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Abstract
The concentration in healthcare information technology increases as hospitals realize the importance of utilizing Electronic Patient Record (EPR). Also Qatari’s healthcare system realizes the importance of EPR and aims to improve current patient record system in hospitals in Qatar including Hamad Medical Corporation (HMC) hospitals.
The challenge for EPR is to supply health providers and medical researchers with a complete view of health status in HMC in general. To achieve that it is needed to overcome some obstacles such as: interoperability which happens when patient has multiple medical records, achieve accountability which means the ability to identify the healthcare party who deal with medical data, overcome the lack of ability to uniquely identify patients, using standardized medical terminology, maintain patient privacy and effectively retrieve patient information. 
This research was done to find solutions to above problems in HMC. The research is based on two steps: first step, demands were evaluated and second step, enhancements were suggested to current EPR in HMC. Suggested enhancement are adding the Qatari ID to EPR to overcome interoperability and assure data integrity, adding National Drug Code NDC to be able to retrieve medication prescript by physicians and adding diagnosis from one medical thesaurus.
The objectives of the research are: to examine current content in EPR at HMC, to improve the quality of data in EPR and effectiveness of provided healthcare services especially for researchers, to ease healthcare management and to increase the capabilities of current EPR system to meet healthcare provider’s needs.
The methods of investigation used was: case study approach which includes doing a literature review, exploring a HMC case and conducting interviews while using established theories to reach conclusions. 
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Chapter 1: Introduction
Background
Healthcare systems are complex systems that include a large amount of information. There are two types of patient record systems: paper based patient record systems and electronic patient record systems. However, the amount of information stored in healthcare systems is too huge for paper-based record system to meet the requirements of healthcare professionals and researchers. 
The use of Information and Communication Technology in healthcare services centers was mainly to improve quality and efficiency of healthcare services. Also saved costs by creating, storing the patient healthcare information while sharing patient health information by using Electronic Health Record (EHR) (Haux et al.). 
EHR will be created by the contribution of Electronic Patient Records (EPR) from different healthcare services centers (Department of Health, NHS Executive 4). In order for EHR to be successfully applied on a national level some factors must be achieved as follows: Interoperability, Accountability, Data Integrity, Standardized Medical Terminologies, Privacy, Confidentiality, and Security. Other aspects such as cost, legal framework and demography will also help completion of a successful EHR (Foldy et al). However, most healthcare systems on a national basis are adopting Electronic Patient Record to store and share records. Though Electronic Patient Record started 30 years ago, many systems (including Hamad Medical Corporation) are still applying paper-based record and electronic systems (Smaltz and Berner 3). 
Collecting patient’s information in one single system will lead to vast amount of available health information. Each type of this information is needed by different parties in healthcare centers to improve healthcare services, to provide better care for patient and to provide more ease in sharing data. But it is not always possible to have single healthcare system on big scale. It has been recognized that patients might interact with different healthcare organizations for different reasons, for example, in cases that needed special care like cancer patients (Dick and Steen 2), which leads to scattering of healthcare information in different healthcare organizations. This scattering of health information is considered to be the biggest challenges facing national electronic health record. 
Other challenges facing EHRs is the variation of EPR model between healthcare systems in different hospitals, which leads to differ in the techniques used for storing process which effect sharing information between organizations. Another obstacle is lack of organization of health information in EPRs that hinder generation of statistical information. Kalra and Ingram assume that these challenges can be met by standardizing the structure of EPR that will lead to accurate extraction of information from EPR.
Research Problem
This research is based on the current status of Hamad Medical Corporation patient record system, which is considered to be hub for health information in Qatar. Also this research is highlighting patient and researchers concerns about quality healthcare information stored in EPR.
Mainly the research is motivated by challenges facing patients’ health information acquisition and challenges facing researchers in retrieving medical data. These challenges may be explained as follows:
Patients do not remember information about their cases (Information Daily Staff Writer), which leads to losing valuable information, and healthcare professionals wish for easy access to medical information. Currently, Electronic Health Record in Hamad Medical Corporation lacks a tool that enables healthcare professional to view, comprehend and manage medical information, additionally not all patient health information is stored.
The different kinds of health information problems facing health system and which needs to be taken into account when retrieving health information data (Sissons), which will be explained in details in the research.
Electronic patient systems are not customized to give information to non-healthcare professionals (Stoop, Bal and Berg) such as government and epidemiologists.
Lack of single internationally accepted medical terminologies thesaurus that can used by different healthcare professionals.
Healthcare researchers’ requirements to receive accurate and comprehensive health information and statistical data that aids their research.
Research question
Based on research problem and background overview, the following research questions will be explored: 
What are the benefits of current patient record system in Hamad Medical Corporation?
What is the most practical way of using patient healthcare information to help medical researchers? And how can electronic patient record systems improve the quality of retrieving diagnosis data and avoid medical errors while saving time for healthcare professionals?
Aims and Objectives
This thesis aims to improve the EPR system in Hamad Medical Corporation in order to make it more efficient in searching and accessing healthcare information. To achieve that the researcher suggests enhancements that would provide healthcare professionals with the capability to view organized data and statistics, that would results in helping different parties such as: researchers and government. These enhancements will also support healthcare services provided by HMC, and compare between different hospitals, while exploring hospitals’ need at different location that eventually will help in the national healthcare services planning. The specific objectives are: 
To examine current content in EPR;
To improve the quality of data in EPR and effectiveness of provided services especially for researchers;
To ease healthcare record management;
To increase the capabilities of current Electronic Patient Record system to do multipurpose healthcare systems.
Research Methods 
The work of this dissertation reflects investigation about EPR in Hamad Medical Corporation in Qatar, its requirements and suggested improvements. The general research methodology was a case study approach that examines EPR in its natural setting and employing multiple methods of data collection to gather information from one or a few entities. Multiple sources of evidence are used, although most of the evidence comes from interviews and published literature to reach conclusions and recommendations (Benbasat, Goldstein and Mead 370).
1.5.1 Selecting the Research Approach
Literature review 
In the literature review a two-phased approach is used to determine what is already published about EPR. Firstly, researcher started with general search to explore the history of EPR system. Secondly, collected literature was used to explore the deficiency of EPR, lack of standardization in healthcare field, implementation and sharing of EPR. 
Case study
The case study approach is chosen to be the research method because it is a method that monitors alteration over time in order to understand events that develop and change over time, and this is the case in HMC in Qatar as patient record system has been developed from paper based to double system (paper and electronic), and currently is moving to fully electronic patient record system. Monitoring this alteration over time will help understanding the final image that EPR developed to over time. 
Also for “healthcare-systems” the case study will be the best research method, where obstacles are often complex and not clear (Yin) Also, healthcare-systems can be rich grounds for generating theories (Benbasat, Goldstein and Mead 372). However, case studies is considered a preferred method in this research because it enables the researcher to study the background of EPR in HMC and EPR development over time, thus determining and visualizing a whole view of current EPR in HMC.
Case Study Definition
The case study “examines a phenomenon in its natural setting, employing multiple methods of data collection to gather information from one or a few entities (people, groups, or organizations)” (Benbasat, Goldstein and Mead 370). Additionally a case study uses experimental evidence from one or more organizations where an attempt is made to study the subject matter in context. Multiple sources of evidence are used, although most of the evidence comes from interviews and documents. 
Above definition illustrate the main characteristics of the case study research, which are: 
There must be a case or phenomena to be studied. It is crucial to delineate the case clearly to know what kind of data need to be collected;
The natural of the case study can be organization of any kind or size. What determine kind or size of the case study is the case itself and its goals;
Presence of entities which from it or about it the data is to be collected.
Meetings with Healthcare Providers
Interviews with a number of healthcare professionals at Hamad Medical Corporation different hospitals were conducted:

Healthcare provider specialty 	Healthcare Organization
Supervisor	Health Information Management Dept., Hamad General Hospital
Assistant Director	Health Information Management Dept., Hamad General Hospital
Supervisor	Health Information Management Dept., Al-Khor Hospital
Medical Coder	Health Info. Manage. Dept., Al- Khor Hospital
Clinical Document Specialist	Health Information Management Dept., Al-Khor Hospital


