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Abstract
Background: One of the most important types of information systems that play important role today in
providing quality health care services are clinical decision support systems (CDSSs). These systems are
effective in overcoming human resource constraint and intelligent analysis of information generated by Tele-
monitoring systems. In spite of the many advantages of this architectures, these are single-purpose, meaning
that only the CDSS of a disease is located on them. If we want to use the same model of architecture in the
decision-making process of another disease, all the components of this architecture should be redevelopment
with a new CDSS, which is time-consuming and costly. Due to the increasing demand for health information
technology at low cost and mobile access in the health care industry, in this article, a scalable software
platform(Patient Tele monitoring: PATEL) based on SOA for implementing and use different CDSSs on a
common platform, for use in Tele-monitoring Systems, was created.

Implementation: To develop PATEL platform, the component-based software development approach and
hybrid programming approach to implementing various components used. In the evaluation phase of the
proposed platform, the case study, accuracy and performance evaluation (transmission delays, patient data
fetch, parsing overhead and inference time) used.

Results: The results of the case study evaluation con�rmed the scalability and interoperability between CDSSs
on the platform. Based on performance evaluation, the proposed platform has responded to 89% of the
requests in less than one second. Also, based on accuracy evaluation, the platform presented in this article
was successful in diagnosing 91.6% of the cases.

Conclusion: The proposed platform can support CDSSs of various diseases simultaneously and provides the
necessary scalability to add a new CDSS. Tele-monitoring systems will be capable of service by connecting to
this platform. Using this infrastructure is expected to be a lot of duplication in the implementation of tele-
monitoring systems based CDSSs will be reduced.

Background:
Today, decision support systems are used to improve the decision-making process at different decision-
making levels[1]. These systems are either standalone or integrate with other systems[2]. In order to create
decision support systems, as in any other system, system development steps must be taken into account:
including identi�cation of requirements, design, development, testing, and ultimately implementation. Each of
the phases of the system development has its own time and cost[3]. When CDSSs are created, using solutions
to make use of these systems on a large scale can reduce the cost of creating and maintaining these systems
and with their subscription, will prevent the production of multiple and island systems[4, 5]. In recent years,
one of the approaches used in combination with CDSSs for this purpose is the service-oriented architecture
(SOA) approach [6-9]. In SOA as an integration strategy[10], decision support systems are available as a
service to the client (individuals or systems) and provide bene�ts such as facilitating knowledge storage,
reducing costs, and improving agility[6]. CDSS based Tele-monitoring systems and decision support
telemedicine systems [11] are an emerging technology that is rapidly developing that bene�t from the
advantages of SOA. The explosion of information and the need for communication between health care
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providers are the starting point for such systems[4]. But this type of health care system faces many
challenges, including certain use case and low-resilience to change[4, 12]. However, most of the existing
CDSSs only for one type of disease with a single knowledge base, limited decision-support content is di�cult
to meet the needs of clinicians, hindering the application of the CDSSs. So that we need to make a lot of
changes if we want to modify a CDSS-based Tele-monitoring system designed for a disease that can be used
for another disease. These changes will be very large, meaning that many components of this system should
be created from the beginning. The problem of non-�exibility and scalability in these systems has led many
Tele-monitoring systems to be developing, while many of these systems have a common structure. so they
have island system barriers[13]. In this paper, in order to solve the problem of the �exibility and scalability of
these systems, a platform proposed that allows CDSSs to be placed on a common Infrastructure and the
interaction between CDSSs is provided which increases the synergy between them. This platform has
integration with Electronic Health Record (EHR) and can provide high �exibility to simultaneously support
knowledge base of various diseases. In this platform, �exibility is provided by creating a number of speci�c
modules that are available in most CDSS-based Tele-monitoring systems. By using these modules, and
adding knowledge base of various disease, the ability of Tele-monitoring of multiple diseases based on
CDSSs on a common platform is provided. Utilizing the proposed model in this paper will reduce the set-up
costs and speeding up the launch of various CDSS-based Tele-monitoring systems, and many duplications in
the implementation of these systems.

