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Abstract - Clinical decision support (CDS) systems promise to improve the quality of clinical care by helping physicians to 
make better, more informed decisions efficiently.  Improving the quality of healthcare, reducing medical errors, guarantying 
the safety of patients are the most serious duty of the hospital. Electronic Health Record (EHR) is used to achieve these 
goals. HER has a very large data source which can guide and improve the clinical decision making process. In this paper, we 
will propose a distributed Clinical Decision Support System (CDSS) Framework which satisfies the compatibility, 
interoperability, and scalability objectives of EHR. The system will also have a set of Distributed Electronic Health Records 
and centralized Knowledge Engines.  These Electronic Health Records are minimized  and distributed In some parts of the 
country so that contains only the patient (patient Universal ID)UID, the visited hospitals, and the most critical patient 
diseases and diagnoses for all of the patients in the country. Knowledge Engines are centralized and work together. Each 
centralized Knowledge Engine is specialized in a specific domain. 

 
Index Terms — Clinical decision support  systems, Electronic Health Record, Knowledge Engine, Decision Making. 
 
I. INTRODUCTION 
 
A Decision Support System is an interactive 
computer-based system intended to help decision 
makers utilize data and models in order to identify 
and solve problems and make decisions [1]. 
According to the Clinical Decision Support (CDS) 
Roadmap project, CDS is  providing clinicians, 
patients, or individuals with knowledge and person-
specific or population information, intelligently 
filtered or present at appropriate times, to foster better 
health processes, better individual patient care, and 
better population health. A Clinical Decision Support 
System (CDSS) is an active knowledge system, 
where two or more items of patient data are used to 
generate case-specific recommendation(s) [2]. 
This implies that a CDSS is a decision support system 
(DSS) that uses knowledge management to achieve 
clinical advice for patient care based on some number 
of items of patient data. This helps to ease the job of 
healthcare practitioners, especially in areas where the 
number of patients is overwhelming. EHRs help 
administrators, physicians, nurses, researchers and 
healthcare personnel. An EHR provides a complete, 
integrated and consistent view of patient conditions. 
Healthcare personnel must take all of the patient 
medical history into consideration; these personnel 
also need to connect this information together and 
receive advice from domain experts. This large 
amount of data cannot benefit physicians without 
having an automated system. The system can analyze 
these data, connect it, integrate it with knowledge 
from a domain expert, and search for a needed  

 
knowledge – if possible – in other connected systems. 
This system is a clinical decision support system 
(CDSS).  A CDSS interacts with practitioner and 
electronic medical record systems to get the patient 
data as input and provides reminders, alerts, or 
recommendations for patient diagnosis, treatment, 
long-term care planning. A clinical decision support 
system requires access to healthcare data and 
knowledge that are stored in data and knowledge 
bases. In this paper, we attempted to build a complete 
architecture for this system. 
The proposed Framework will take an order and an 
initial diagnosis from healthcare personnel and will 
provide a decision support in an understandable form 
based on existing knowledge. It will integrate off-line 
standardized knowledge bases from domain experts 
and Clinical Practice Guidelines (CPG) knowledge 
with online knowledge that is extracted continuously 
from EHR databases and provides applicable decision 
support. 
The system will also have a set of Distributed 
Electronic Health Records and centralized 
Knowledge Engines.  These Electronic Health 
Records are minimized  and distributed In some parts 
of the country so that contains only the patient 
(patient Universal ID)UID, the visited hospitals, and 
the most critical patient diseases and diagnoses for all 
of the patients in the country. Knowledge Engines are 
centralized and work together. Each centralized 
Knowledge Engine is specialized in a specific 
domain. This paper  is organized as follows. Section 
II explains introduction. In section II is described the 
research goal. In section III, we define clinical 
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decision support system. The proposed framework for 
a CDSS is discussed in section IV. Section V 
illustrates the knowledge base constructing. 
Framework execution procedures is shown in section 
VI. The conclusion is demonstrated in section VII. 
 