The researcher conducted open-ended questions interviews with the above healthcare providers, which helped in directing the focus of the research. The meetings provided a good opportunity to discover existing system, to show the research findings regarding current EPR system at HMC.
Qualitative Research Method
Qualitative research method was chosen for the following reasons:
Researcher collected data in the field (HMC hospitals) where the researcher experienced the problem under study (Creswell 183).
Researcher collected data by herself through examining current PR system, observing healthcare professional behaviors and interviewing healthcare providers (Creswell 183).
Researcher collected different forms of data interviews, observations and literature review (Creswell 183).
Murphy et al. point out that qualitative research give meanings to human activities such as activities to save and retrieve important data. Researcher chose qualitative research to give meanings to healthcare professionals activities done to save and retrieve patient information saved in patient record system, and not the researcher own meanings to their activities.
According to Myers qualitative research check for assumptions made by human mind, so the researcher used qualitative research to understand EPR in HMC and what assumptions made by human mind in order to develop EPR in HMC into its present form. 
The researcher’s role was as primary data collection instrument. Locke, Spirduso and Silverman highlight that it is important to identify personal values, assumptions and biases in order for researcher’s contribution to be useful rather than harmful. The researcher has no experience in working with patient records but had experience with information management field. The motivation of this researcher was built on researcher knowledge experience in databases and familiarity with medical terms as the researcher has previous studies in that field and being in Qatar enabled researcher to have access to HMC hospitals. Due to researcher experience in information sciences, some biases might exist in the research, as, the researcher concentrated on information management from information specialist’s point view not from a database engineer’s or healthcare professional’s point of view. These biases may shape the way researcher view, understand and interpret the collected data.
Data was collected from June 2014 through August 2014, and it included 5 interviews, 45 minute each. In addition interviewed healthcare providers agreed to give their impressions of EPR system, thoughts and feelings towards new patient record system. To assist data collection, researcher use a field log, included detailed record of researcher’s observations and thoughts during visiting HMC different hospitals.
Data collection and data analysis was done simultaneously. Data was organized according to categories and chronologically then the data was reviewed and coded. Taped interviews were transcribed literally using oTranscribe (A free web app). Finally data analysis was done by the author and literature review was organized by the help of Zotero.
Ensuring data verification the following strategies was done:
Triangulation of data, as data was collected through interviews, observations and literature analysis;
Repeated observation at the research site (HMC hospitals) was occurred over a month period;
Using rich description, as detailed description of current EPR in HMC hospitals was provided to make the results more realistic and richer;
Clarification of researcher bias, researcher bias was articulated earlier in this research.
To ensure reliability the researcher firstly provided background of the EPR, the research problem, research question and aims and objectives of the research. Secondly the researcher made triangulation of data collection and analysis. Finally, data collection and analysis methods were mentioned in order to provide a clear image of the methods used.
Findings and results will be presented in a narrative form rather than scientific report as the researcher tends to observe and records some behavior along with interviewing healthcare providers which make this research a naturalistic study. Also this way of representing results was suggested by Miles and Huberman whom suggest that narrative text has been the popular form of display qualitative data. The researcher will use thick description as a motive to draw a holistic picture of the current EPR system in HMC.
1.6 Overview of the structure of the Thesis 
The dissertations structured as follows: 
Chapter 1: The Introduction
Chapter 2: This chapter presents an overview of relevant published literature about Electronic Patient Record (EPR).
Chapter 3: This chapter summarizes the status of EPR in Hamad Medical Corporation in Qatar. 
Chapter 4: This chapter presents the solution to some barriers and the suggested improvements to current EPR system in HMC.
Chapter 5: This chapter presents the overall recommendation and future work.
Chapter 2: Literature Review
Introduction 
The objectives of this literature review are to introduce published literature about Electronic Patient Record (EPR), explore deficiency of EPR, the effect of standardization in healthcare field, methods of implementation and sharing EPRs. Also, this chapter highlights the history of medical records and some important facts such as: the size of the role of technology used in preserving medical records. Finally this chapter tries to understand the use of Information Systems (IS) in the healthcare field.
2.1.1 Patient Record Definitions 
In this chapter some terms are introduced related to the patient’s healthcare data such as Electronic Health Records (EHR), Electronic Patient Records (EPR) and Electronic Medical Records (EMR). Definition of each term will be explored in the next few lines.
There is no one internationally definition of Electronic Health Records (EHR) or Electronic Patient Records (EPR). However, Mogli defines patient medical record is a report written about patient medical condition in a certain order, contain patient medical history, radiology findings, treatments, surgical history of the patient. It should contain enough information to give reason for the diagnosis, treatment and investigations. “In other words, the medical record answers questions: What, Where, When, Who, How and Why”. Also, EPR can be defined as Person-specific information in provincial and territorial administrative systems should (in the context of effective privacy legislation and stringent security safeguards) provide a basis for creating the information resources for accountability and continuous feedback on factors affecting the health. EPR can be defined as an essential tool for collecting and integrating medical information in order to improve clinical decision-making. Also, Hassey, Gerrett and Wilson describe that EPR is based on “Record is based on an individual and is a contemporaneous list of entries about that person’s health. Record entries in computerized general practice systems generally consist of a mixture of text and Read codes. Together these form the narrative structure and content of the electronic patient record.” (1401), while Nøhr et al. set a functions for EPR which are to improve decision making, and benefit the economic. Also one of EPR function is to meeting new patient demands (Ueckert et al.). 
While EHR can be defined as a longitudinal collection of personal health information of a single individual, entered or accepted by healthcare providers, and stored electronically. The record may be made available at any time to providers, who have been authorized by the individual, as a tool in the provision of healthcare services. The individual has access the record and can request changes to its content. Again, ISO/TS listed top-definition of EHR as “A repository of information regarding the health of a subject of care, in computer processable form.” Dahle and Callahan define Electronic Medical Record as “solely an electronic representation of data that makes up a medical record” (406). 
Other definitions of EPR and EHR by Department of Health in UK are as follows: EPR is “the record of the periodic care provided mainly by one institution. Typically this will relate to the healthcare provided to a patient by an acute hospital. EPRs may also be held by other healthcare providers, for example, specialist units or mental health NHS Trusts”. While the EHR as “Electronic Health Record (EHR) is used to describe the concept of a longitudinal record of patient’s health and healthcare, from cradle to grave. It combines both the information about patient contacts with primary healthcare as well as subsets of information associated with the outcomes of periodic care held in the EPRs.”


History of Patient Records
Patient record derives its importance from the information stored in it. This information is considered fundamental to physicians, administrators and researchers. Physicians need this information for better diagnoses and treat patients, while administrators use it to better plan and monitor resources, and researchers use it in preventive medicine and therapeutic medicine.
Before reviewing literature about medical record as recently known, it is important to navigate the history of medical record. The beginning of medical record will be discussed in the next few lines. Al-Awqati states that historically medical record was done for educational purposes. For examples, in ancient Egypt, around 1600BC, educational medical record was found on papyrus. In 8th century the well-known Islamic physician, Muhammad Ibn Zakariyah al-Razi recorded medical information also for educational purposes too. Reiser adds that medical record was also popular in the West. For example “Hippocrates”, the well-known ancient Greek physician, had formed a medical school which called “the Hippocratic School” which flourished in the 15th century BC and had great impact in medical record but still for educational purposes (902). 
It is also important to know the growth of medical record overtime, which will be discussed in the next few lines. Reiser points out that the growth of natural science started in the 17th century that leaded to the growth of human anatomy that is based on practical dissection rather than theoretical approaches. This leaded to the increase of application of medicine which enriched medical record and medical data (902). González-Crussi also supports that in his book A Short History of Medicine. 
The growth of medical record overtime continues and it is clear that up to the 17th century medical record was meant for educational purposes. National Library of Medicine in US explores the development of medical record to the current form. In the 18th century, some Western Europe physicians transcribed patient and medical data in case books this practice was brought to the US by a well-known American physician Benjamin Rush. Benjamin Rush who was trained in Edinburgh, got influenced by western Europe physicians practice of keeping data in case books, so he kept record of his practice of bleeding and removal cases in case book. 
In 1791 the New York Hospital established and was the first to keep patient records in 1793. The medical records in that time were very simple consisting of few lines with information regarding admission and discharge from hospital. The development of the clinical records happened in the hospitals dedicated for teaching purposes (US. National Library of Medicine).
About 1898 the patient record took a different path, it was no longer an abstract or physician note, it became a paper record at the patient’s bed and officially used as a hospital patient record. Engle reports that the preserved data included “the history of the disease—the causes producing it—the remedies employed—and the result of the case”  (Engle; Gillum; Siegler).
Patient Record in the 20th Century 
The next lines explore the improve improvement in medical record in 20th century. A rapid improvement in medical record was experienced after the World War II, Gonzales-Crussi signifies that medical record became a new important academic field because citing the phrase “medical records” in scholar titles increased from 41 time in 1949 to 414 time in 2009 (qtd. in Gillum). In the early 20th century, New York Hospital began a new procedure by copying some of the physicians’ case reports into volumes for the purpose of saving them in the library (US. National Library of Medicine). In Europe the development of medical record is different than United States because the role of the government was more prominent and clearer in Europe which presented in health insurance system that was available for the citizens. For example, in 1911 at United Kingdom the “National Insurance Act” made a mandatory insurance for workers and medical record was mandatory kept in a kind of standard format (Tait 702). Unfortunately, there is not published literature about the history of EPR in Middle East.
By the increase on the concentration on patient record, sharing them became healthcare professionals’ demand. The need of sharing patients’ data between hospitals is highlighted by Taylor and the need of locating each patient record in a significant place or folder in order to be shared between hospitals. But sharing patient data needs standards which are addressed by the Royal College in London, Health Informatics Unit. The unit put twelve standards which are known as Medical Record Keeping Standards in order to ensure patient safety while supporting best medical practice. (“Generic Medical Record Keeping Standards”). 
Major inquiries arise around medical records which are: what to keep and how to keep it. Payne and Browen addressed these questions in 1974, and their biggest concern was data management. So, they emphasized using computer to manage the medical data and provide some services to physicians and patients, for example automatically remind physicians and hospital staff if a patient missed more than appointment. They also pointed out the use of magnetic tape filing for keeping medical data and to ease its use. Benjamin adds that some data management problems were created as results of manually keeping the records in paper-based medical record system, such as keeping useless information, the information were kept for endless time and some stored medical records had no dates on it. 
The same problems and more are spotted by the American Hospital Association (AHA) in 1972. AHA highlights that manually keeping medical data on paper-based record system hinder sharing as patient records can be used in one place only and it costs time and effort to access these records. Also, losing patient records and misplacing happen as results of manually keeping. 


