.9% after 3e10 months of
intervention.

Repeated-measured ANOVA was used to validate the
statistical meaning of the abnormal BP rate, and patients
were divided into three groups according to their follow-up
times. T1 was composed of those who had been discharged
for longer than 1 month and joined this study within 3
months; T2 consisted of those with a follow-up time
between 3e6 months; and T3 consisted of those who had
joined the intervention model more than 6 months prior. A
significant multivariate effect was found between the three
groups (p-value < 0.001), and abnormal rates dropped
significantly with follow-up time (p-value of each stage was
lower than 0.001).

Discussion

The aim of the study is to present an IT-mediated health-
care model as an extension of ordinary chronic care. We
further evaluated the effect of the model on two important
Items Valid sample Invalid sample p-value

rce of financial support

elf 27 6 0.921
pouse 8 5
hildren 45 14
ocial support 4 4
usehold members

lone 4 1 0.920
e3 members 44 15
þ members 36 16
ial Barthel Indexa

otal dependence 11 9 0.439
evere dependence 5 2
oderate dependence 16 5
light dependence 2 0
otal Independence 50 15

purposes by physicians, nurses, and rehabilitation therapists. It is
to stroke rehabilitation [27,28]. The composite BI is scaled on
representing slight dependence, 40e59 representing moderate

enting total dependence.



Figure 2. Effectiveness of proper and abnormal monthly BP measuring rates as determined by the telehealthcare service.
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issues related to the home healthcare of stroke patients.
First, prior studies have suggested that the prognosis of
acute cerebral infarction could be greatly improved if
a patient was diagnosed and treated in a timely manner
[11,12]. The study results show that this model can
dramatically improve the time efficiency of emergent
delivery. Within the study period, 7 of the 15 person-time
ER patients were diagnosed with recurrent stroke and
were treated with tPA in time. The other cases were
diagnosed with other acute conditions, such as diabetic
coma, pneumonia, etc. In addition, this study found
a relatively low ER revisit rate of 17.8% compared with the
hospital-wide rate of 27.2%.

Previous studies have stated that BP control is signifi-
cantly associated with the incidence and mortality rate of
cardiovascular diseases [9,10]. In addition, how to assist
stroke patients to develop the habit of regularly self-
measuring their own BP is essential to self-care [13,14].
This study shows that this model can significantly reduce
the daily abnormal BP rate by encouraging proper and daily
BP measurement. The study results also suggest that
a chronic care model, when integrated with home self-
care, improves the effectiveness of care [21]. The study
by Green et al. (2008) stated that a “web-based health
monitoring with a pharmacy-intervened healthcare model”
provides people with detailed information on self-care and
helps them achieve the goal of proper BP control. Our study
results also support the previous findings regarding the
effectiveness of telehealthcare services [4,5,21]. In addi-
tion, this model could be used to effectively monitor the
risk of stroke occurrence when patients are at home and
instantly provide an emergency transfer. Moreover,
compared with service models where only passive infor-
mation is provided [20,22,23], we provided a tele-
healthcare service that allows healthcare professionals to
intervene. This design can not only bring the motivation
and resources of self-care to the service receivers, but also
improve their self-care behaviors through active health
education and real-time health monitoring by healthcare
professionals.

The study possesses several notable strengths. First, our
model design was based on the chronic care model proposed
by Wagner et al. (1999) and suggestions from experts in
various fields after evaluating practical healthcare needs.
This will enable the expansion of this service model in the
future. Second, we provided an IT intervention-based
healthcare service, which could dramatically improve the
efficiency and effectiveness of healthcare in the future. An
analysis by the Rand Corporation indicates that the
improvements in healthcare outcomes and efficiency will
result mainly from the wide use of information technology
[24]. The development and setup of the information plat-
form is the core of this model: the health conditions of the
patients at their home could be immediately seen on the
platform, and healthcare providers and patients could
interact through this system. In the future, with the further
application of this model, the integration of available
healthcare services will become easier and the elasticity
and efficiency of innovative services will be increased.

This study has several limitations that should be addressed
by future research. This study adopted a noncomparative
before-after design, and therefore the observed model
effects should be carefully regarded only as only preliminary
results. Moreover, this study was limited to those who were
discharged froma single hospital and had internet access from
home and basic computer skills.

Given the high prevalence of chronic illnesses, self-
management support appears to be an effective coping
strategy and needs to be systematically integrated into
clinical care [25,26]. To the best of our knowledge, this is
the first study in Taiwan to develop a chronic care model
with IT intervention that was integrated into the healthcare
industry. This model is predicted to become an important
approach for improving the effectiveness of self-care in
chronic care, especially for BP control.
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