Implementation:
The present study was conducted in four phases: 1: determining platform modules, 2: Conceptual model
design (We have published the details of these two steps in another article[4]), 3:developing  platform and
�nally evaluating. To development of PATEL platform, component-based software development approach
used and since different components, have different structure and approach in the implementation, so
different techniques and languages used to implement them. In the following, all software used to implement
the platform introduce. Access for users (health care team and patient) implemented into the platform user
interface with Google Android Studio. Platform Management Panel to de�ne the health care team, diseases,
symptoms, parameters, and CDSSs have been launched. This section has been developed using PHP
programming language. The database of this platform implemented with MySQL and Web services with
JSON. The inference engine of CDSSs in the platform is CLIPS and uses the "PHP-CLIPS" plugin as the
interface for communicating between PHP and CLIPS.

a. Platform architecture design: The conceptual model of our proposed platform as showed in Figure 1. The
system admin interface, which is responsible for de�ning the doctor, disease, symptoms and adding
clinical decision support systems for various diseases, is implemented with PHP. The health care team
are the second group of users of this platform that can by Android-based interface de�ne a new patient
for monitoring, access to patient data (EHR), de�ne a tele-monitoring program for patients and reporting
health status of patients. Patient measure and transmit the symptoms associated with his disease by the
Android-based interface. These symptoms identi�ed by the health care team for the monitor at the
speci�ed periods. The platform sends patient data for CDSSs in real-time. The inference results as the
patient's conditions (Normal, Warning, and Critical) and recommendations sent to the health care team
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and the patient. This platform has three servers. The �rst server is the management of requests, which
speci�es whether a request is to inference patient conditions or to access the EHR. The second server is
the EHR Server, where the patient's data and history recorded. On the third server, there are clinical
decision support systems.

b. Adding/editing clinical decision support systems: The most important feature of the proposed platform
that distinguishes it from other existing architectures is its scalability. This feature means the ability to
add new CDSSs to the platform. Due to difference between varied diseases, the medical knowledge, clinic
rules used to treatment different patients are not same either.so our platform's scalability feature makes it
suitable for intelligent monitoring of diverse diseases on a common infrastructure. As it mentioned, in this
platform the common components of tele-monitoring systems based on CDSSs are provided. Due to the
provision of components of decision support systems, it is only necessary to have a knowledge base for
monitoring various diseases, for which purpose it is possible to upload pre-created knowledge bases or
using the management panel to create a new knowledge base. Using the multi-threaded programming
technique, the platform is used in parallel for different CDSSs at inference time. The admin can upload
the CDSSs as a CLIPS �le (These knowledge bases have already been developed) or con�guring the
clinical knowledge by the web based interface of expert/guideline knowledge modeling tool in order to
generate new CDSSs. This tool converts clinical knowledge into CLIPS Rules, and ultimately the
knowledge base of the new CDSS is created. To add a CDSS for a disease in PATEL, at �rst, symptoms of
disease (laboratory or non-laboratory) and the range of symptoms are de�ned (Figure.4). These
symptoms are commonly used to de�ne other diseases. In the next step, the clinical rules are entered
individually which include rule parameter, rule fact and rule result. For each rule, the rule
recommendations for the health care team and the patients are de�ned and added (Figure.5). These rules
are editable.

c. Operation mechanism of PATEL: In the following, we explain the operational process of PATEL to CDSS-
based Tele monitoring for different diseases. 2 shows the top-level architecture with the major
components inside the CDSSs Middleware.

 

User's Request: Patients through a graphical user interface send their symptoms and parameters.
Requests sent as XML �les and received by demand management, which is the web service. The web
service extracts the necessary parameters for extracting the patient's speci�c records and for calling the
relevant CDSSs. The web service transmits the extracted parameters to the next component via XML �les.

Patient Data Fetch: The data access component receives parameters from requests sent by users or
sensors. As well as health care team, if they need to have the patient's medical history can send requests
through this component. This component is responsible for fetching patient information from EHR.