Electronic Patient Record and its Deficiency
In order to solve the above mentioned problems many countries have implemented the EPR systems in their hospitals as the solution. It is important to highlight here that the published literature review reveals the lack of studies about EPR in the Gulf region specially Qatar.
 Hoher et al. suggest a model to collect the documents together online by scanning the paper patient record and they assume that this method will save money. Berg, Marc points out that the importance of electronic patient record is in the way it can facilitate vital activity in healthcare system by providing tools that would cooperate between healthcare professionals. He also refers the lack of success of electronic patient record to the technological aspects, or, politics of technology and the lack of paying attention to the legal and organizational environment. 
Benson argues that security; patient record architecture, terminology and interoperability standards are the reasons behind not implementing electronic patient record on a big scale. Benson explains that healthcare professionals do not use computers in their daily work, which hinders applying electronic patient record in hospitals. He adds that it is the responsibility of government to supply motivations to healthcare professionals in order to successfully using computerized health services in hospitals. Walsh opposes this stating that that EPR is not always better than paper-based record systems. He points out that “reading from a computer screen is up to 40% slower than reading from printed text”. He also highlights that health data is different than other types of data, for example entering health data requires more work from clinicians than other data. Though he is not against using computers in healthcare systems, he argues that attention must be paid when choosing computer systems. He states that it is up to health professional to either use paper-based record or electronic patient record. Similar issues were addressed by Lærum, Ellingsen and Faxvaag whom report that using EPRs in hospitals is not popular among physicians. Ellingsen and Monteiro argue that the electronic patient record improvement is very small compared to what is considered to be the essential objectives in hospitals. 
However it is believed that EPR contributes some improvements to professional work. A comparison study between hospitals in Norway was done to find out the effect of using EPRs in hospitals and on physicians. Questionnaire was distributed, and answers of the questionnaire showed that EPRs is not popular in Norwegian hospitals because healthcare professionals find it hard and waste of time to use computer and they tend to write on paper (Lærum, Ellingsen, and Faxvaag). 
At present, it is important to use the wealth of knowledge in data management and computer science to design a sharp EPR system that could improve the program of a cost effective and efficient healthcare system.
Patient Records and Standardization 
Lack of standardization of the organization and representation of electronic patient records and the standards for exchange, is revealed by published literature. Bossen assumes that standardization of electronic healthcare records will positively affect the content of these records as well as exchanging them, will improve the link between health providers sharing EPR, and support everyone in healthcare industry. In order to examine the effectiveness of standardized EPR, Bossen evaluated testing prototype of electronic healthcare records which was based on standards developed by the National Board of Health in Denmark- called BEHR. Bossen found that the prototype is not complete and need enhancements to cover more aspects in order to set standardization for electronic healthcare record.
Eichelberg et al. signify the importance of Integrating Healthcare Enterprise (IHE) and the need of standard profile for sharing document across medical enterprise. Ingenerf, et al. explain that standardized medical vocabulary is important in healthcare system architecture. They also point out that the variety of medical vocabularies is the main challenge that faces integrating different applications in medical field. Therefore, terminological standardization must be created to improve the integration in heterogeneous healthcare systems. Akram et al. argue that there are the lack of provision of EHR database elements hinder sharing between different healthcare organizations. Finally, international standards for EPR that allow records to be shared among healthcare organizations is an international desire.
Sharing Electronic Patient Record
Sharing EPR information is considered one of the fundamental elements of the healthcare system. Walker et al. assume that a benefit of $77.8 billion dollars yearly could be gained by the full implementation of EPR system to allow coordination between health providers such as: hospitals and medical group practices, with independent laboratories, radiology centers, pharmacies, and other providers in United States. Additionally, Berg, Marc and Walker et al. point out the need for coordination processes in complex healthcare system. 
Schneider and Wagner argue that using EPR will allow sharing medical data that will also help clinicians to overcome place and time barriers, as well as, supplying clinicians with relevant information. Their mainly concern is the design of EPR which should allow exchange of data. In order to test their concerns, they made a study on twelve French hospitals testing the use of information technology in them. The result showed that three hospitals used technology in cooperative manner. Then they tested sharing records in these hospitals, the result showed that two hospitals shared record successfully.
Schiff et al. indicate that increasing patient safety and quality of healthcare can be done by sharing electronic patient record between different hospitals systems rapidly and efficiently. They claim that integration of clinical labs and pharmaceutical data with the EPR system in hospitals will manage clinical care for inpatients and outpatients needs effectively. 
Unfortunately, fully sharing of EPR between different hospitals is not possible. According to Department of Health document in United Kingdom claimed that it is not possible for clinicians working on one “instance” to access Detailed Care Records (DCR) made by clinicians in another “instance” record because of technical boundaries (E-Health Insider). In the absence of sharing EPR, healthcare providers are using what is known as web messaging system to ease the communication between them. Liederman and Morefield point out the using of web messaging as a mean to satisfy patient demands of accessing records electronically while satisfy their providers. The results of using web messaging systems indicate an improvement in the communication between healthcare providers and patients.
However, Wagner contends that sharing EPR among different healthcare locations is a must, especially for the patients with chronic diseases who regularly have to visit different healthcare providers in different locations and these healthcare providers must have coordination among each other. Wagner indicates that skilled healthcare providers -clinically and in management- have a good effect on patients especially patients with chronic diseases. Unfortunately, the existence of such skilled providers is not enough in the absence of sharing EPR among different healthcare institutions. 
Hartswood et al. notice variance between the actual role of EPR and what is happing in everyday healthcare services. They suppose that in order to best benefit of EPR system, a vision of the tasks and the supporting role of EPR must be clear. The tasks and the supporting role of EPR were explained by Berg and Bowker. They summarize it as the interaction and coordination between different locations.
Halamka et al. highlight sharing of EPR in US. They show that US healthcare systems was built on uncoordinated approach that lead to the isolations of patient information between different locations, hence, this caused a waste of time and a lot of medical errors. They also point out that the sharing of healthcare systems in US done with some restrictions due to the geographical area limitation. Grimson et al. suggest sharing the EPR over the internet. By sharing EPR via internet the healthcare providers can view heterogeneously EPR created electronically at any time. Jung, Andersen and Grimson present approach called “SynExML as a Vehicle for EPR” that later was developed by European Union to enable sharing EPR between heterogeneous systems.
2.6 Implementation of Electronic Patient Record 
Smith highlights the importance of setting clear objectives by the users in order to effectively fully implement EPR. Ginneken agrees that involving users in planning and implementation will enhance EPR. However, Smith points out the important procedures before implementing EPR and he concludes that these procedures, which are choosing specific vendor and signing contract, is not the solution for effective EPR system. The solution is in the effectiveness of the work flow to hardware and software with well training the staff. Smith predicts that the best way to implement EPR system happens when with precise goals in mind and a project implementation team in place.
One of the approaches recommended when implementing EPR is the iterative approach, which means that any changes in technology lead to a change in the development process. So the development happens at the same time with the analysis, design, implementation and evaluation stages. Berg, M. presents this approach as the recommended approach.
There are some important factors that must be taken in consideration during the design and before implementation process, such as experimentation and political negotiation. These factors are revealed by Berg and Toussaint. They suggest before implementation EPR, an exhaustive model of work processes and data flows must be conducted. They also suggest that EPR design and modeling is used as a tool to set up Information and Communication Technological improvements in the organizational progress. 
Andersen et al. signify that implementation of EPR is facing difficulties more than what was expected. Some difficulties are spotted by Holbrook et al. whom indicate that main difficulties would be the absence of perfect system and that EPR marketplace is evolving constantly (49). Orfanidis et al. point out at technological difficulties as another barrier in EPR implementation. They indicate that technological problems may happen because of the use of images, sounds and videos, which increase the size of the EPR database.
Sustaining EPRs represent implementation difficulty. Orfanidis et al. discus sustaining EPRs nationally and internationally and they put emphasize on the Greek national EHR system. Orfanidis et al. divide their efforts into three parts: a) recognition, b) maintenance of EPRs, c) guaranteeing data quality for EPRs. Their conclusion was that all difficulties facing EPR systems are due to existing technological restrictions.
Other difficulties caused by a gap between the physicians’ daily work and the EPR’s view of the standard of healthcare systems, which is point out by Hartswood et al. They refer the presence of this gap to lack of understanding of clinician work and the unrealistic assumptions by the systems designers (241). To overcome this problem is by include clinicians in the design and implementation of the system, after overcoming this difficulty implementing the Electronic Patient Record would be a success in any healthcare institutions (Walsh; Darbyshire 24).
2.7 Healthcare Information Systems
Previously discussed electronic health record origin, development and implementations. In the next few lines will discuss the obstacles caused by Information Systems which hinder the implementation of electronic health record in some health institutions and the electronic health record impact on society.
Social Construction of Technology (SCOT) is branch of science that is concerned with the impact of technology on society (both healthcare providers and patients), including, the impact of electronic health record technology on society. SCOT studies the acceptance of technological inventions by the society which is affected by social interaction with technology. And technology is demanding ways of analysis different than other fields to success (Williams and Edge). Also, it is concerned with explaining why certain technology (including health electronic record) flourishes in society at certain times while other vanishes (Pinch and Bijker). According to SCOT, the use and design of technology is a matter of different interpretation, this is because differences in local aspirations, concerns, action and other aspects as changing gender relationships (Avgerou; Bijker). This indicates that peoples’ interpretation of electronic patient record differ from one person to another and from one society to another. Additionally, societies accept technology within different ranges, these ranges is determined by the concept of closure and stabilization. Closure is achieved when all groups’ problems have been addressed and groups achieve consensus on a particular design while stabilization happens when technology stop requiring high specifications (Klein and Klienman 39). This highlights that for stabilization to happen in healthcare society including healthcare professionals and patients: electronic health record technology must stop requiring high specifications, problems in EPR must be addressed and healthcare professionals agree on a particular design.
2.8 Conclusion
What is concluded from navigating the history of medical record is that technology must play a much more significant role in preserving medical records, at the same time, it must not compromise the doctor-patient relationship, which is represented in face-to-face conversation between doctor and patient. 
Using technology in medical field made high expectations from physicians, nurses and patients. In order for technology to achieve these expectations, physicians must be involved in designing phase.
The medical data is huge and it is growing every minute in a way that makes it different from all other types of data. Using this data with the help of technology will benefit medical science. Also this patient centered information form a crucial criteria when selecting medical record system. Sharing this information has been always a demand for all healthcare professionals, so any system must provide efficient sharing of EPR.
Finally, the technology that is dealing with medical data should become a tool for learning, evaluation, teaching and improving health status in the country. The lack of studies about using healthcare data stored in EPR and studies explaining the way to extract this data to generate statistics in order to be used to measure the performance of hospitals in a daily or monthly basis, formed the motivation behind this research. Because of this gap in published literature, this research work is significant as this research explain how data in EPR can be organized effectively to generate accurate statistics and information that would help in medical planning and monitoring hospitals performance which is not found in published literature.


