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Abstract Disease management is a program which attempts
to overcome the fragmentation of healthcare system and
improve the quality of care. Many studies have proven the
effectiveness of disease management. However, the case
managers were spending the majority of time in documen-
tation, coordinating the members of the care team. They
need a tool to support them with daily practice and optimiz-
ing the inefficient workflow. Several discussions have indi-
cated that information technology plays an important role in
the era of disease management. Whereas applications have
been developed, it is inefficient to develop information
system for each disease management program individually.
The aim of this research is to support the work of disease
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management, reform the inefficient workflow, and propose
an architecture model that enhance on the reusability and
time saving of information system development. The pro-
posed architecture model had been successfully imple-
mented into two disease management information system,
and the result was evaluated through reusability analysis,
time consumed analysis, pre- and post-implement workflow
analysis, and user questionnaire survey. The reusability of
the proposed model was high, less than half of the time was
consumed, and the workflow had been improved. The over-
all user aspect is positive. The supportiveness during daily
workflow is high. The system empowers the case managers
with better information and leads to better decision making.
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Introduction

Disease management is a program that attempts to overcome
the fragmentation and improve cost effectiveness of the health-
care delivery system [1]. Patients benefit from the coordination
of multidisciplinary care team, which provides wider range of
skills and the inner sight of knowledge [2, 3]. The case man-
agers act as the coordinators between multiple care providers,
monitoring patient problems, and timely responding to patient
care throughout the entire procedure [4]. Many studies have
proven that disease management care has effectively improved
patient outcomes, education and self-management [5-7]. It
leads to less readmission rates, less length of stay, better quality
of life, and eventually provides an overall control over the
average hospitalization cost [7-9]. However, instead of spend-
ing more time with patients, it had been reported that case
managers has been spending the majority of time in documen-
tation, coordinating the members of the care team [10, 11], and
are looking forwards to information technology to reduce
unnecessary and redundant activities [12, 13].

Several discussions indicate that information technology
played an important role in the era of disease management
[14-19], and other research have examined the effects that
computerized application have had upon reforming workflow
processes [20, 21]. The work of disease management can be
well facilitated with the help of information technology [22].
However, the practice of disease management is diverse accord-
ing to various illnesses, disorders, and institutes [23, 24]. It is
inefficient to develop information system for each disease
management program individually. Considerations for reusabil-
ity of the information system components are important.

The aim of this research is to support the work of daily
disease management, reform the inefficient workflow, and
propose an architecture model that enhance on the reusability
and time saving of information system development. Instead
of developing information system for each disease manage-
ment service individually, this work considered the diversity
of each setting, and extracted functional components from
daily workflow. The proposed model was then implemented
into the development of Disease Management Information
System (DMIS) for two disease management programs, the
human immunodeficiency virus (HIV) and diabetes mellitus
(DM) disease management care, respectively.

Background

The effectiveness of disease management towards chronic
disease has been proven by previous studies [5-9], and it is

@ Springer

emphasized by the National Health Insurance (NHI) of Tai-
wan. The NHI had broadened the payments of for several
disease management programs during 2001 and 2003 modu-
lation, such as pulmonary tuberculosis, asthma, etc. National
Taiwan University Hospital (NTUH), a 2,300-bed educational
medical center in Taiwan, had decided to develop DMIS to
support disease management service. NTUH consists of 10
disease management settings, including HIV, DM, heart fail-
ure (HF), chronic kidney disease (CKD), hepatitis, tumor,
asthma, Parkinson disease, tuberculosis (TB), and central
auditory processing disorder (CAPD). The job of disease
management requires large amount of disease-specific docu-
mentations, screening of abnormal events, and integrating
information from various sources. Care plans were then de-
veloped based on the accumulated information. Whereas a
majority of time had been spent in documentation and tran-
scription, it is inefficient to accumulate the information man-
ually, and the potential risks of human error were high [10, 11,
25]. Several discussions indicated that information technolo-
gies have the potential of improving coordination across the
care teams and supporting disease management care [14—19],
but it has been consider as inefficient to develop DMIS for
each disease management setting individually, which will rise
the costs and difficulties for future expansion and maintaining.

