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Abstract

This research deals with the problem of maintaining data, deemed to be one of the biggest problems
of health entities. Most hospitals and clinic suffer loss of data saved in databases and unavailability of
strong cohesive information systems.

The objective of this study is to design and implement a web-based EHR system that can help
create a national repository of health data, and will therefore, make the deployment of telemedicine
applications easier in the future. The EHR system ables to store the patient information, which
normally includes personal information, address, demographics, progress notes, immunization, lab
data, Radiology information, past medical history, family history, vital sign, tobacco history, alcohol
history, examinations, and so on.

The proposed system consists of two another components, Queries system which is built to combine
data from different tables by using a combination of mathematical or logical operators, Queries system
used to answer on a an academic researchers questions. And the front-end of the EHR system which it
is a set of GUI(Graphic User Interfaces) that act as a bridge in between the end users and the EHR
system.

Keywords: Electronic Medical Record(EMR) , Electronic Care Record (ECR), Electronic Health
Record (EHR), Computer-based Patient Record (CPR), and Electronic Patient Record (EPR).

1. Introduction
There are different names- acronyms for computer-based systems in healthcare, such as
Electronic Health Record (EHR), Electronic Medical Record (EMR) , Electronic Care Record
(ECR), Computer-based Patient Record (CPR), and Electronic Patient Record (EPR). These
differences stem from the diverse arguments of the authors or refer to different levels in the
functionality of the systems.

This research devote to EHR, which means the aggregate electronic record of health-related
information of an individual. The record is created and gathered cumulatively across more than one
health care organization and is managed and consulted by licensed clinicians and staff involved in
the individual‘s health and care. The EHR is not a simple computer application; rather, it represents
a carefully constructed set of systems that are highly integrated and require a significant investment
of time, money, process change, and human factor reengineering [1, 2, 3].EHR where every
patient‘'s record and history from all the possible systems are consolidated in a pool. This
information includes patient‘s demographics, progress notes, immunization, lab data, etc. Hence,
it‘s a comprehensive view of patient‘s information.

An EHR enables the physician to see trends in the effectiveness of treatments, a nurse to report
an adverse reaction, a researcher to analyse the efficacy of medications in patients with co-
morbidities and so on. If each of these professionals works from a data repository, each will have an
incomplete picture of the patient‘s condition. An EHR integrates data to serve different needs. The
goal is to collect data once, then use it multiple times [4].
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There are three key criteria for an EHR, integrate data from multiple sources, capture data at the
point of care, and support caregiver decision making. As described in figure (1), this figure displays
a conceptual model that depicts the technical system components that capture and integrate data and
support caregiver decision making [5,6].

Provide
decision
support

Collect data
from multiple
sources

Used as
primary
source
of information
at point of
care

Figure (1): EHR criteria.

Furthermore, the EHR is not limited to a single location but, rather, should include remote access
for providers and consumers; it should even be capable of integrating data across providers and
from personal health records to form a longitudinal view of an individual’s health status and
healthcare.

The EHR has many advantages, it minimizes paper use, very efficient, portable, cost efficiency
to its maximum, less prone to human errors, less chances of clinical data getting destroyed, security
at any extent is possible, quickest reports for decision making, increases office revenues, and time
saving at its maximum. [4, 7]

In another side, there are also several many challenges associated with EHR, for example, lack
of good/affordable high-speed internet solutions and limitations in software, hardware and
networking technologies, difficulty to adapt the new way of maintaining the office and data, it is an
expensive task and needs a lot of finance.

This research was divided into several sections, section 2 describe the building stages of EHR
model through the normalization processes , section 3 implementation of EHR components and
their interconnections, section 4 describe the queries system and finally section 5 discuss some
conclusions and future work suggestions.

