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Abstract - The aim of pre-hospital emergency medicine is to
save lives, minimize sanitary harm and restore the quality of
life as good as possible. Emergency pre-hospital care has
the challenge of being time critical in nature. It requires
rapid decision making despite the limited information
around the patient which contributes to the high risk of
medical errors. Although many clinical decision systems
have been proposed many decades ago for the purpose of
improving the quality of healthcare and reducing medical
errors in clinics and emergency departments, but none of
them had introduced a design of a decision support system
for the pre-hospital emergency treatment. This paper
introduces a high level design for a comprehensive medical
emergency decision support system (CMEDSS). The major
contribution of this paper is that it provides a framework for
a medical emergency decision support system that addresses
the challenges of pre-hospital emergency treatment through
the use of the patient’s electronic health record (EHR) and
artificial intelligence techniques during the decision making
process.
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1 Introduction

The aim of emergency medicine is to save lives,
minimize sanitary harm and restore the quality of life as best
as possible. Pre-hospital care has the challenge of being
time critical in nature.

The literature has posted the potential role of health
information technology in reducing emergency medical
response times [1, 2] and improving the level and type of
care provided to a patient through emergency care [3, 4, 5].

Indeed, next generation medical emergency systems
have been identified as an essential component of healthcare
systems that should enable decision support for an
integrated voice and data emergency communications
system [6]. To this aim, the Hatfield Report [7] provided

recommendations toward upgrading medical emergency
systems infrastructures so that they can sufficiently address
improvements and opportunities made available by existing
technologies such as Internet Protocol (IP) networking
standards, voice over IP (VOIP) communications, location
identification techniques and public safety answering point
(PSAP) processes and resources [8].

A systematic literature review by Garg et al. [9] of 100
studies concluded that "Clinical decision support systems
improved practitioner performance in 64% of the studies
and improved patient outcomes in 13% of the studies".
Another literature systematic review of 70 studies by
Kawamoto et al. [10] found that "Decision support systems
significantly improved clinical practice in 68% of trials."

Clinical decision support (CDS) systems, with the
potential to minimize practice variation and improve patient
care, have begun to surface throughout the healthcare
industry. Clinical Decision Support Systems are "active
knowledge systems which use two or more items of patient
data to generate case-specific advice" [11]. This implies that
a CDSS is simply a DSS that is focused on using knowledge
management in such a way to achieve clinical advice for
patient care based on some number of items of patient data.
CDSSs are aimed at supporting clinical diagnosis and
treatment plan processes; and promoting use of best
practices [12].

This paper presents a high level design for a
Comprehensive Medical Emergency Decision Support
System (CMEDSS) based on artificial intelligence that takes
into consideration the patient's electronic health record in
order to improve the quality of the decision making process
in terms of both speed and accuracy.

The use of the patient’s electronic health record in the
medical emergency decision making process is very
important. It has been reported in [15] through a systematic
review with healthcare practitioners how having preexisting
patient information (e.g., medications, pre-existing medical
conditions, allergies, blood type, etc.) could significantly
reduce data collection time and help to reduce medical



errors and to increase quality of care provision across the
emergency response continuum of care.

Furthermore, the CMEDSS is designed in a way that
permits the countries that didn’t yet implement the concept
of electronic health record (EHR) in their national
healthcare centers to use the CMEDSS. This is because the
decisions it makes don’t totally depend on the patient’s
EHR, rather they are based on both the patient’s EHR and
his current status. So the CMEDSS can still function in the
absence of the EHR.

The CMEDSS is proposed for emergency care
ambulances and emergency departments where more
accurate decisions are needed in critical time.

The paper is organized as follows: Section 2 provides
a literature review on the related work on emergency
medical DSSs. Section 3 provides an overview on the
framework of the proposed CMEDSS. Section 3 discusses
the process of the CMEDSS. And section 5 discusses the
architecture and the components of the CMEDSS. Finally
section 6 concludes the paper.

2 Related Work

Although medical decision support systems have been
discussed extensively in the research, but researches
introducing this technology into the area of medical
emergency are too rare. We can summarize the researches
that had introduced this technology to the area of emergency
medicine below.