Chapter 3: Hamad Medical Corporation Hospitals as Case Study
Introduction 
The chapter provides an overview of the Qatar healthcare system, in particular, Hamad Medical Corporation as a part of Qatar healthcare system.
3.2 Healthcare System in Qatar 
The healthcare system in Qatar will be discussed in the next few lines to form a complete picture of health services in Qatar. The healthcare system in Qatar is complex as it is comprised of: National Health Insurance Company (NHIC); Hamad Medical Corporation (HMC), which consists of five hospitals; Primary Health Care Corporation (PHCC), which consist of 23 Health Centers, three Private Hospitals; Aspetar hospital specialized in injuries treatment and Sidra which is expected to open in 2015. It is clear that the healthcare system in Qatar is a mix of private and public funded systems, and consists of primary, secondary and tertiary care organizations (“Qatar Health System”). The complexity of the system leads to the need for electronic patient records that would improve patient’s experience with healthcare system, health care professionals’ work and save costs. This chapter looks at the benefits of current employed electronic record system at Hamad Medical Corporation as a case study, also aims to provide practical ways that lead to improve the current system.
3.3 Hamad Medical Corporation (HMC)
HMC was chosen to be the case study because of its importance in the healthcare system in Qatar. The next few lines will explore HMC history, structure and its influence in society in order to imagine the size of this institution in Qatar. 
HMC is a non-profit healthcare provider in Qatar. HMC was established in 1979 by Emiri decree and it aims to provide cost-efficient healthcare services that includes a cost-efficient patient record system. HMC set a policy to ensure improvement of patient record system continually. In 2005 El-Emir formed the Supreme Council of Health (SCH) as a revolutionary movement in healthcare systems in Qatar. Also, patient records experienced an evolutionary transition from paper to electronic in order to improve the patient experience with healthcare providers. (“Health Information Management”)
Hamad Medical Corporation HMC is responsible for five hospitals also service of ambulance. The hospitals are: Rumailah Hospital, Hamad General Hospital, Women’s Hospital and Al Amal Hospital, these four hospitals are located in same district to form what is known as Hamad Medical City (fig. 3.2). The fifth hospital is Al Khor Hospital in Al-Khor city. HMC plays a significant role in Qatar society. However, HMC experience significant number of visits (Fig. 3.1). Fig. 3.1 illustrates number of patients’ visits to HMC different hospitals. (Hamad Medical Corporation).
3.3.1 Hamad Medical Corporation profile
Briefly the profile of HMC hospitals will be discussed in order to estimate the number of patients visiting these hospitals and amount of services provided by each hospital. As well as highlighting the importance of electronic patient record departments in each hospitals. Also shedding light on sharing patient records among hospitals in order to ensure full integration among these hospitals (Hamad Medical Corporation).