2. EHR model building
After examining the business requirement and a clear understanding of the environment on
which EHR will be build, we disintegrate the source EHR into several subject areas. The use of this
is that it will make a clear partition with regards to different entities present in the healthcare
industry and the way data will flow through these entities. Every subject area has its own
importance and the data that corresponds to that subject area .Figure (2) Schematic presentation of
the flow of information within EHR system. We will describe many Subject areas and the entities

which interact with them.
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Figure (2) :The flow of information within EHR system.

In this section, we use the normalization forms, 1NF, 2NF, 3NF, 4NF, 5NF, and BCNF [7] to
study the complex relations between data, to remove the redundancies, and to obtain to relational
model for EHR system and EHR system schema. Figure (3) shows the proposal EHR Schema.
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Figure (3): The proposal EHR schema.

The proposal of EHR schema was converted to corresponding relational Database using Oracle
tools programming language.

3. EHR implementation
The objective of this research is to design and implement an EHR system. The core of this
system is a database which is used to store the EHR information, which represents the back-end of
the system; the front-end of the system is a set of GUI applications which act as a bridge in between
the end users and the system. The implementation also, contain implementation the different queries
, varying from simple query that is direct retrieval from corresponding table, to, complex queries
according to complex conditions from different tables on database. And finally, last component of
EHR system is interest to connect the EHR system to internet. The following subsections describe

these parts in some details

3.1 Back-end (EHR-database)

Database plays role in storing of data, in this research, oracle database is chosen as the
relational database management system to implement the EHR system. The data is stored in row
and column style in the oracle relational database system. The collection of the rows and columns is
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called table, and a group of tables constitutes database system. In the oracle relational database
system, all the data are organized and linked by their relationship.

The proposed EHR system should be able to store huge amount of heterogeneous types data for
different patients from different sources, The system should also support the following functions:

— Insert a new EHR manually

— Modify the items of the EHR manually

— Delete the EHR manually

— Search the patient by the category manually

— Also, offered services of data retrieval and display to specialist and academic students
according to complex conditions they built at execution time.

The proposal EHR schema illustrated in section 2 defines the tables, fields, relationships between
different data, and by using Oracle Tools , the EHR schema converted to appropriate relational
database consist of different tables includes personal information, address, demographics, progress
notes, immunization, laboratory data, radiology information Allergy, past medical history, family
history, vital sign, tobacco history, alcohol history, examinations and son on, and, facilitatethere
interconnections between them.

3.2 Front-end (user interfaces)

EHR system connect their data from different sources, this means, it must involve variety points
from which the end user interacts, Users must do the login operation to enter the system. System
will detect user ‘s name and password. And, It must have authorization and privilege system to
different users. So that, the EHR system must have administrator to control all accesses and update
operations of the system.

The EHR system divide their users into two groups : administrator (s) and General users.

Administrator : or the super-user, includes those people who are authorized to manage and
manipulate EHR database freely , The administrator can do the following operations to EHR
database: modify data, insert data, update data ,query data, and modify user‘s settings by giving an
authorization and privilege to general user in EHR system through the privilege screen prepared to
this purpose.

General User: points to all the people who will use this database system. It should include all the
internal staff if the system is used for some local area and it should include all the internal and
external staffs if the system is used in public. These users include , Physicians, Patients, Academic
researchers, Employees, Chemists, X-ray operators, Laboratory operators, Nurses. For all these
users, the GUI application and interfaces are developed and it provide some functions to enter data,
display, search results, and allowed a simple and complex queries. The general diagramof EHR
System illustrated in Figure (4)
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Figure (4): General diagram of EHR system interface

The above diagram illustrate the responsibility of each type of general user to enter, modify,
display , and manipulation in general on certain types of patient data, for example, Nurse is
authorized to do above operations on specific files like, alcohol history, tobacco history, vital signs ,
immunizations , allergies type, operations information, past history, family history. Laboratory is
authorized to do operations labor tables. X-ray employee is authorized to do operations laborray
tables. And chemist is authorized to do operations medications and patient medications tables.
Figures (5) and (6) show some of these interfaces.
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Figure (5): Nurse responsibility data.
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Figure (6): Radiology information and laboratory information