Supervisor: This component is responsible for the data preprocessing. This component receives extracted
parameters from the user request component. Entering such an amount of information to the CDSSs
directly increases the speed of the inference process and the speed of the load. The main task of this
component is the data classi�cation, data mapping to maintain compatibility with the CDSSs and
marking them. It also provides a standard access point for different decision support systems. This
component is able to allocate suitable CDSSs to the demand. Depending on the user's facts, Supervisor
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will select the appropriate CDSSs for the analysis of the facts. This preprocess is performed by
examining the overhead of the data that is sent with the facts. The supervisor also provides
interoperability between CDSSs (Figure 3). This means that rule or rules of a CDSS can affect the
inference of the rules of another CDSS. Several CDSSs have been used by Multi-Threading programming
in the PATEL. It allows to inference facts in CDSSs as parallel.

 

     d. Case Study Evaluation:

The scalability of PATEL shows that it can extend new CDSS through the corresponding custom tools
provided by the platform. In order to validate this feature, we uploaded four CDSSs on PATEL. The inference
process and the results of four concrete CDSSs related to Complications of diabetes: CDSS for Retinopathy
(RETCDSS), Nephropathy (NEPHCDSS), Neuropathy (NEUCDSS), Cardiovascular disease (CARDCDSS) are
illustrated as following. According to the working mechanism of PATEL, the �rst effort of customization is
con�guring the clinical knowledge by the web base interface of expert/guideline knowledge modeling tool in
order to generate new medical knowledge data for CDSSs. These symptoms and their range (High, Medium,
and Risk) are once de�ned and commonly used for all diseases and their related CDSSs (Figure 4).

 

Knowledge of different diseases were added into different CDSS based on PATEL web based tool. Part of the
rules of the NEUCDSS is shown in Figure 5. To verify the inference of CDSSs and interoperability between
CDSSs and EHR, a scenario de�ned for a diabetic patient. Initially, the physician, after creating a user account
for the patient, identi�ed in his panel the symptoms and parameters (sensation of touch and sight, blood
pressure, etc.) that the patient should measure and send at a speci�c time at the home.

   e. Performance evaluation:

An important factor in any CDSS is performance. A common goal among the developers of CDSSs is the
response time based on the sub-second[14]. In PATEL platform, since having more than one CDSSs, the
performance of the platform in terms of Response Time is an important factor in performance measurement.
The PATEL platform has four types of delays: transmission delay (The time needed to transmit a message
over the network once latency is overcome)[6], Patient data fetch from EHR and Parsing overhead (Identify
and select CDSSs commensurate with symptoms and parameters). Formula 1 shows Response Time
computation.

Response Time =

Formula 1. Response Time calculation
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To evaluate the robustness of the PATEL platform and its associated delay, we conducted an evaluation
based on time. A test system designed for the purpose that send requests to the servers at different times of
the day for three days. In total 800 requests were sent to the servers. These requests automatically generated
various values of the symptoms and parameters of patients with diabetes conditions (CDSSs of Retinopathy,
Nephropathy, Neuropathy, and Cardiovascular disease uploaded on the PATEL at �rst). This requests sent to
servers and then patient health conditions were inference. Finally, delays and response time of this process
calculated.

Results:
a. Case study result: According to the data available in the EHR (Albuminuria+, HTN+, a 7-year history of

diabetes and Last visit to ophthalmologist 6 months ago) and patient-reported data (Blood
pressure:140/90mmgH, heat loss, Blurry vision) (Fig.6), RETCDSS, CARDCDSS and NEUCDSS were
evaluated the condition of the patient as Warning, NEPHCDSS was evaluated conditions as Critical.

 

Comparing the platform results with the specialist physician opinion about the patient's condition, the correct
conclusion of the platform, and the relationship between the decision support systems of the NEPHCDSS and
the CARDCDSS (due to the effect of blood pressure on the kidney and heart condition) and the interaction of
CDSSs with the history of patient information in the EHR was con�rmed (Figure 7).

 

By selecting the statuses declared by each of the CDSSs, the health care team can view additional
information such as patient medical records, patient-submitted information, clinical rules that produce results
and recommendations to the health care team (Figure 8). Based on Figure 8, additional information on patient
status (warning) based on NEUCDSS is shown.