Hamad General Hospital (HGH)
HGH has total 603 specialty bed divided as follows: 443 beds for Adults, their occupancy percentage is 96%; 102 beds for Pediatrics, occupancy percentage of them is 88%; and 58 bed for Critical Care, occupancy percentage of them is 88%. HGH is noted for its services which are; Trauma, Emergency Medicine, Critical Care, Specialized Surgery, Specialized Medicine, Pediatrics, Laboratory Medicine, Diagnostic Imaging, and Adult Rehabilitation (Hamad Medical Corporation).
3.3.1.2 Rumailah Hospital
Rumailah Hospital has variety of services as Adult Rehabilitation, Children’s Rehabilitation, Burns and Plastics, Dentistry, General Surgery, General Medicine, Mental Health and Residential Care. Total beds in Rumailah Hospital are 544 beds and are considered the second big hospital in HMC. These beds are divided as follows: Adults 92 bed with 67% occupancy for acute cases and 222 bed for long term cases their occupancy percentage reaches 95%; Pediatrics 28 bed with 81% occupancy; 3 beds for High Dependency cases with 81% occupancy; cases requires skilled nursing 80 bed with 97% occupancy; beds for Interim Care 12 bed with 60% occupancy; 16 bed reserved for Qatar Foundation with 100% occupancy; and 91 bed for Mental Health with 87% occupancy (Hamad Medical Corporation).
3.3.1.3 Women’s Hospital
Services offered by Women’s Hospital are dedicated to Obstetrics, Gynecology, Neonatal Care, Emergency Care and Newborn Screening services. Total beds 319 with more than 85% occupancy (Hamad Medical Corporation).
3.3.1.4 Al Khor Hospital
This hospital is not located in the Hamad Medical City in Al Sadd but is located in Al-Khor district in Qatar. Al Khor Hospital offers General Medicine, General Surgery, Emergency Medicine, Critical Care, Pediatrics, Obstetrics and Neonatal Care. Total beds 115 with more than 57% occupancy (Hamad Medical Corporation).
3.3.1.5 Al Amal Hospital
Al-Amal Hospital is considered the cancer cure center in Qatar. Total beds 46 with 93% occupancy. Services offered in Al-Amal Hospital are Medical Oncology, Clinical Oncology, Chemotherapy, Pain Management and Specialist Laboratory.
These huge amount of services and beds make HMC the most important hospitals in Qatar and touch civilians in Qatar (Hamad Medical Corporation).
3.3.2 Medical Records/Health Information Management Department
The following few lines will explore Medical Records Departments in HMC to give accurate picture of benefits of current EPR system in HMC. Due to the lack of published literature about HMC, the information in this chapter is based on researcher’s visits to different hospitals and interviews at Medical Record Departments.
A medical record usually holds detailed medical care information about a patient from the first day he/she enters the hospital. The Medical Records/Health Information Management Department in HMC is in charge of control the processing, completion, and retrieving data from patient records when necessary. Collaboration and sharing is the approach used by the department to improve patient care which was one of the points highlighted by Taylor because of its importance, while maintaining patient privacy (Taylor). By ensuring strict privacy and complete usability of patient records, the department are avoiding the reason hindering implementing  EPR highlighted by Benson (Hamad General Hospital). 
The current system that was originated in the 80s and updated in 2007. It is a paper-based medical record system with electronic patient records side by side. In the current EPR system, physicians cannot edit the patient record, they only edit the paper patient record. Which means that physicians write diagnosis, required tests and prescript medications on the paper medical record, and few authorized administrative staff can edit the electronic patient record. This was the main reason for having double systems in HMC. According to Walsh EPR is not always better than paper-based record system, and Walsh’s approach is being used in HMC. So the current system at HMC hospitals is a dual system (paper based patient record and electronic patient record). Since the patient systems are dual, storing patient record is dual too. The electronic patient record is saved and stored electronically, while the paper patient record is scanned and stored in electronic form by specialized company, which is simulation to Johner et al. model who suggest a model to collect the electronic documents together online by scanning patient record. While the physical paper record is stored manually in storages.
From regular visiting to HMC hospitals, researcher noticed that everyday Medical Records Department receives hundreds of requests for patient records from different clinics. The department takes the requests and prepares it for each clinic before the clinics start, more than 60% from the clinics requests are being met every day. Emergency Room (ER) requests are received by the fax machine in the Department, the ER send requests with the patient name and number. Once the request is received the Medical Records Department’s staff process the request immediately and prepare the requested patient paper record, meanwhile the electronic patient record is being accessed by authorized staff electronically.
Medical Record Department services are:
Record processing & completion
New permanent medical record are filled for every new patient (including new born children), each patient are assigned a unique number, this number is prepared and printed out on the patient Health Card. Reports, X-rays, tests results, prescript medication … etc. are collected in one folder for each patient, kept, stored for future use. 
Record abstracting, analysis and coding
Coding is based on International Classification of Diseases (ICD-10) 
Transcription of dictation for medical records
Transcriptions is meant for providing medical data about some cases, for example, patient who needed to be treated abroad, medical reports … etc. 
Correspondence
Record retrieval, filing and storage.
There are thousands of EPR applications available in the market and a lot of vendors competing in this field. Lack of standardization makes every application differ from vendor to another. This problem is outlined McGlynn et al. whom state that Electronic medical records have no standard format or procedures for recording patient information. In most of the cases, medical records cannot be used for analytic purposes because of the lack of uniformity. HMC is currently using a system named Medicom and it is moving to Cerner new software in 2016. The key difference between the two systems is the ability of adding data to the electronic record by healthcare professionals, so in Cerner physicians can add their diagnosis and prescript medications to EPR. When Cerner is implemented in all hospitals that will lead to the disappearance of paper-based medical record in HMC.


Chapter 4: Discussion and Conclusion
Discussion Overview
Current Electronic Patient Record system in Hamad Medical Corporation had been changed dramatically in the past few years, from paper based record system to dual system and finally to fully electronic patient system in some hospitals. These changes occurred between the years 2007 and 2014 (Abdullah), which resulted in scale of problems and realities that might arise when new system (fully electronic) is applied in all hospitals.
This chapter identifies six most popular problems in electronic patient record system based on published literature. The study will investigate the existence of these problems in HMC hospitals. In addition, the author suggests solutions to the problems found in HMC patient record systems. These findings are based on researcher’s observations during hospitals visits, analyzing relative literature and interviews conducted with health providers from June until August 2014 in HMC hospitals. 
4.2 Problems detected in EPR
Popular challenges that faces EPR systems are identified as follows: 
4.2.1 Interoperability
One of the limitations in the use of clinical data is interoperability. McGlynn et al. suggests that several issues related to clinical data affect their use, each patient can have multiple medical records that are the result of care provided by different doctors and hospitals. A new medical record is established each time the patient seeks care from different provider, which implies that to understand fully the care a patient received for a medical condition you would need to obtain all of that patient’s medical records.