This responsibility to maintain different data by different users required developing an
authorization and privilege system to prevent unauthorization access and modify data from any
unauthorized user.The administrator only can manage and give users authorization by entering their
information to EHR system and determine the user-name and password to anyone of them. Figure
(7) show the screen to enter user authorization information.
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Figure (7): Privilege giving screen
81



Wasit Journal for Science & Medicine 2014 7(1): (74-84)

3.3 queries system

The EHR system is a powerful and a huge source of information, it provides various cases and
different information about patients to doctors ,academics and medical students. So, we devoted a
special queries screen for these specialist users. By using dynamic pop list and complex conditions
can be achieved with a great easiness and at insignificant time approximately. If an academic
researcher has to view any patient‘s data, it will take few time for him to log in the system and
search for it rather than asking the office staff to look for it from thousands of file bundles. There
will be considerable increase in efficiency with the use of EHR by academic researcher in order to
analyse and take decisions, and can make wise decisions by studying its data.

In concisely, this query screen introduces the following facilities :

1) A high interactive screen, this screen displays data from different EHR system files. Different

color area represents or displays different patient files.

2) An Academic researcher can freely choose any field at run time.

3) The choosing process is depending on an easily way, it is used popup list , check box, or input
any short string.

4) The query screen enables the academic researcher to build a simple query or a complex query
from one file or from many different files at a run time by using the mathematical and logical
operators.

5) This query screen is devoted to academic researcher who hopes to answer to his freely queries
according to his research objective.

6) There are wide ranges of decision support queries which help to decide many factors while
reviewing patient‘s details.

7) Effective patient‘s disease search which allows searching patients with similar symptoms/
disease and hence reviewing the possible medications for patient.

8) Another query screens are devoted to different system users, like nurse, employee, chemist,
etc., which are compacted with data entry screens for each user type. These screens enables
these users to execute different retrieval processes on their files, in purpose of making sure of
entries correctness, and to perform appropriate data updates. also , these queries may be
simple or complex queries.Figure (8) below show the query screen. And, figure (9) show the
answer to query described below it.
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Figure (8): General query screen devoted to academic researchers.

82



Wasit Journal for Science & Medicine 2014 7(1): (74-84)

Patient i i
No FName WMMName T Name I:qaan::: (BBISS?JPGender “S"::_II_F:JASL I:;neg ml:dcme

ate
5 8L Py e o gl B+ ~||MALE MARRIED ARABIC -| 1410911966 |22/11/2000
10 A ol G Al 0- MALE SINGLE ARABIC -| 1410911980 |22/11/2000
15 slada sk e —taa B+ -||MALE SINGLE ARABIC | 0410211979 (2211112000
20 s gl e - ralad] AB -||MALE SINGLE ARABIC -| 0410211979 (221112000
25 ey daelan il el B- MALE MARRIED ARABIC -| 16/08/1966 |22/11/2000
30 o [ i el A+ ~||MALE SINGLE ARABIC -| 16/0811983 |22/06/2005
35 #lada ok e o sl B- MALE DIVORCE ARABIC ~| 16/0211970 |22/05/2005
40 uadl ol gl 2 s it AB -||MALE DIVORCE ARABIC -| 1610211968 22/05/2005
45 sl Aa o @il AB -||MALE WIDOWER ~||ARABIC -||16/02/11978 |22/05/2005
50 e el Caad At O+ ~||MALE WIDOWER ~| ARABIC ~| [16i02/1968 |22/05/2005
55 G s e sl B- FMALE ~|SINGLE ARABIC -| 161111980 |22/05/2005
60 b dass alsa bl A+ FMALE -|SINGLE ARABIC 16M1/1966 |22/05/2005
65 Y aal et gl B- FMALE -|MARRIED ARABIC - [16111/1975 |22/05/2005
I 70 3 s o gl B- FMALE ~|MARRIED ARABIC -| 161111975 |22/05/2005
75 £y s (P el B+ -||FMALE ~|SINGLE ARABIC [*| 16111967 |22/06{2000

Figure (9): The results of the associated example.
Query 1: List of all the patients are had illness name " Diabetes /Suger in Urine", medicine name "
Buscopan™ and medicine date between 03/05/1999 and 20/12/2006.