II. THE RESEARCH GOAL 
 
Electronic Health Record (EHR) can allow clinicians 
to have a real-time access to perfect patient data, the 
engaged systems help them to make precise clinical 
decisions[3]. To make an precise decision, clinicians 
must consider EHRs, clinical databases and clinical 
knowledge bases. EHRs are distributed and are very 
large. 
They contain the history of patient health data. 
Clinicians must collect, compare and analyze data 
from these sources and make a timed decision. This 
information overflow could make happen physicians 
to neglect critical and could make it take a long time 
to make a accurate decision. Therefore, they need an 
automated system that helps in collecting, calculating 
and analyzing all of the available data and helps in 
making decisions. This form of system is called a 
CDSS. 
The proposed Framework will resolve the problem of 
having multiple healthcare providers; each provider 
has its local and large EHRs, knowledge base, and 
clinical databases. The framework includes a set of 
knowledge bases (one in each site or hospital) for 
extracted off-line information from domain experts. 
these knowledge bases are continually updating 
because the CDSS more active and useful.  
When a patient visits the hospital, the CDSS will 
build a patient dossier  from the patient medical 
history and recent diagnosis, and it will use its local 
knowledge base to make decisions. If a CDSS cannot 
make a decision by using its local knowledge base, 
then it can send some data from a patient dossier  to 
another site’s inference engines, to talk with its 
specialized knowledge base. Other sites will respond 
by some knowledge that could help the CDSS to 
make more accurate decisions about the patient case. 
 
III. CLINICAL DECISION SUPPORT SYSTEM 
 
Clinical decision support (CDS) provides clinicians, 
staff, patients or other individuals with knowledge 
and person-specific information, intelligently filtered 
or presented at appropriate times, to enhance health 
and health care. CDS encompasses a variety of tools 
to enhance decision-making in the clinical workflow. 
These tools include computerized alerts and 
reminders to care providers and patients; clinical 
guidelines; condition-specific order sets; focused 
patient data reports and summaries; documentation 
templates; diagnostic support, and contextually 
relevant reference information, among other tools[4]. 
CDS has a number of important benefits, including: 

 Increased quality of care and enhanced 

health outcomes 
 Avoidance of errors and adverse events 
 Improved efficiency, cost-benefit, and 

provider and patient satisfaction 
CDS is a sophisticated health IT component. It 
requires computable biomedical knowledge, person-
specific data, and a reasoning or   mechanism that 
combines knowledge and data to generate and present 
helpful information to clinicians as care is being 
delivered. This information must be filtered, 
organized and presented in a way that supports the 
current workflow, allowing the user to make an 
informed decision quickly and take action. Different 
types of CDS may be ideal for different processes of 
care in different settings[5]. 
 
IV. PROPOSED CDSS FRAMEWORK 
 
We assume that EHR architecture and connectivity 
exists, and we will integrate the distributed CDSS 
architecture with it. The proposed framework of the 
CDSS is independent; it does not depend on and does 
not affect the framework of the EHR or HIS. In 
addition, the framework is scalable. We can add any 
number of knowledge bases, EHRs, or clinical 
databases to the framework. decision-making process 
includes three phases: 
Phase 1 (knowledge organization) uses data mining 
techniques to extract knowledge from electronic 
healthcare data and to store it in a knowledge base.  
Phase 2 (knowledge interoperation) takes the patient 
data that require decision making and translates it into 
standard XML form (CDA) and makes PMML 
encrypting of the knowledge from the knowledge 
base (KB). 
Phase 3 (Knowledge interpretation) takes the 
previous standardized data and knowledge and makes 
decisions. 
 
V. KNOWLEDGE BASE CONSTRUCTING 
 
In proposed framework, the first step is to build the 
initial KBs. In each hospital is performed by building 
a local knowledge base that is specialized in the 
hospital’s domain. The goal is to collect the medical 
knowledge from the relevant sources (domain 
experts, EHR databases, and clinical practice 
guidelines), become systematic it and depict it in a 
formal human- comprehensible and a computer- 
explainable manner [6]. In proposed framework, to 
inhabit the standard XML KBs, we use three services, 
which are KEU, DMU and PEU.  
 