Despite the workflow of disease management may differ
based on various illnesses, disorders, and institutes, the
general workflow of disease management care can be
decomposed into five sections [26], including assessment
evaluation, care plan development, care delivery, evaluation
and follow-up, and outcome review. Through the analysis of
general workflow and requirements, common components
can be extracted and defined. Instead of developing DMIS
for each service individually, this work considered the di-
versity of each disease management program and proposed
an architecture that fit into different disease management
workflows. This work emphasizes on the reusability of the
DMIS components, saving of development time, and
decreases the effort of future maintaining.

NTUH had rebuilt the healthcare information system
(HIS) since 2003 into a web-based, single sign-on, 4-tier,
service-oriented architecture (SOA). The database was
accessed through HL7 standardized middleware web service
layer [27], and exchanged messages in an XML based
documentation. The architecture facilitated the expansion
of subsystems and enabled the data sharing and exchanging
between diverse systems. The developed disease manage-
ment system was also added under the framework.

Method

This study supports the daily practice of disease management
and reform inefficient workflow through implementing the
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proposed architecture model into the development of DMIS.
This research consists of three phases, namely the requirement
analysis and system design phase, the system development
and implementation phase, and the outcome validation phase.

The workflow and the requirements were firstly analyzed
to design the architecture model in the requirement analysis
and system design phase. A meeting was convened with the
case managers from seven disease management programs in
NTUH, including HIV, HF, CKD, tumor, asthma, DM, and
TB. The workflow and requirements were collected and
analyzed to define the common components. Use case was
adopted as a description of steps or actions between the user
and the software system. Each requirement was matched to
a corresponding component. The identical components were
identified and considered of sharing and reusing. The com-
mon components for an information system, such as user
interface, access control, and data repository, were included
to make the model complete. The integration of external
data resource was included due to the inevitable requirement
of patient data integration from other information system
repositories and devices.

During the system development and implementation
phase, the proposed model was then implemented into the
development of HIV and DM DMIS. The components were
organized based on model-view-controller (MVC) to facil-
itate independent development, increase flexibility and re-
usability [28, 29]. The model was initially implemented into
HIV disease management program, and the same model and
components were reused and implemented in DM service
afterwards. The systems are web-based application based on
ASPNET MVC framework, using Windows Server 2008

R2 and SQL Server 2008. DMIS was implemented under
the framework of the existed HIS, and exchanged data
through the standardized HL7 web service.

Finally, the system was validated through various analy-
ses, including reusability analysis, time consumption analy-
sis, pre- and post-implement workflow analysis, and a user
questionnaire survey. Reusability analysis was to show how
the components were reused, and time consumption analysis
was to show how the proposed model contributes to time
saving. Pre- and post-implement workflow analysis was
done to demonstrate the changes of the workflow. A sup-
porting rate was calculated by the percentage of work
replaced by the DMIS. The user questionnaire survey was
done to understand the aspects of the case managers who
use the system. The questionnaire evaluated the supportive-
ness, the satisfaction, the acceptance of the system, and the
aspects of case managers. It was scored with Likert scales,
ranging from one to five for strongly disagree to strongly
agree. There are three HIV case managers and five DM
educators employed in the institute, each of them uses the
system in daily practice. The survey was distributed in 2012
January, after 6 months system using.

Result
Requirement analysis and system design
The requirements collected from the seven disease manage-

ment programs were shown in Table 1. It can be observed
that the requirements were mostly similar. Only a few

Table 1 Information require-
ments of disease management

programs

HIV HF CKD Tumor Asthma DM TB
A. Patient data requirement
Patient basic general info o o o o o o o
Medical records o o o o o o o
Medications o o o o o o o
Lab results o o o o o o o
B. Abnormal event notification
Abnormal lab results o o o o X o o
Unexpected visits o o o o o o o
C. Assessment record
Specified forms o o o o o o o
D. Report generation
Lab results o X o X X o o
Billing information X X o o o
Specific indicator statistics o o o o o o o
E. Others
Incoming patient list o o o o o o o
Phone tracking support o o o o o o o
@ Springer
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Fig. 1 Architecture of disease management information system

functions, such as the demand for printing laboratory results
and generating billing information were different, which is
marked a cross. This work focused on the care delivery after
diagnose, where patient were referred to the disease man-
agement programs. The only component outside the

definition was the screening of potential patients, which
was considered as a vital part of preventive care and early
intervention, and therefore was included.