4.2.2 Accountability
Accountability is defined according to National Committee on Health Statistics in US as:
“The ability to identify the healthcare party (e.g., individuals, organizations, business units) or agent (e.g., software, device, instrument, monitor) that is responsible for data origination, amendment, verification, translation, stewardship, access and use, disclosure, and transmission and receipt.  Information on who, what, when, where, how, under what conditions, and in what context is often incompletely captured. A unique provider identifier, as provided for under the Administrative Simplification provisions of Health Insurance Portability and Accountability Act (HIPAA), assigned to each caregiver is essential for ensuring complete capture of information about who had access to what data. Finally, evidence of accountability often does not persist throughout the life of the data, making auditing difficult or impossible.”
4.2.3 Data Integrity
National Committee on Health Statistics in US identified a data integrity problem in as:
“Lack of ability to uniquely identify patients: Because each provider creates its own patient medical record identifier system and maintains its own patient index, patients have different identifiers at each location where they have received care. This makes it very difficult to seamlessly exchange data, when authorized, among providers. Additionally, different systems that assign identifiers often collect different information, making it difficult to map identifiers. For instance, one system may capture patient name, address, telephone number, and date of birth. Another system may substitute social security number for date of birth, not capture telephone number but capture mother's maiden name. Sometimes patients get assigned several different numbers by one provider, such as when a patient has a name change or uses a nickname on a subsequent visit. This can result in loss of data for patient care purposes. It constrains the ability to exchange data across providers for continuity of care. As providers merge and consolidate, there is a huge cost to merging patient indexes into an enterprise-wide master patient index.”
4.2.4 Standardized Medical Terminologies
Medical language worldwide is based on a common Latin-Greek root, but ‘the lack of coverage of the medical lexical knowledge’ is the obstacle hindering healthcare professionals to find single accepted international thesaurus (Lovis et al.). However there is some accepted medical terminology, such as International Classification of Diseases (ICD), Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) and National Drug Code (NDC).
4.2.5 Privacy, Confidentiality, and Security
	Protecting patient security is always a concern to security specialist and healthcare professional, that’s why a number of official principles to protect patient data especially person-identifiable information. These principles based somehow on healthcare services goals which are good quality of health provision –including researchers’ requirements- and patient rights. One of the important declarations in protecting patient data is World Medical Association Declaration of HELSINKI 1964-2000 by World Medical Association WMA. The WMA policy consists of 37 principles to give guidance to healthcare professionals in medical research including research on identifiable human material or identifiable data. Additionally, every precaution must be taken to respect the privacy and confidentiality of the patient’s information (World Medical Association). Patient concerns about their privacy increases when data is in electronic form because this may compromise their privacy by reducing the confidentiality of the information. That’s why electronic security tools must be used to protect the privacy of patient’s data. 
4.2.6 Data Management and Retrieval
The electronic patient record database should be created a secure way to allow authorized individuals to access medical records and the information contained within the record is secure.
4.3 Interviews and Visits Results
The purpose of this section is to present findings from interviews undertaken during the period from June to August 2014 along with researcher’s observations. This chapter also presents an analysis of the qualitative data from interviews conducted by the author within HMC hospital staff in Qatar. The main aim of the interviews was to understand the process of managing patient records at HMC to establish a richer description of the problem situation. The five respondents were selected carefully from staff and managers to be able to give the researcher a complete view of health data management in HMC. Interviews were conducted at times agreed with the respondents. Organizing the time for interviews was difficult, and on some occasions emergencies made the respondents unavailable to complete the interview.
The results below are from visits and interviews done in Hamad General Hospital and al-Khor Hospital and are presented in accordance with the six problems mentioned previously.
4.3.1 Interoperability in HMC
Cases of patients with multiple medical records happen when the EPR is not effectively shared among different hospitals which lead to create a new patient record for the same patient each time patient visit a hospital. Supervisor in Medical Record Department in HMC acknowledges that Medical Record Department suffers from that problem “the hospital may have one patient with two patient records” Supervisor, al-Khor Hospital. She added 
“It is normal for a patient to have multiple paper-based patient records but he or she must have a unique patient number. In cases of duplicate patient number it is to Medical Record Department to decide which number would be used for that patient”
To better understand this point, it should be clear to the reader that the HMC consists of five different hospitals, each hospital has its own Medical Record Department. Each Medical Record Department is working with both systems the paper-based patient record and the electronic patient record except al-Khor Hospital which has moved completely from paper-based medical record system to electronic patient record system. The electronic patient record system is shared among all hospitals, each patient must have one electronic patient record that is shared among all hospitals and he/she might have multiple paper-based records in each hospital. However, patient must not been assigned more than one patient number. In some cases patient may have two or more EPR each one is assigned with different numbers. If any case like that is discovered by administrator, it must be directed to supervisor in Medical Record Department to merge these record and unify the patient number.
4.3.2 Accountability in HMC
In HMC, particularly, in the hospitals where both systems of patient record (paper-based and electronic) are still being used, it is not possible to identify the healthcare party who add, modify or delete data from patient record. However, in the new system which has been applied in Al-Khor Hospital -and expected to be applied to all HMC hospital next year- healthcare professional can identify who created, edited or deleted data in the medical record. This point is highlighted by Clinical Document Specialist (CDS) at Al-Khor Hospital, she said:
 “The new system in Al-Khor Hospital can track everything, who created the record who modified it. That is good because in case of not completed medical record, we can go to the concerned clinician and ask him to complete it” Clinical Document Specialist (CDS) at Al-Khor Hospital.
In other words, the medical record system should allow the identification of the organization or individuals creating the record or editing it. Also the system should identify multiple editing of any record and each healthcare professional or agency should be assigned a unique code to ensure the data accountability. Also the system can validate the codes according to the authorization and password of each healthcare professional and generates these codes automatically while the record is created or modified. HMC hospitals still facing lack of accountability especially in paper-based patient record.
4.3.3 Data Integrity in HMC
One of the major problems in health care systems is the lack of ability to uniquely identify patients. Some patients have two or three different patient record with different names and numbers. HMC hospitals suffers same problem as supervisor at HGH highlights “In cases of duplicate patient records it is to Medical Record Department to decide which record would be used for that patient. Usually, we choose the record with more data in it to be the patient record for that patient” Supervisor at HGH. From interviews and investigations researcher found that HMC could not solve this problem entirely, because the patient record system is depending on the patient number assigned by the hospital as a unique identifier for each patient. And the hospital may assign two numbers for the same patient. Unfortunately there is no statistic for the number of duplicate record for the same patient, and there is no tool which can be used to detect any duplication.
4.3.4 Standardized Medical Terminologies in HMC
From visiting HMC hospitals, researcher found that physicians at HMC record diagnosis, therapy, medications and any required tests on the paper patient record except at Al-Khor hospital where they record this information on EPR. After that patient record is reviewed by clinical document specialist CDS who mainly look for any uncompleted patient record to return it to the responsible clinician to complete it. Last step, the record goes to Health Coder who will assign the suitable ICD-10 code according to written diagnosis. CDS in Al-Khor Hospital highlights that not all record is completed, she said: “We get a lot of un-completed patient record” and when asked about the presence misspelling in diagnosis, she answered “Yes, there is”. 
Currently, there is no single standardized medical terminology used in HMC. When healthcare advisor is asked about medical terminology used in HMC, he answers “All doctors in HMC are well educated and write down diagnosis in English” Medical Coder in Al-Khor Hospital. Not the expected answer but the researcher concluded that not enough attention is given to unify medical terminologies in HMC. It is expected that without single medical thesaurus, the database would be filled with unsorted, duplicated and unorganized information. On the other hand, if a single medical thesaurus for medical terminology is used, healthcare professionals would be able to get accurate results, compare data and collect accurate statistics from patient different cases.
4.3.5 Privacy, Confidentiality, and Security in HMC
	Patient concerns about their privacy increases when data is in electronic form as this may compromise their privacy by reducing the confidentiality of the information. In HMC supervisor in Health Information Department explains that “Only authorized people can access patient record including doctors and few administrators in Health Information Department” Supervisor in Health Information Department at Al-Khor Hospital. In order for the system to be trusted the system should allow viewing and editing of the records according to specific authorizations. Also the ability to hide and suppress some data elements according to authorizations. This will allow researchers to retrieve the medical data only for anonymous patients while masking their personal data.
4.3.6 Data Management and Retrieval in HMC
HMC Patients’ records enter into the database via a software suite. Healthcare professionals using Cerner software (the new software) will be able to record data through a form into the appropriately field but with no standard format so each time software is changed that would require a new training for healthcare professionals. Anyway, when healthcare professionals submit their edit, this data will be transferred and stored via internet to the database. In HMC the database ensure that only authorized individuals are able to access medical records and the information contained. By asking Supervisor at Al-Khor hospital about accessing patient record, she answered “I do access patient record, but not all administrators”. Researcher could not get more information if the records is secured with the approval of the patient or patient’s parents to enable specific people to retrieve data from it.
4.4 Proposed Enhancement to Current Patient Record in HMC
By drawing on points above, the author argues that problems facing EPR system in HMC Qatar can be solved by adding elements to current EPR (Table 1), these problems were discovered during visiting HMC hospitals and interviews with healthcare providers. Moreover, the findings and discussion of this case study can be interpreted and mapped to current EPR system to better manage it, and the elements that author suggests to be added to current EPR are:
Adding field to identify healthcare party who add, edit or delete data from EPR. Researcher suggests adding field in EPR that generate codes automatically while the record is in use that will increase accountability of data in EPR. During interview with CDS at Al-Khor Hospital “The new system in Al-Khor Hospital can track everything, which created the record that modified it. That is good because in case of not completed medical record, we can go to the concerned clinician and ask him to complete it”. This directed the researcher to the importance of identifying healthcare party in EPR in other hospitals as well.
Adding field for Qatari ID number in the record. During interview with medical advisor in Al-Khor hospital she said “it is normal for a patient to have multiple paper-based patient records but he must have a unique patient number. In cases of duplicate patient number it is to Medical Record Department to decide which number would be used for that patient”. The researcher suggests adding Qatari ID number in EPR as non-duplicated unique identifier, as other used identifiers proved to be duplicated before.
Adding Diagnosis field that enables physicians to choose the desired diagnosis from a drop down list based on (Table 4.3) which is created by the author. During interview in Al-Khor hospital, the CDS said “We get a lot of un-completed patient record” and when asked about the misspelling in diagnosis, she answered “Yes, there is”. Researcher recognizes the need of one single medical thesaurus to control medical terminology recorded by healthcare professionals in EPR, which would results in organized database that will enable government and researchers to get accurate results. Also researcher chooses the ICD-10 thesaurus for two reasons. First reason, ICD-10 thesaurus is created by WHO which make it the most well-known thesaurus in medical field (“WHO | (ICD) Information Sheet”). Second reason, ICD-10 codes are currently used in HMC different hospitals. Finally, the researcher suggest connecting ICD-10 codes and the diagnosis terms based on ICD-10 thesaurus in one table (Table 4.3) and attach it to current EPR.
Researcher suggest adding prescript medication field that enables physicians to choose the prescript medication from a drop down list (Table 4.4). Visiting HMC hospitals researcher discovered that there is not medical thesaurus used to control prescript medication. So, the researcher suggests using the NDC thesaurus which would result in a well-organized database, and enable researchers to get accurate statistics about drug situation in HMC. The researcher chooses NDC thesaurus because it is considered as universal product identifier for drugs and is maintained by Food and Drug Administration (FDA) (Guo et al.)
Adding ICD-10 codes automatically. From visiting HMC different hospitals the researcher discovered that Medical Coder adds ICD-10 codes to inpatient records (patients who treated while admitted in hospital). The researcher suggests that the system automatically adds ICD-10 code when physicians choose the diagnosis form the diagnosis drop down menu, and to enable that, researcher suggests creating table of ICD codes along with Diagnosis terms (Table 4.3) and attach it to current EPR.
Adding National Drug Code automatically. Researcher suggested adding this code when the physicians choose the prescript medications from drop down menu by creating table of NDC along with NDC terms (Table 4.4). Researcher found that by adding NDC to EPR, accurate statistics of different drug consumption in HMC hospitals will be easily retrieved. Researcher used NDC because it can be used to unique medications identifier and it is widely used (Guo et al. 769).
4.4.1 Prototype of Proposed Enhancements
In this section the author tries to illustrate proposed enhancements in an achievable model. The next table illustrates the information Contained in a Medical Record (McGlynn, et al. 49) including HMC hospitals (Table 4.1):
Patient information	Patient name (Last, first, middle initial)
	Address (street, city, state, zip code)
	Gender
	Date of birth
	Race/ethnicity
Medical information	Diagnosis
	Stability or severity
	Medical history—description of the problem
	Medications prescribed
	Physical exam findings
	Laboratory results (e.g. blood test, urine tests)
	Diagnostic procedures and results (radiology and imaging tests, blood pressure)
	Treatments provided (medical surgical)
	Outcomes of or response to treatment (patient better, or worse)
	Follow-up care/plans
	Complications
Provider information	Physician name or initials
	Other provider name or initial