1- Knowledge Extraction Unit (KEU), which is 
responsible for extracting knowledge from domain 
experts or regularizing the knowledge that is included 
in Clinical Practice Guidelines (CPG). There are 
many ways to describe this knowledge. This unit can 
describe the extracted knowledge by applying 
production rules, semantic networks/web, frames, 
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decision tables, decision trees or conceptual graphs 
[7], [8], [9] and [10]. Many tools might be used to 
extract knowledge from domain experts or CPGs. 
 
2- Data Mining Unit (DMU), which is responsible 
for mining the EHR database. Data are collected, 
preprocessed, transformed, integrated, and mined to 
extract useful patterns [11], [12], [13], [14] and [15]. 
The resulting mined knowledge is encoded and stored 
in a knowledge base, to be incorporated into the 
CDSS process. This unit carry out classical data 
mining operations, such as data selection, data 
organization, data transformation and integration, 
data mining, and evaluation and interpretation. 
EHR contains many forms of data, such as special 
data, temporal (historical), social and clinical data. It 
is a very rich environment for the implementation of 
data mining.  
 
3- PMML Encrypting Unit (PEU), which acts 
PMML standards to encrypt the generated knowledge 
from domain experts and data mining to make 
standard XML-based documents.  
KBs are up to dating in 4-ways that explain in the 
following: 
(1) KBs Continuously update by new domain expert 
or research knowledge. 
(2) Apply data mining techniques and algorithms on 
local clinical databases and EHRs to discover hidden 
and non-trivial patterns and to update the KB with 
these results. 
(3) The Data organization Engine, which recognizes  
the task related data from HER databases after 
triggers from their sources to apply a data mining 
process. 
(4) The KDD, which carry outs the actual data mining 
operations.  
An EHR is an important source for medical 
knowledge; it contains a history of patient clinical 
and diagnostic data. This makes EHR a good location 
for applying data mining. Any update to an EHR will 
initiate the DMU to discover new knowledge and 
then pass it to the PEU to standardize and store it in 
the KB. Clinical databases are Another source of 
knowledge. they contain detailed data about patients. 
The DMU is initiate  to search for new knowledge in 
the updated databases, as with HER.  
In this way, we assure that a KB contains the  perfect, 
most recent, precise and appropriate knowledge. 
The domain expert knowledge and the data mining 
discovered knowledge are passed to the PEU module 
to be standardized in the XML format and stored in a 
knowledge base. Healthcare personnel use the CPOE 
for prescriptions [18]. The needed system utilizes an 
electronic prescribing system, which allows the 
writing of e-prescriptions. With the being of a CDSS 
that is integrated with a CPOE system, the CDSS will 
not only provide recommendations for medical care 
but also can check for errors or lacks of data and 
inform physicians before action with decision 

support. 
 
VI. FRAMEWORK EXECUTION 
PROCEDURES 
 
After building knowledge bases, the CDSS is now 
ready to guide and help healthcare personnel. We will 
explian the details of the system in onehospital and 
the links or co-operations with other CDSS systems 
in other  hospitals. The execution of this framework 
will work as follows: 
1. In an on-line operation, Physician and Healthcare 

personnel use the CPOE to enter a patient 
Universal ID (UID), which identifies the patient 
nation-wide. Moreover, they record the patient 
recent and initial diagnoses (i.e., healthcare data 
that require decision making). 

2. UID passes to HRS (History Retrieval Service) 
in the local hospital and travels via a secure 
network channel to one of minimized EHRs that 
are distributed. Each minimized HER locate in a 
site. This EHR  is a small distributed database 
that contains only the patient UID, the visited 
hospitals, and the most critical patient diseases 
and diagnoses for all of the patients in the 
country. UID passes based on it's Minimum 
distance from these EHRs. Each HRS in each 
hospital is a service that checks whether the 
patient has an EHR in its own hospital or not 
according to the UID. The HRS will perform a 
simple search for a patient with ID= UID. If the 
patient has no record, then the service returns a 
message that indicates that there is no record. 