Based on the requirement analysis, the workflow process
were extracted and matched to a corresponding component.
The architecture for the system is summarized and presented
on Fig. 1, and are introduced in the following:

1. User Interface and Access Control: While the layouts of
the user interface were generally related to different
assessment forms and user preferences, the user inter-
face was isolated in the concept of MVC. The isolation
ensured the capability of frequent modification. The
system validated user identification with ID and pass-
word. The system designed a role and authority valida-
tion to identify the authority of individual staff, which
differs from staff to staff.

2. Functional Components: Including the data processing and
decision support components. It presents patient-related
information, such as general information, medications,
treatments and laboratory results. The data processing
components include patient data records, assessment
records, routine lists generation, and phone contact records.
Each of the components supported the corresponding prac-
tice. The decision support components include advanced
disease-specific event screening, event notification, and
data searching. The disease-specific event screening en-
abled multiple indicators monitoring. It automatically

Phone Record

[ 1(ifany)

Call
Center

System

Access Control

Controller -
---------- 3 Model <—| HIS Query ) (ifany)
S T N Core
! < i : HIS
i 7~ List Generation ~
1
i Patient Model :
|
: : . . ‘f
o Data Repository Biometric Data _| (i an.y)
e | __J Transmission | _ Biometric
Sensor
Event A Device
Notification }
Assessment| | | [T TTTmmmmmmoee
Extended
Report Review/ '
Repositor
Generation | P Yy
+searchFor()
+getStatistics()

www.manaraa.com



J Med Syst (2013) 37:9931

Page 5 of 9, 9931

Phone Record

Single Sign-on
AccessControl___ . . . .

Controller j
___________ | Model E HIS Query _|\|(
----- Core
. 1 K | HIS
! List Generation :
’ 1
i |
! Patient Model !
v Data Repository
View
Event
AN Assessment Notification
________________ :
- HIV Specific
Report Review/ Re U‘: ‘:’f(
Generation i
+searchFor()
+eetStatistics()
HIV System | | HIV Assessment
View Records

Fig. 3 Class diagram for HIV disease management information system

screened abnormal or special events, supporting various
kinds of disease monitor activities. The event notification
notified case managers of scheduled events, including
phone calls and detected abnormal events by the imple-
mented rule. The searching performed query based on
demands. Also, the routine statistical report was accumu-
lated by this component.

3. HL7 Web-Service and Message Exchange Engine: The
component stood for a data exchange coordinator in-
between disease management system and external data
repositories, such as HIS or the other subsystems in the
institute. It was included due to the inevitable requirement
of data integration from other subsystems or data resour-
ces, and it represented the receiving and exporting of data.

4. Disease Repository and External Data Resources: The
system retained its own repository, maintaining integrat-
ed data from internal and external data resources.

System design and implementation

The designed components of the proposed architecture mod-
el were decomposed in MVC, and are illustrated in unified

modeling language (UML) class diagrams, shown in
Fig. 2. The design is first implemented into the HIV
DMIS, and the components were shared or reused to
develop the system of DM DMIS. The implemented
designs of the two systems are shown as Figs. 3 and 4.
The architectures of both systems were identical, and the
components were shared or reused. The components that
were adjusted from the original model are represented in
red italics. The access control, in this case, was directly
linked to the session service of HIS.

Both the systems were developed and currently in used in
the disease management settings. The HIV DMIS supported
the management of approximate 2,200 patients, including
more than 700 new enrollments. The service was previously
supported by an isolated commercialized system, and the
patient data requires repetitively manual input. After the
development, the data from the previous system is loaded
to the current system. The DM DMIS currently supported
approximate 1,300 patient care, with more than 300 new
enrollments after the system implementation. The service
was previously based on paper, and it had become an extra
work to input the original patient data into the system.
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Outcome validation identical program components. Table 3 shows the develop-

ment time required for both of the system. With the same
Table 2 lists the components in each system and analysis the ~ man-power, the development time of the HIV DMIS con-
reusability. There were 8 in 10 (80 %) components with the ~ sumed approximately 10 months, from 2010 July to 2011
same program logics, and 6 in 10 (60 %) components were ~ May. And the DM DMIS took approximately 4 month, from