	The following table is author’s suggestions to be added to current EPR to overcome EPRs above mentioned problems. These suggested improvements based on author observations and published literature. The author gives nine proposed new field to be mapped to current EPR system at HMC. Also author gives the definition and justification for each field (Table 4.2).
Proposed Field Name 	Definition and Scope
Date and time of every transaction (Can be repeated)	To indicate the date and time of the every record transaction. To be recorded according to Representation of Dates and Times (ISO 8601). Justification: to increase data accountability in the record.
Healthcare Party as Source of Information 	Identifying the parties responsible for the content recorded in the medical record. Each healthcare professional or agency must be assigned a unique code. Justification: this will ensure the data accountability, also the system can validate the codes according to the authorization and password of each healthcare professional. It can also generate these codes automatically while the record is created or modified.
Qatari ID (Cannot be repeated)	To record the Qatari ID number. Justification: in order to maintain data integrity, Interoperability and to uniquely identify each patient.
ICD-10 (Can be repeated) 	Will be generated from suggested Table 4.3	To record the International Classification of Diseases number.  Justification: to enable retrieve ICD codes assigned to each record. This number will be added automatically, once the healthcare professional assign a diagnosis in Diagnosis field.
NDC (Can be repeated)	Will be generated from suggested Table 4.4	To include the National Drug Code that represents the medications prescribed to the patient. Justification: to enable retrieve NDC codes assigned to each record. This number will be added automatically, one the healthcare professional assign medications in the appropriate field.
Diagnosis (Can be repeated)	Will be generated from suggested Table 4.3	Diagnosis assigned to patient record. Justification: to enable retrieve Diagnosis assigned to each record. Also, to control the terminology used by healthcare professionals as they will choose the suitable diagnosis from a searchable drop-down list. The list will be extracted from Table 4.3. If the healthcare professional cannot find the diagnosis (in rare cases), he/she will choose ‘Other’ and a new field will appear. The healthcare professional can then transcribe the diagnosis but still will have to add diagnosis date. This record will be considered as incomplete record and no ICD-10 code will be assigned. This new diagnosis automatically will be added in new table, Clinical Document Specialists and ICD Coders will review these suggestions weekly. In case this diagnosis is already existed the CDS will send the responsible healthcare professional to change the diagnosis. In case of a new diagnosis only authorized CDS with Coders’ help will add this in the Diagnosis table so it will appear to healthcare professionals in the drop-down list next time.
Diagnosis Date 	To indicate the date and time of each diagnosis. To be recorded according to Representation of Dates and Times (ISO 8601). This date will be attached to each diagnosis field, after entering diagnosis the system will pop-up a window to assign date to the diagnosis. Justification: to increase data accountability in the record.
Prescript medications (Can be repeated)	Will be generated from suggested Table 4.4	Prescript medications assigned to patient record. Justification: To control medications’ terminologies, the healthcare professional will choose the suitable medications from a searchable drop-down list. The list will be extracted from Table 4.4. If the healthcare professional cannot find the medications (in rare cases), he/she will choose ‘Other’ and a new field will appear where he/she can add the new medication.
Prescript medications Date 	To indicate the date and time of each prescript medications. To be recorded according to Representation of Dates and Times (ISO 8601). This date will be attached to each prescript medication, after entering medications the system will pop-up a window to assign date to the diagnosis. Justification: to increase data accountability in the record.


One of the common problems with EPRs is the lack of standardized medical terminologies in EPR in HMC hospitals. In order to overcome this problem the author suggests adding two fields to current EPR, which are: ICD-10 code and Diagnosis (Table 4.2). These fields must be controlled and not free text fields. In order to control those fields the author suggests creating an authority table of ICD-10 medical thesaurus including ICD-10 codes (Table 4.3). This linking between the medical term (diagnosis) and the ICD code will enable the database to automatically add the codes once the healthcare professionals choose a diagnosis from the table. The author suggests that the table includes the title of the diagnosis (the term that WHO selected for describing the patient case and accordingly assigned ICD code for it), inclusion terms (include terms included under the specific diagnosis title), exclusion terms (include terms that should not be included under the specific diagnosis title), coding hint (include two codes for certain conditions and healthcare professional decide which to choose), asterisk categories (diagnosis terms cannot be used alone), ICD-10 Code of the specific diagnosis title and other fields illustrate in Table 4.3. The author suggests this table based on the ICD 10th edition published and maintained by WHO (“ICD-10 Version:2010”)
Table 4.3: Proposed Diagnosis Table to Unify Diagnosis Terminology in EPR at HMC
Diagnosis Table
 Field Names	Indexed OR Not	Description
Title	YES	The title of the diagnostic statement as appeared in ICD-10.
Definition	NO	Definition of the content of the number. Some terminology varies from one place to other, while same name could be used to describe two different cases. This field is to be appeared beside each title as information sign.
Inclusion	YES	Examples of the diagnostic statements to be classified to that number. Or different conditions or be synonyms. 
Exclusion	YES	The title might propose that these excluded terms were to be classified under that title, where in fact to be classified elsewhere. These should be cross-referenced with the title when the healthcare professional choose any of these terms a message appears ‘Do you mean this..’ and list title besides inclusion and exclusion terms.
Note		NO	Any specific note to certain title.
Coding Hint	YES	Includes two codes for certain conditions, and the healthcare professionals decide which to choose.
Asterisk categories	YES	Some categories (titles) cannot be used alone, If the title is one of those categories, a message appears to inform that this code is not to be used alone.
ICD-10 Code	YES	ICD-10 according to the diagnostic statement and Inclusion terms. To be assigned automatically in the patient record when that specific diagnostic statement is chosen.
Chapter number	NO	Chapter number
Chapter Title	NO	Chapter Title
Blocks of categories	NO	Blocks of categories in which the ICD-10 code included.
Three-character categories	NO	Three-character categories in which the ICD-10 code included.
Four-character subcategories	NO	Four-character subcategories in which the ICD-10 code included.
Physician/CDS Personnel
Keyword search	YES	All fields
Physician/CDS in charge	NO	Last name, first name and initials