 

    b. Accuracy evaluation result:

To evaluate the accuracy of the presented platform 250 patient records were used. 55 cases were Retinopathy,
72 cases were Cardiovascular, 64 cases were Neuropathy and 59 cases were Nephropathy. The data in these
patient records were uploaded to the platform using a Mobile-based interface. Patients' conditions were
evaluated using clinical decision support systems available on the platform. According to Table 1, of the 59
cases evaluated for Retinopathy, 53 were correctly diagnosed. In 72 Cardiovascular cases, condition of 63
was correctly diagnosed. In 64 neuropathy cases, condition of 59 were correctly diagnosed. In 59 Nephropathy
cases, 54 patients reported the correct condition. The platform precision in three conditions (normal, warning
and critical) for retinopathy, cardiovascular, neuropathy, and nephropathy are shown in Table 1.

Table 1. Platform accuracy result
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Based on this evaluation, the platform presented in this article was successful in diagnosing 91.6% of the
cases.

   c. Performance evaluation result:

The delay in transmission is signi�cantly dependent on the distance between the sender and the server. This
time usually less than a millisecond in a subnet. Since the amount of data transfer in the architecture of this
article is small, the transmission delay will be very small and will be between 10 and 90 milliseconds (MSc),
respectively. The time taken to fetch patient data from EHR is considerably quicker (between 90-150 MSc).
PATEL is established on Extensible Markup Language (XML) protocols and there is overhead in parsing the
XML. Given the size of the messages used in PATEL, the overhead is honestly minor. The overhead time for
messages in PATEL architecture was approximately 11 MSc. The last source of delay is the inference time.
Simple requests can make their conclusions very fast (between 50 and 100 MSc), but other request use
roughly twice as much time. The mean response time for the CARDCDSS is 491MSc and for the NEPHCDSS is
614 MSc, for the NEUCDSS is 512 MSc and for the RETCDSS is 556 MSc, with a workload equal to 100
requests (Table 2).

Table 2. Estimation of PATEL e�ciency based on 100 requests per day (Avg Time/MSc)

 

In Table3, Patel architecture performance evaluation is calculated and displayed for 200 workloads. The mean
response time of the CARDCDSS is 541 MSc. The mean response time for the NEPHCDSS is 687 MSc, for the
NEUCDSS is 754 MSc and for the RETCDSS is 523 MSc.

Table 3. Estimation of PATEL e�ciency based on 200 requests per day (Avg Time/MSc)

 

Also in Table4, the evaluation of proposed architecture performance is calculated and displayed based on 500
workloads. The mean response time of the CARDCDSS is 584 MSc. The mean response time for the
NEPHCDSS is 780 MSc, for the NEUCDSS is 660 MSc and for the RETCDSS is 468 MSc.

Table 4. Estimation of PATEL e�ciency based on 500 requests per day (Avg Time/MSc)

 

These results indicate that based on 100, 200 and 500 requests, sent to the server over 24 hours for three
days, The Patel architecture is very reliable and fast, and it is useful for supporting various types of CDSSs.
Based on the evaluation of the work load, which contained 100 requests, the minimum time and maximum
time for transmission delay, patient data fetch, parsing overhead, and inference time were examined (Table 5).

Table 5. Minimum and Maximum Time (MSc) for Transmission Delay, Patient Data fetch, parsing overhead,
and Inference Time Based on 100 requests
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According to Table5, the minimum and maximum time of four criteria delay in the PATEL are calculated. The
inference time has the highest delay, and the latency of the parsing overhead is the least delayed. Meanwhile,
fetching patient information from EHR also had a signi�cant delay, affecting the response time.