3.4 Connect to internet

EHR enableto access on a real time to any patient‘s record and its history from all the possible
systems in any place in the world, because of, that all these information are consolidated in
anintegratedpool. This information includesa comprehensive view of patient‘s information. EHR
also constitutes the collaboration of data from different entities like patients information, labs data
for the patients and, other clinical data information related to the patient, hospitals, or from any
medical institution in world.

in this case, the EHR system will ensure several advantages , such as, better accessibility, i.e.,
faster access to patient information, supports the security and integrity of the patient information,
few or free from error, and many other.

4. Conclusions

The presented application attempts to reach solutions for some problems faced by leaders and
decision makers and by those concerned with medical information systems.It assists health
professionals in accessing patient medical information fast, creates a national repository of health
data, and will therefore make the deployment of telemedicine applications easier in the future. In
this manner, the presented system may improve the operation of the healthcare organizations. It
makes quicker lab results, instead of relying upon traditional routines , many lab results can be
returned to physicians as soon as they have been completed. This helps speed the entire process
which reduces waiting periods.It provides an integrated system for managing and following up
users of medical information systems.

The presented application has been a boon in health care segment and has helped in reducing
paper to a great extent.It enables users of medical information systems to exchange data easily and
fast.The presented application creates new opportunities for patients and physicians to interact in
ways that were impractical only a few years ago. EHR provides admitting staff, physicians and
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business professionals appropriate access to common patient data while maintaining privacy
requirements.It also improves communication and collaboration, provide a great opportunity for
early detection of epidemics and clinical audits, and enhance better resource allocation.

Finally, the EHR system is a huge project required participation and cooperation efforts of many

foundations, hospitals, health centers, private clinical, and different specialists, in addition to
governmental support and this work is a primary modest step toward a complete aim the EHR
system.

5. References

1-

Margret K. Amatayakul, MBA, RHIA, CHPS, FHIMSS(2004).“Electronic Health Records,
A Practical Guide, for Professionals and Organizations”, the American Health Information
Management Association (AHIMA), USA.

TankoAbdulai(2009). limplementing EHR in a developing country: potential challenges and
benefits —, Institute of Clinical Medicine ,University of Troms ,Troms, Norway,master thesis.

IliasMaglogiannis, NikolaosApostolopoulos, PanagiotisTsoukias(2004).I Designing And
Implementing An Electronic Health Record For Personal Digital Assistants —,University of
the Aegean, Dept.of Information and Communication Systems Engineering 83200 Karlovasi,
Samos, Greece.

National Institutes of Health National Center for Research Resources,| Electronic Health
Records Overviewl, The MITRE Corporation, April (2006).
http://www.himss.org/files/HIMSSorg/content/files/Code%20180%20MITRE%20Key%20Com
ponents%200f%20an%20EHR.pdf.

Trisha Torrey(2008). —The Advent of Electronic Patient Health and Medical Record
Keeping Systemsl, About Guide ,Feb 07, http://patients.about.com/od/
electronicpatientrecords/a/EMRPHRAhistory.html.

Mahad Ibrahim(2009).Health Systems, Information Flows, and Technology Choices: The
Promise of eHealth in Africa, Health Systems for Outcomes Publication(HSO) , September 21.

Alin Gheorghe cordo,(2008).—Studies And Researches In Information Management,

Processing And Communication Applied In Medical Domainl, UniversitateaTehnica, Doctoral
Thesis.

84


http://www.himss.org/files/HIMSSorg/content/files/Code%20180%20MITRE%20Key%20Components%20of%20an%20EHR.pdf
http://www.himss.org/files/HIMSSorg/content/files/Code%20180%20MITRE%20Key%20Components%20of%20an%20EHR.pdf