Table 2 Components reusability analysis

Model HIV DM Comparison

Access control HIS sign-on HIS sign-on Identical
Common list generation Patient lists, outpatient visits, abnormal events Patient lists, outpatient visits, abnormal events Identical
Patient data manipulation  Personal information, clinic data, medication, Personal information, clinic data, medication, Identical

lab results lab results
Assessment manipulation ~ HIV/AIDS assessment AADE7, nursing and nutrition assessment, Different
complication screening
Phone record manipulation Phone record Phone record Identical
Decision support Potential case, abnormal lab results, visit Abnormal lab results, staging reminder Different
absence or unexpected visit
Event notification Notify CM of stored event Notify CM of stored event Identical
Data searchy/statistics Search/perform statistics using HIV indicators Search/perform statistics using diabetes Same logic difterent
indicators parameter
Report generation Report of HIV indicators Report of diabetes indicators Same logic different
parameter
External data integration ~ Exchange data with HIS Exchange data with HIS Identical
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Table 3 Development time
consumed of the systems

Development time Total time (Man-months)

HIV information system

DM information system

2010/07-2011/05
2011/03-2011/07

10 months (30 man-months)

4 months (12 man-months)

2011 March to 2011 July. Table 4 summarizes the work item
of pre- and post-implement workflow analysis. The support-
ing rates have been moderately high, except for the assess-
ment evaluation.

The demographic information of the staff is summarized
as Table 5. All staffs consider themselves familiar with
information technology, and the number of computers avail-
able during practice was sufficient. The supportiveness,
satisfaction, and the overall acceptance of the system were
summarized as Table 6. The overall aspect towards the
system was positive, and the supportiveness and the satis-
faction have been moderately high.

Table 4 Pre- and post-implement workflow analysis

Discussion

Disease management has the nature to increase the contin-
uum of care and to response to rapidly increasing of medical
costs. Considering the data exchange and future modifica-
tion of clinical practice and regulations, NTUH had decided
to utilize the rebuilt HIS infrastructure and developed the
DMIS by self.

This research proposed an architecture model, which
considered the diversity of each disease management pro-
gram and extracted the common components from the work-
flow. The model had been proven effective through the

Pre-implement workflow Post-implement workflow Matching component Supporting
rate (%)

Assessment evaluation

* Screening of disease-specific criteria » System browsing « List generation 333

« Patient interviews and assessments « Patient interviews and assessments ¢ Patient model

« Patient evaluation and enrollment « Patient evaluation and enrollment ~ « Assessment

Care plan development

* Collection of patient past medical records * System browsing * Access control 75

* Collection of current assessment data and lab results « Patient education « HIS query

* Information sharing between multidisciplinary staffs « Patient model

« Patient education » Assessment

Care delivery

* Collection of patient past medical records » System browsing  Access control 71.4

* Collection of current therapy data and lab results * Patient care  HIS query

* Patient care * Phone call making « Phone record

» Routine phone call list generation and phone call making « Identify patients require follow-up ¢ Event notification

* Screening for not-returning patients

« Identify patients require follow-up and reminder

* Monthly statistics and patient outcome indicates generation

Evaluation and follow-up

 Data accumulation and quality of care evaluation  System browsing « List generation 75

« Patient outcome indicator generation and monitor

» Annual statistics and patient outcome indicates generation
* Patient care adjustment

Review and outcome measurement

» Accumulate various kinds of data

* Overall statistics and patient outcome indicates generation
» Regulation report generation

* Data upload

« Patient care adjustment

* System browsing

« Patient model
* Report review generation

* Report review generation 75

« Data upload

Workflow Supporting Rate: the percentage of work automated by the system

@ Springer
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Table 5 Demographic information of case managers

Variable Numbers of case managers

Overall (%) HIV DM
Gender N=8 N=3 N=5
Male 0 (0) 0 0
Female 8 (100) 3 5
Ages, mean+SD
Years 43.71+4.1 39 45.2
Education
BS 3(37.5) 0
MS 5(62.5) 3 2
Work year, mean+SD
Years 16.57+5.63 8 18.6

implementation into two DMIS, for the HIV and DM care
respectively. It had enhanced on the reusability of system
components and largely decreased the development time.
The reusability analysis shows that 60 % of the components
were identical and 80 % with the same program logics. Only
three compositions that require customization, namely the
assessments for different diseases, the medical data required,
and the data stored.