The first medical emergency decision support system
was MEDAS - Medical Emergency Decision Assistant
System, which was designed in 1980. MEDAS is a
knowledge-based interactive diagnostic system which assists
in diagnosis of multiple disorders in human body [13]. The
knowledge base consists of disorder patterns that constitute
the background medical information required for diagnosis
in the emergency and critical care medicine. This system is
designed to provide the clinician with decision aids from the
time the patient is first seen in the emergency department
until the immediate risk of life has been minimized. The
system includes life support protocols, diagnosis,
recommendations for data acquisition, guidelines for
therapy, storage and retrieval of the patient record, and a
consultant library that may be accessed in real time. An
automatic knowledge acquisition system for MEDAS has
been proposed in [14] which assist physicians to build, test,
and verify the knowledge base for MEDAS without the
involvement of knowledge engineer.

In [15, 16, and 17] a prototype has been made for a
decision support system for medical Triage. Triage has been

defined as the process of categorization of casualties based
on their need for medical attention [16, 17]. In medical
triage, the treatment category determines the level of
urgency of medical attention, and decisions based on nurse’s
primary observations must be produced in the shortest time
possible. In emergency departments in Australia, the triage
nurses use the Australian Triage Scale (ATS) to guide them
through the triage decision-making process [18]. The
Australian College of Emergency Medicine (ACEM) adopts
the Australian Triage Scale (ATS) as part of its triage policy
[19]. Because the accuracy of triage decisions has a major
impact on whether or not a patient may receive medical
intervention in an appropriate time frame, it is critical for
the health outcomes of the patient. It is envisaged that by
providing decision support tools to assist triage nurses in
producing correct and timely triage decisions that are
consistent with standard triage scales, triage decision
support systems can contribute to the improvement of
quality of life of triage patients and also reduce costs
occurring from misappropriation of resources [20].

The CMEDSS proposed in this paper combines the
strengths of the medical emergency decision support
systems discussed above in addition to the usage of patient’s
electronic health record (EHR) as an input to the DSS in
emergency ambulances and departments, which is the major
contribution of this paper.

3 The CMEDSS Framework

The CMEDSS is based on three aspects; intelligent
decision support system, national electronic health records
and web-enabled decision support system. The following
subsections give an overview on each of them.

3.1 Intelligent Decision Support System
(IDSS)

Decision making work is now becoming more
‘knowledge oriented” [22] and the need for more
‘knowledge-driven’ decision making support has laid the
foundation to many artificial intelligence approaches and
furthered the development of Intelligent Decision Support
Systems (IDSS) [15].

Intelligent Decision Support Systems (IDSS) is a term
that describes decision support systems that make extensive
use of artificial intelligence (Al) techniques. The aim of the
Al techniques embedded in an intelligent decision support
system is to enable these systems to support decision makers
by gathering and analyzing evidence, identifying and
diagnosing problems, proposing possible courses of action
and evaluating the proposed actions to be performed by a
computer, whilst emulating human capabilities as closely as
possible [23].



These DSSs are person-computer systems with
specialized problem-solving expertise. The "expertise"
consists of knowledge about a particular domain,
understanding of problems within that domain, and "skill" at
solving some of these problems [24]. IDSSs have been
called suggestion DSS [25] and knowledge-based DSS [26].

3.2 National Electronic Health Records

(EHR)
With  the national movement towards data
interoperability and standards development, electronic

health record concept is at the heart of health informatics.
Its purpose can be understood as a complete record of
patient encounters that allows the automation and
streamlining of the workflow in health care settings and
increases safety through evidence-based decision support,
quality management, and outcomes reporting [27].

An electronic health record (EHR) is an evolving
concept defined as a systematic collection of electronic
health information about individual patients or populations
[28]. Such records may include a whole range of data in
comprehensive or summary form, including demographics,
medical history, medication and allergies, immunization
status, laboratory test results, radiology images, vital signs,
personal stats like age and weight, and billing information.
[27].