The lack of standardized medical terminologies problem continue with no standard terminologies for medications. In similar way the author suggests to use one internationally acceptable thesaurus which is published and maintained by FDA (Guo et al.; Research). In order to overcome this lack of standardization the author suggests adding two fields to current EPR, which are: NDC code and Prescript medications (Table 4.2). Also, these fields must be controlled. In order to control these fields the author suggests to create an authority table to NDC thesaurus including codes (Table 4.4). Linking between the medical term (medications) and the code will enable the database to automatically add the codes once the healthcare professionals choose a medication from the table. The author suggests that the table includes the title of the medication (the term that FDA selected for medication accordingly assigning the code for it) and the NDC. 
Table 4.4: Proposed Prescript Medications Table to Unify Proposed Prescript Medications in EPR at HMC
Medications Information
Medication Title	YES	Includes the terms used by FDA to represent the medications prescribed to the patient.
NDC		YES			Code to the specific term which was assigned by FDA and published in NDC. To be assigned automatically in the patient record when that specific medication is chosen.
Keyword search	YES	All fields



4.4.2 Retrieval
	All the data in the patient record will be searchable and indexed for retrieval purposes. Data will be grouped in three different categories patient-identified data, healthcare professional-identified data and health data. The patient-identified and healthcare professional-identified data will be viewed, retrieved by only authorized personnel. Researchers can search only health data for patients and personal data will be masked, suppressed and will not appear for researchers. By using ICD-10, NDC controlled vocabulary for diagnosis and medications, accurate statistical data will be extracted. Currently in HMC, ICD-10 coders only code the in-patient (the patient that is held in the hospital) while out-patient is not coded. Suggested enhancements will allow patient records to be coded automatically once the physicians choose the diagnosis. That will allow assigning ICD-code to all patients (inpatient and outpatient) and provide the healthcare professional with accurate data about the medical conditions in specific area which will help in healthcare planning. Additionally the keyword searching will allow search all fields including doctor notes.
4.5 Conclusions
The transformation form paper based patient record system to electronic patient record system provides healthcare professionals with more reliable and precise health information whenever they need it. Also this transformation enables the sharing of health information between different healthcare organizations.
When healthcare providers have access to EPRs and EPRs’ fragments, such as, diagnosis, laboratory results, etc. would lead to facilitate therapy decisions and develop healthcare status in the country. Also when researchers are provided with accurate health information and when are provided with easy access to statistics, that would lead to develop the health status in the country.
The proposed enhancements to current healthcare system would facilitate the process of searching and retrieving the health information from EPR in efficient and effective way. With the aid of existing technology, serious improvements can be done to current medical record system at HMC in sharing and managing medical information. In order for this effort to be completed, it needs to be done on the national level and the responsibility for that to happen would be on the shoulders of National Health Strategy (NHS). 
The researcher identifies the key problem facing EPR in HMC which is the lack of health data organization in EPR that hinders data retrieval and user services. For example, the Health coders apply ICD-10 codes only for inpatients (patient who is admitted in a hospital while being treated) and not applying any codes for outpatients (patient who is treated in a hospital without being admitted in hospitals). This led to uncompleted picture of current health status in HMC hospitals, which prevent researcher from doing accurate reaches based on concrete statistics. Also there is no regularly published statistical data about health situation in HMC, for example, number of patients with diabetes and their ages, spread of certain contagious diseases, percentage usages of specific drugs … etc. Accordingly, the proposed enhancements along with the new system that is expected to apply in HMC, will allow healthcare professionals to add diagnosis, treatments and therapies to EPR, would make heath information available for researchers.
	Another problem will face Qatar in making national health system, which is unifying EPR form in all healthcare centers in Qatar, -knowing that there is no standard form for EPRs-. To allow one computer system to exchange data with another computer system while each of them are using different health information systems and different EPRs forms is a big challenge. The problem is not in different EPRs formats only, but also hospitals may have a laboratory system that is different from one hospital to another, a pharmacy system that is different between hospitals, and a patient care documentation system that also is different from one hospital to another. 
Finally, to achieve interoperability between different health information systems, a common format standards must be developed between these different the healthcare delivery system. Unfortunately, these standards is not consistent, which leads to increasing in costs and time-consuming customizations when implementing common communication format standards.


Chapter 5: Recommendations and Future Research
5.1 Recommendations
This research suggests improvements to current Hamad Medical Corporation’s Electronic Patient Record system in order to enrich patient diagnosis information stored in it and to ease the retrieval of information for statistical or research purposes.
The research recommends using International Classification of Diseases thesaurus as diagnosis terms to be assigned by physicians at HMC. Using ICD controlled thesaurus instead of allowing physicians to add the diagnosis in a free text field, will result in sorted and controlled diagnosis data. The motivation behind suggesting the use of International Classification of Diseases classification is that, it is already used in HMC records for coding purposes, so healthcare providers (including physicians) are familiar with it. While, the main purpose for using ICD-10 thesaurus is to unify diagnosis term used in HMC and control medical synonyms with a diagnosis terms that is internationally well-known. 
The research also recommends that healthcare providers use ICD thesaurus when assigning diagnosis in each record. However, the research suggests that any suggested diagnosis by HMC healthcare providers, which is not included in ICD thesaurus, should be sent to World Health Organization (WHO) to be added to the ICD-10 thesaurus.
Another recommendation is to add ICD-10 codes to both inpatient and outpatient records, in order to have a clear vision on the health situation in Qatar. Last recommendation is implementing the same EPR with suggested enhancements in all healthcare centers in Qatar to develop a national health system that would lead to early recognition of diseases, better managing health spending and forming new standards for health in country.


5.2 Future Research
	Further studies that are recommended to continue this research effort are:
Further research in privacy, confidentiality, and security issues that address creating a special electronic security tools. These tools would be developed in order for the public to trust their data exchanged in electronic form and preventing some levels of healthcare professionals from seeing patients’ personal data.
Linking internet search engines to patient’s own EPR to allow patients search their EPR through internet, that would improve patient search experience by personalizing search tools and that would allow patients to post their healthcare feedback that would form a source for continuous improvements additionally enhance patient-doctor relationship.
Examining the probability of applying one electronic patient record system on a national scale and illustrating possible ways of benefiting from that.
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Appendix A: Semi-structures interview  
Thank you very much for your cooperation. I am keen to find out how the workflow in regards to the Electronic Patient Record. 
I am doing my master degree about Medical Record Management in Hamad Medical Corporation. I want to know how the medical record department keep and maintain patient record. That would help me to understand the current situation in order to enable me suggest some improvement. 
Okay, can we start by talking about the: 
What is your position in Hamad Medical Corporation? 
Can I ask you what your daily work is?
How record is being kept?
What areas of difficulty were found  in the current electronic patient record system
Moving from one system to another, what was surprising? How clinical staff reacts about the new service and is there any complains? 
What are the main concerns to Health Management Department staff regarding EPR?
How statistical information being extract from EPR? Who is responsible? How is it done in the current system?
In your opinion, what is wrong with the system? How do you think it could have been done differently? 
Once again, thank you for taking part. Is there anything that you wanted to ask me? Please feel free to do so.
APPENDIX B: Consent Form
Department of Information Studies, University College London, Library and Information Science Department, Master’s dissertation research project being conducted by [Iman Khamis, +97466618603, iman.khamis.13@ucl.ac.uk] 
Electronic Patient Record in Hamad Medical Corporation
The research project aims to explore current patient record system in Hamad Medical Corporation (HMC)
Consent form for interview respondents July 2014.
I agree that I will be interviewed for the purposes of data collection in this project.. 
I agree that the data collected can be used in any reports and other outputs from the research project, in particular the Master’s dissertation presented to UCL. I understand that the research may be published in, for example, the form of a journal article, and that the Master’s dissertation text may be made available by the University in its digital repository or in print, after the Examination Board has determined the outcome of the examinations. 
I understand that respondents will not be individually named (or made identifiable in any way) in these outputs, unless agreed with the researcher in advance. The data will be collected and stored in accordance with the Data Protection Act 1998. It will be retained for the duration of the project and for a period of up to 1 year afterwards in order to allow for re-examination of the data by the research student or his/her supervisors or examiners for purposes connected with the Master's dissertation and its examination. 
I understand that participation is voluntary. 
Please contact the Library and Information Science Programme Director, Dr. Fred Nesta, at DIS UCL if you have any questions or concerns. 
Many thanks for your participation. 

Name of respondent: 
Signed										 Dated
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