With the same man-power, the development of the HIV
DMIS consumed approximately 10 months. Meanwhile,
DM DMIS took advantages of the reusability of the model,
consumed approximately 4 month, which is less than half of
the time that HIV DMIS spent. While the HIV care has been
previously supported by a commercialized system, it is
easier to load the history data to the current system, thus
consists of more patients and more comprehensive informa-
tion. For DM care, the patient lists require manual registra-
tion and the DM assessment data requires data input, which
were not previously stored in HIS.

Some of the workflow had been reformed and considered
beneficial. For HIV care, the retention in care had been a
critical indicator. In the past, the screenings for patients who
do not return were done by case managers after the clinic.
With the system, patients not returning on schedule were
detected and listed automatically during clinic time. Schedule
lists and notifications facilitate case managers to make phone
calls or text message to remind patients for clinic visit in time,

or provide further support if necessary. For DM care, after the
DM patients were done with the educational course, the
patients were to visit the physician’s office and the educators
were to deliver the assessment records to the clinic. The
records were originally base on paper, and require to be sent
to the clinic. Physicians were to wait for the record in order to
receive complete information of the patients. With the system,
the assessments and summaries were stored, and physicians
were able to view the summary through a click on the system,
which also decrease the waiting time for patients and lessen
the burden of record delivery.

The overall user aspect towards the system was positive.
The systems have been considered as easy to use, stable, and
fast in responses. The supportiveness and the satisfaction of
the system were high. The supportiveness of management,
searching, accessing of patient data, and analysis reports
have been rank as the highest. The function of patient lists
and the searching for patients have gained the highest satis-
faction. Further expectation for data sharing among other
information systems in the institute has been pointed out,
such as outpatient or inpatient settings. Also, the data are
expected to export into all kinds format, such as Excel.

Changes in both settings lessen the burden of documen-
tation and provide opportunities for the cases managers to
spend more time to patient care. It could be observed from
the pre- and post-implement workflow analysis and the
ranking of system functions that data accumulation occu-
pied a huge portion in the original workflow, and that the
case managers were most satisfied with the automation of
patient data accumulation and the analysis reports. DMIS
did not provide direct support for patient care. Instead, it
accumulates the information automatically, detect and reveal
patient status, which empowers the case managers with
better information and leads to timely intervention. The
automation of data accumulation from different data resour-
ces decrease potential transcription errors, lessen the burden
of paper record maintaining, and allow the increasing of
service amount of case managers. Less workflow supporting
rate was shown in the assessment evaluation section, which
may due to the works were mostly involved in patient
interaction, initial assessments, and data collection. DMIS
also acted as a platform to ensure the consistency among
case managers during patient assessment, and potentially
improved the quality of care.

Table 6 User aspect evaluation

Evaluation item N=8, Mean+SD

Overall HIV DM
Supportiveness of individual function 4.78+0.4 4.94+0.2 4.69+0.6
Satisfaction of individual function 3.5+0.9 3.8+1.1 33+1
Overall acceptance of the system 3.78+0.73 4.13+1 3.58+0.6
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Disease management consists of multidisciplinary coop-
eration, and patient data sharing had been considered as
essential. This research focused on the work of case man-
agers, with the workflow of other staffs unchanged, which
may become a limitation of this work. Also, no additional
portable devices were added to the disease management
program, and still require the case managers to return to a
PC to finish the documentation.

Conclusion

While the healthcare information technology being identi-
fied as a way of improving the provision of healthcare,
DMIS has the potential of optimizing current workflow,
and results in better patient care. DMIS empowers the case
managers with better information and leads to better deci-
sion making. This study adds up to the development of a
sophisticated DMIS to support disease management service
and reforming inefficient workflow, and is also promising to
extend the model to other service programs.
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