The need for a better quality of service, unique
identification of electronic health records, and efficient
monitoring and administration requires a uniform and
nation-wide organization for service and data access [29].
Several healthcare organizations worldwide are moving
toward nationwide implementation of interoperable
electronic health records. For instance, Canada Health
Infoway [30] is an organization that provides specifications
for a standard and nationwide healthcare infrastructure. The
goal is to integrate information systems from different
health providers and administrations (e.g., hospitals,
laboratories, pharmacies, physicians, and government
agencies) within each province, and then connect them to a
nationwide healthcare network with standard data formats,
communication protocols, and a unique health history file
for each patient; where the health information is accessible
ubiquitously, using common services according to different
access privileges for patients and providers. Infoway’s
mission is to foster and accelerate the development and
adoption of an interoperable Electronic Health Record
(EHR) system [30].

National EHRs need a unique identifier for each
record such as a national health record number which can be
used to retrieve the patient's EHR.

3.3 Web-Enabled Decision Support System

Web services promote software portability and
reusability in applications that operate over the Internet.
They are a transition to service oriented, component-based,
distributed applications. In other words, web services are
applications implemented as Web based components with
well-defined interfaces, which offer certain functionality to
clients via the Internet [31].

Web-enabled DSSs are based on web services where
users can access them through the Internet. All types of DSS
can be deployed using Web technologies and can become
Web-based DSSs. Figure 1 shows the interaction between
the user and the decision support system through web
services.
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Figure 1. Web-enabled DSS

Web service architecture is built on open standards
and vendor-neutral specifications i.e. they can be
implemented in any programming language, deployed and
then executed on any operating system or software platform
[31].

4 The CMEDSS Process

The eventual network for EHR transactions is likely to
be conducted over the World Wide Web, which is open,
flexible and convenient [32]. For the purpose of being able
to retrieve EHRs in mobility (i.e. in healthcare ambulance)
and to centralize all the data and operations in one place and
to reduce the load on client side (i.e. using thin clients),
client-server architecture is the appropriate architecture for
the proposed CMEDSS.

The CMEDSS is web-based which will be built on the
server side of client-server architecture. The server side is
located at a national healthcare center built around a country
or several countries and keeps national EHRs for all people
in that country.

At the server side, three-layer design is an effective
approach to the development of robust and easy
maintainable systems. This architecture is appropriate for
CMEDSS that needs to support multiple user interfaces. The
set of layers at the server side includes the following:

o Data layer - that manages stored data, usually in
one or more databases. The data include EHRs and
the knowledge base of the CMEDSS.
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Figure 2. Real-time retrieval process of electronic health record based on the patient's fingerprint

e Business logic - (domain) layer that implements the
rules and procedures of the business processing. It
also includes the CMEDSS inference engine and
the associated manipulation modules.

e View layer - that accepts input and formats and
displays processing results.

As stated earlier, the national EHR needs a unique
identifier. Using a national health record number to retrieve
a patient's EHR is not suitable in emergency cases and
especially in emergency ambulance care because the
physicians have no means to know the patient's national
health record number without being told. A better approach
is to associate the patient's fingerprint with the EHR, so that
in emergency cases, the patient's EHR can be retrieved
easily by reading the patient's fingerprint using a fingerprint
reader devise.

Figure 2 shows the real time retrieval process of EHR.
First, the healthcare staff uses a fingerprint reader devise to
read the patient's fingerprint. The patient's fingerprint is then
entered into the emergency care (ambulance or department)
computer. It is then used to retrieve the patient’s EHR. The
EHR is usually large and needs long time to be transferred
to the emergency care computer; therefore a summary of the
EHR can be requested to be transferred instead. The
summary can be designed to include the standard and most
important information about the patient (e.g., pre-existing
medical conditions, allergies, blood type, etc.).

The CMEDSS core decision making processes have
not been discussed yet. Figure 3 depicts the process of the
CMEDSS. In order to get a decision from the CMEDSS, the
physician inputs the patient's fingerprint and his current
condition information into the physician user interface, and
then submits this information to the server requesting a
decision support.
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Figure 3. The CMEDSS Process



The server directs the request to the CMEDSS which
is implemented internally at the server side. The CMEDSS
retrieves the patient's EHR based on his fingerprint, extracts
the important information from it, and use this extracted
information along with the patient's current status
information to output a decision regarding the patient's
urgency level and a decision to handle the situation. The
patient's urgency level determination is important in order to
achieve an efficient appropriation of resources when the
patient reaches an emergency department and improve the
quality of care provided to the patient as recommended in
[15, 16, and 17]. And the decision to handle the situation
can assist physicians regarding the diagnosis in the
emergency, critical care medicine, and pre-hospital
treatment as proposed in [13]. The server then sends the
CMEDSS output to the emergency physician user interface.