3.  The patient UID will be sent to one of  
distributed databases. these databases will return 
the patient list of visited hospitals, if it exists, and 
the most critical patient medical data. These 
hospitals are the only hospitals that would be 
able to return the patient records. 

4. The returned records, which contain patient 
history, will be collected and filtered by Filter 
module. This module will produce the patient 
dossier. It will remove redundancies, conflicts 
and inconsistencies from the patient historical 
data. 

5. The patient medical and diagnoses data will 
standardize  by encoding it into a standardized 
XML-based CDA. standard CDA is used to 
achieve semantic data interoperability between 
the patient data that require clinical decisions and 
the PMML-encoded knowledge . 

6. The encoded PMML knowledge from local KB 
and CDA documents from patient dossiers 
provides the interoperability of knowledge and 
data in proposed framework. 

7. The encrypted patient dossier enters input into 
the local Knowledge Engine (KE), which makes 
inferences to diagnose and determine the correct 
medicines.  

8. KE can be programmed by any AI methodology. 
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It can access, query, and interpret data and 
knowledge that flow from CPOE and KB.  

9. According to the complexity of the, KE may 
require to converse another site’s KE on its 
problem, if it has a lack of available knowledge 
or if it is not specialized in this problem.  When a 
KE could n't decide a decision alone, It will send 
the CDA or specific fields from its site to a 
minimized KE that is centralized. this KE have 
information about all specialized KEs that are 
centralized in some site. Each specialized KE 
have an entry in minimized KE. All of the 
helping KEs determine the relevant knowledge 
and send it back to the  minimized KE. 

10. Thus, the KE will make a decision that is based 
on the initial physician diagnosis, the EHRs, and 
the knowledge from its local KB and other KBs. 
in addition; the KE will use a KB that contains 
the most recent knowledge. In this way, we make 
easier the process of developing KBs because 

each KB will be specialized in a specific domain 
and KEs will co-operate or consult with each 
other. 

11. The final decisions of the KE will be displayed to 
healthcare personnel by the Knowledge 
Representation (KR) unit. These results will be 
used to communicate the final results to the 
physician. Recommendations Display in the form 
of images, texts, sounds, and videos. The CDSS 
could make many diagnoses with different 
probabilities, and the physician can choose the 
best. We expect that this framework will provide 
the most accurate and applicable decision 
support and will achieve a large amount of 
integration between HIS and decision support 
processes. 
In proposed framework, The physician enters 
only the patient UID and initial diagnoses, and 
the CDSS returns decision support.  
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CONCLUSIONS 
 
In this paper has been introduced A Conceptual 
Framework for clinical Decision Support Systems 
with  Considering the Distributed Electronic Health 
Records and Knowledge Engines. 
This framework combines the knowledge that is 
taken out by data mining techniques from EHRs with 
knowledge from domain experts into health care 
information systems for decision making support.  
This framework is fully automated and requires only 
the patient universal ID and the physician’s initial 
diagnosis to make decisions. This system has an open 
architecture in which any number of hospitals, This 
framework depends on a set of knowledge bases in 
different hospitals. Each KB is specialized in a 
specific domain. 
When a KE could n't decide a decision alone, It will 
send the CDA or specific fields from its site to a 
minimized KE that is centralized. this KE have 
information about all specialized KEs that are 
centralized in some site. Each specialized KE have an 
entry in minimized KE. All of the helping KEs 
determine the relevant knowledge and send it back to 
the  minimized KE. 
The framework also assures that the KB is 
continuously up to date to allow the CDSS to produce 
applicable recommendations and actions. To 
represent the final decisions or results to a physician, 
the framework has a unit for representing the results 
from the KE in a meaningful way. 
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