Discussion:
The work describes the software platform. The scalability of PATEL can comfort admin to upload new CDSSs
for different diseases easily without having computer programming and coding skill. The platform Provides
interoperability between CDSSs, if there is a relationship between them and can interoperate with EHR.
Proposed platform has potential for generating and supporting a commercial market for CDSSs. As it
developed based on modules, allowing the platform to be distributed. PATEL will reduce cost and time of
trying new CDSSs because of its ability to easily integrate a variety of CDSSs, and to easily edit them. PATEL
is based on the principles of a SOA. One of the evaluation benchmarks considered in the architectures of
CDSSs based on SOA  is response time [15]. In the PATEL platform, 89 percent of the requests were answered
in less than one second and precision of 91.6 percent. one of the methods used  to evaluate scalability  is
case study[15].To evaluate the scalability of the PATEL, four clinical decision support systems were selected
 for use and validation of this architecture. The results con�rm the correct functioning of the platform. The
proposed platform can support CDSSs of various diseases simultaneously and provides the necessary
scalability to add a new CDSS. Tele-monitoring systems will be capable of service by connecting to this
platform.

Conclusion:
The most important feature of the proposed platform that distinguishes it from other existing architectures is
its scalability. It is possible to upload pre-created knowledge bases or using the management panel to create a
new knowledge base. Different health systems based on decision support systems will be able to serve as a
connection to this collaborative infrastructure and it is expected that using this infrastructure will lead to a lot
of rework in the implementation of these systems. As a limitation, in designing this platform, a rule-based
technique has been used as a method of knowledge representation, which is not supported techniques such
as semantic network, frames, and logic as a limitation. We will remove this limitation in the future.
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Tables
Table 1. Platform accuracy result

 

Critical
precision

Warning
precision

Normal
precision

Correct diagnosis of the
patient's condition

Number of
records

Disease

91,7% 93,4% 85% 53 59 Retinopathy

88,2% 86,2% 88,5% 63 72 Cardiovascular

95,2% 85,7% 90,1% 59 64 Neuropathy

90% 94,7% 89,4% 54 59 Nephropathy
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Table 2. Estimation of PATEL e�ciency based on 100 requests per day (Avg Time/MSc)

CDSS Request
Number

Transmission
delay

fetch
patient
information

Parsing
overhead

Inference
Time

Response
Time

Standard
deviation

CARDCDSS 22 81 131 6 273 491 89

NEPHCDSS 29 88 148 11 369 614 116

NEUCDSS 23 75 137 6 294 512 97

RETCDSS 25 84 141 9 322 556 105

 

 

Table 3. Estimation of PATEL e�ciency based on 200 requests per day (Avg Time/MSc)

 

CDSS Request
Number

Transmission
delay

fetch
patient
information

Parsing
overhead

Inference
Time

Response
Time

Standard
deviation

CARDCDSS 48 89 164 7 281 541 119

NEPHCDSS 51 93 189 10 395 687 134

NEUCDSS 55 109 201 11 433 754 145

RETCDSS 46 84 158 6 275 523 104

 

 

 

Table 4. Estimation of PATEL e�ciency based on 500 requests per day (Avg Time/MSc)
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CDSS Request
Number

Transmission
delay

fetch
patient
information

Parsing
overhead

Inference
Time

Response
Time

Standard
deviation

CARDCDSS 115 94 185 9 296 584 128

NEPHCDSS 191 105 213 16 446 780 151

NEUCDSS 128 101 199 11 349 660 139

RETCDSS 66 55 107 7 233 468 93

 

 

Table 5. Minimum and Maximum Time (MSc) for Transmission Delay, Patient Data fetch, parsing overhead,
and Inference Time Based on 100 requests

 

Criteria delay time Minimum Time Maximum Time

Transmission Delay 9 100

Patient Data fetch 90 160

Parsing overhead 4 16

Inference Time 46 480

 

 

Figures
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Figure 1

Shows the high-level architecture with the main components of the platform PATEL.
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Figure 2

the Integration platform with CDSSs Middleware

Figure 3

the Schematic Architecture of CDSSs AND Supervisor
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Figure 4

De�nition of disease symptom and their ranges

Figure 5
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De�nition of rule fact, rule result and recommendation for patient and health care team.

Figure 6

Patient interface and data entry
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Figure 7

CASE –Study results: Diagnosis of the patient's condition (health care team interface)
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Figure 8

Additional patient report (health care team interface) based on NEUCDSS