These operations will be highlighted in the following
section which explains the structure and components of the
CMEDSS and the responsibility of each component.

5 The Design of the CMEDSS

The design of the proposed CMEDSS is shown in
Figure 4. The system has five components; the healthcare
emergency staff user interface, the input module, the facts
workspace, the inference engine and the knowledge base.
These components are explained in detail in the following
subsections.

manual data entry and that “fit” with the healthcare staff’s
emergency care processes as opposed to “getting in the
way” of their time-critical work.

It has to be able to accept the queries or instructions in
a form that the user enters and translate them into working
instructions for the rest of the system. It also has to be able
to translate the answers, produced by the system, into a form
that the user can understand.

5.2 Input Module

The input module deals only with the information
submitted by the user, it forms a gateway to the facts
workspace. It accepts two inputs from the user, the patient’s
fingerprint and his current status data. Then it uses the
patients fingerprint to retrieve his EHR from the EHRs
database, through the EHR retrieval module. The EHR is
then passed to the EHR critical data extraction module,
which extracts critical and important information from the
EHR, this module is needed because the EHR is large and
the CMEDSS does not need all information in it. The
critical information needed by physicians needs to be
determined by emergency and critical care experts (e.g.
blood type, diabetic, heart disease, etc.), then defined in the
EHR critical data extraction module. The input module then
passes the extracted critical features regarding the patient
and his current status data to the facts workspace.

Facts (workspace)

Input module
EHR EHR Critical
Patient's > Retrieval : Data
Healthcare Fingerprint Module Extraction
Staff User Module
—>

Interface

Patient's Current

Critical Features

Input facts

Knowledge Base

3 Inference Engine <

Status Data

«— —

New facts

Patient's Current
Status Data

Urgency Determination

Decision to handle the situation

Figure 4. Structure of the proposed CMEDSS

5.1 Healthcare Emergency Staff User
Interface

The user interface is the means of communication
between a user and the CMEDSS problem-solving
processes. The CMEDSS should include enhanced
interfaces that enable automated data capture as opposed to

5.3 Facts Workspace

The facts workspace is an area in the computer storage
where CMEDSS stores the facts it has been given about
situation and any additional information it has derived so
far. It is also called blackboard, scratchpad or working
storage. It includes the facts inserted by the input module



and the facts derived by the inference engine during the
reasoning process.

5.4 Inference Engine

The heart of the CMEDSS is the inference engine. It
accepts the input facts and chooses rules from the
knowledge base to fire. Its implementation involves issues
such as data structures, searching, sorting, pattern matching
(recognition), and probability calculation. Many ready-made
inference engines are available in the market and can be
used for any intelligent DSS. Examples include OPS5, VP-
Expert, EXSYS, KES, M.1, and Personal Consultant [33].

The inference engine produces two types of decisions,
one regarding the urgency level of the patient status and one
regarding a decision to handle the situation. The urgency
level determination is important as proposed in [15, 16, 17,
18, 19, and 20] in order to ensure that the patient will
receive medical intervention in an appropriate time frame
when he reaches the hospital, it is critical for the health
outcomes of the patient and also it reduces costs occurring
from misappropriation of emergency resources. The
decision to handle the situation, implements emergency
medication standards to deal with the patient’s situation
including life support protocols, recommendations for data
acquisition, diagnosis, proposing possible courses of action
and therapy.

5.5 Knowledge Base

The expertise of the CMEDSS is represented in the
knowledge base and the strength of the CMEDSS is
reflected by the strength of the knowledge it possesses in its
knowledge base. This includes best emergency care
practices about emergency triage, diagnosis in the
emergency, critical care medicine, and pre-hospital
treatment of each specific health condition. All this
knowledge must be taken from an expert and encoded into
the knowledge base either by manual methods using a
knowledge engineer as in [13] or using automatic
knowledge acquisition methods like inductive learning,
naive Bayesian learning, generic algorithms learning, or
artificial neural network learning.

6 Conclusions and Future Work

The use of decision support systems for enhancing
quality and efficiency of medical decision-making has been
flagged by many researchers. However, the greatest part of
researches conducted around medical decision support
systems were aimed to be used in clinics. Few researches
proposed the use of decision support systems in emergency
departments due to the greater challenges in emergency
settings. And this paper is the first paper to introduce the

use of an emergency decision support system in emergency
ambulances as well as in emergency departments.

This paper presents a high level design of a
comprehensive medical emergency decision support system
based on artificial intelligence and the patient’s EHR. We
proposed the use of the patient’s EHR in the decision
making process which is the major contribution of this paper
(in addition to introducing the use of DSS in emergency
ambulances). This system is expected to improve not only
the quality of treatment provided to patients in pre-hospital
emergency settings, but also the quality and timeliness of
the emergency response when the patient reaches the
emergency departments.

Future work includes the implementation, testing
validation and refinement of the system.

7 Acknowledgement

This work is part of a two year research project which
has been fully funded by a grant through King Abdul-Aziz
City for Science and Technology (KACST) / National Plan
for Science and Technology (NPST) in the Kingdom of
Saudi Arabia. Grant number: 09-INF880-02

8 References

[1] B. Schooley, T. Horan, and M. Marich. "User Perspectives
on the Minnesota Inter-organizational Mayday Information
System”, in  AMIS Monograph Series: Volume on
Information Systems for Emergency Management, Van De
Valle and Turoff, Eds.: IDEA Press, 2008.

[2] J. Peters and Hall, B. "Assessment of ambulance response
performance using a geographic information system,” Social
Science and Medicine, vol. 49, pp. 1551-1566, 1999.

[3] M. Jason S. Shapiro, ¢, Joseph Kannry, MDb, Andre W.
Kushnirukd, Gilad Kuperman, MD, PhDae "Emergency
Physicians. Perceptions of Health Information Exchange,"
pp. 700-705, 2007.

[4] G. Mears, J. Ornato, and D. Dawson, "Emergency Medical
Services Information Systems and A Future EMS National
Database," in Turtle Creek Conference Il1, Dallas, TX, 2001.

[5] T.A. Horan and B. Schooley, "Time-critical information
services,"” Commun. ACM, vol. 50, pp. 73-78, 2007.

[6] NHTSA, "Next Generation 9-1-1 System Concept of
Operations (NG911 ConOps),” N. H. T. S. Administration,
Ed., 2005.

[71 D. N. Hatfield, "A Report on Technical and Operational
Issues Impacting The Provision of Wireless Enhanced 911
Services," Federal Communications Commission,
Washington, D.C. 2002.



(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

L. K. Moore, "An Emergency Communications Safety Net:
Integrating 911 and Other Services," Congressional
Research Service, Washington, D.C. Feb 28, 2008.

Garg AX, Adhikari NK, McDonald H, Rosas-Arellano MP,
Devereaux PJ, Beyene J et al. (2005). "Effects of
computerized clinical decision support systems on
practitioner performance and patient outcomes: a systematic
review", JAMA 293 (10): 1223-38.
doi:10.1001/jama.293.10.1223. PMID 15755945,

Kensaku Kawamoto, Caitlin A Houlihan, E Andrew Balas,
David F Lobach. (2005). "Improving clinical practice using
clinical decision support systems: a systematic review of
trials to identify features critical to success.”. BMJ.

Wong HJ, Legnini MW, Whitmore HH. “The diffusion of
decision support systems in healthcare: are we there yet?”, J
Healthc Manag. 2000 Jul-Aug;45(4):240-9; discussion 249-
53.

Perreault L, Metzger J. “A pragmatic framework for
understanding clinical decision support”. Journal of
Healthcare Information Management. 1999;13(2):5-21.

Mosshe Ben-Bassat, Richard W. Carlson, Venod K. Puri,
Mark D. Davenport, John A. Schriver, Mohamed Latif,
Ronald Smith, Larry D. Portigal, Edward H. Lipnick, and
Max Harry Well. “Pattern-Based Interactive Diagnosis of
Multiple Disorders: The MEDAS System”, IEEE
Transactions on Pattern Analysis and Machine Intelligence,
vol. PAMI-2, NO. 2, march 1980.

Li-Jen Chang and Martha Evens, Ph.D., David A. Trace,
M.D., “A Knowledge Engineering System for MEDAS”,
Seventh Annual EEE Symposium on Computer-Based
Medical Systems, IEEE, 1994.

Neha Padmanabhan, Frada Burstein, Leonid Churilov, Jeff
Wassertheil, Bernard Hornblower, Nyree Parker, A “Mobile
Emergency Triage Decision Support System Evaluation”,
Proceedings of the 39th Hawaii International Conference on
System Sciences — 2006.

San Pedro J, Burstein F, Cao P, Churilov L, Zaslavsky A
and Wassertheil J. “Mobile Decision Support for Triage in
Emergency Departments”. In Proceedings of the Decision
Support in an Uncertain and Complex World: The IFIP
TC8/WG8.3 International Conference 2004, 714-723.

San Pedro J, Burstein F, Wassertheil J, Arora N, Churilov L
and Zaslavsky A. “On the development and Evaluation of
Prototype Mobile Decision Support for Hospital Triage”.
Proceedings of the 38th Hawaii International Conference on
System Sciences, 2005.

Van der Loo RP, Van Gennip EMSJ, Bakker AR, Hasman A
and Rutten FFH. “Evaluation of automated information
systems in healthcare: An approach to classifying evaluative
studies”. Computer Methods and Programs in Biomedicine,
1995, 48, 45-52.

Victorian Department of Human Services. “Consistency of
Triage in Victoria's Emergency Departments: Summary
Report”, Melbourne, Australia. 2001a.

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

San Pedro J, Burstein F, Cao P, Churilov L, Zaslavsky A
and Wassertheil J. “Mobile Decision Support for Triage in
Emergency Departments”. Proceedings of the 2004 IFIP
International Conference on Decision Support Systems
(DSS2004), 01 July 2004 to 03 July 2004, Monash
University, Melbourne Vic Australia, pp. 714-723.

Webopedia, decision support system,
http://www.webopedia.com/TERM/D/decision_support_syst
em.html, April 2011.

Dhar V and Stein R. “Intelligent Decision Support Methods:
The Science of Knowledge Work”. Sydney: Prentice Hall,
1997.

Wikipedia, Intelligent  decision  support  systems
http://en.wikipedia.org/wiki/Intelligent_decision_support_sy
stems, April 2011.

Power, D. J., “Decision Support Systems: Concepts and
Resources for Managers”, Westport, CT:
Greenwood/Quorum, 2002.

Alter, S.L. “Decision Support Systems: Current Practice and
Continuing Challenge”. Reading, MA: Addison-Wesley,
1980.

Klein, M. and L. B. Methlie, “Knowledge-based Decision

Support  Systems with Applications in Business”.
Chichester, UK: John Wiley & Sons, 1995.
HIMSS -  Electronic  Health Record (EHR),

http://www.himss.org/ASP/topics_ehr.asp, April 2011.

Tracy D Gunter, MD and Nicolas P Terry, LLM, “The
Emergence of National Electronic Health Record
Architectures in the United States and Australia: Models,
Costs, and Questions”, Med Internet Res. 2005 Jan—Mar;
7(1): e3.

Kamran Sartipi, Mohammad H. Yarmand, and Douglas G.
Down, “Mined-knowledge and Decision Support Services in
Electronic Health”, International Workshop on Systems
Development in SOA Environments (SDSOA'07), opment in
SOA Environments (SDSOA'07), IEEE, 2007.

Canada Health Infoway http://www.infoway-inforoute.ca/,
April 2011

Yuri Boreish, “Web-Based Decision Support Systems As
Knowledge Repositories for ~ Knowledge Management
Systems”,http://www.ubicc.org/files/pdf/BoreishaUBICC_I
KEQ7_202_202.pdf, April, 2011.

Sydney Henrard, “Preliminary Instrumentation for the
Efficient Use of Web-Based Electronic Health Records”,
Proceedings of the 17th IEEE Symposium on Computer-
Based Medical Systems (CBMS’04), IEEE, 2004.

C. W. Holsapple,Varghese S. Jacob,Andrew B. Whinston,
“Operations research and artificial intelligence”, Intellect
Books, 1994.



