PAGE  
11

ODESSA NATIONAL MEDICAL UNIVERSITY

DEPARTMENT OF BIOPHYSICS INFORMATICS AND MEDICAL DEVICES
For PhD students: first seminar in

MEDICAL INFORMATICS AND MATHEMATICAL STATISTICS (INTRODUCTION)
Approved at 

Department of Biophysics, 

Informatics and Medical Devices 

(Protocol N1, 27.08.21)

Chief of department

Prof.___________________Godlevsky L.S.

ODESSA – 2021
The Computer Meets Medicine and Biology: Emergence of a Course
After reading this chapter, you should know the answers to these questions:

● Why is information management a central issue in biomedical research and clinical practice?

● What are integrated information management environments, and how might we expect them to affect the practice of medicine, the promotion of health, and biomedical research in coming years?

● What do we mean by the terms medical computer science, medical computing, biomedical informatics, clinical informatics, nursing informatics, bioinformatics, and health informatics?

● Why should health professionals, life scientists, and students of the health professions learn about biomedical informatics concepts and informatics applications?

● How has the development of modern computing technologies and the Internet changed the nature of biomedical computing?

● How is biomedical informatics related to clinical practice, biomedical engineering, molecular biology, decision science, information science, and computer science? 
● How does information in clinical medicine and health differ from information in the basic sciences?

● How can changes in computer technology and the way medical care is financed influence the integration of medical computing into clinical practice?
1 Integrated Information Management: Technology’s Promise
After scientists had developed the first digital computers in the 1940s, society was told that these new machines would soon be serving routinely as memory devices, assisting with calculations and with information retrieval.Within the next decade, physicians and other health workers had begun to hear about the dramatic effects that such technology would have on medical practice. More than five decades of remarkable progress in computing have followed those early predictions, and many of the original prophesies have 3

1 Portions of this section are adapted from a paper presented at Medinfo98 in Seoul, Korea (Shortliffe, 1998a).

Stories regarding the “information revolution” fill our newspapers and popular magazines, and today’s children show an uncanny ability to make use of computers as routine tools for study and entertainment. Similarly, clinical workstations are now available on hospital wards and in outpatient offices. Yet many observers cite the health care system as being slow to understand information technology, to exploit it for its unique practical and strategic functionalities, and to incorporate it effectively into the work environment. Nonetheless, the enormous technological advances of the last two decades—personal computers and graphical workstations, new methods for human–computer interactions, innovations in mass storage of data, personal digital assistants, the Internet and the World Wide Web, wireless communications—have all combined to make routine use of computers by all health workers and biomedical scientists inevitable. A new world is already with us, but its greatest influence is yet to come. This book will teach you both about our present resources and accomplishments and about what we can expect in the years ahead.

It is remarkable that the first personal computers did not appear until the late

1970s, and the World Wide Web dates only to the early 1990s. This dizzying rate of change, combined with equally pervasive and revolutionary changes in almost all international health care systems during the past decade, makes it difficult for health care planners and institutional managers to try to deal with both issues at once.

Yet many observers now believe that the two topics are inextricably related and that planning for the new health care environments of the twenty-first century requires a deep understanding of the role that information technology is likely to play in those environments.

What might that future hold for the typical practicing clinician? No clinical computing topic is gaining more attention currently than is the issue of electronic health records (EHRs). Health care organizations are finding that they do not have systems in place that allow them to answer questions that are crucially important for strategic planning and for their better understanding of how they compare with other provider groups in their local or regional competitive environment.

In the past, administrative and financial data were the major elements required for such planning, but comprehensive clinical data are now also important for institutional self-analysis and strategic planning. Furthermore, the inefficiencies and frustrations associated with the use of paper-based medical records have become increasingly clear (Dick and Steen, 1991 [revised 1997]), especially when inadequate access to clinical information is one of the principal barriers that clinicians encounter when trying to increase their efficiency in order to meet productivity goals for their practices.
1 Electronic Health Records: Anticipating the Future
Many health care institutions are seeking to develop integrated clinical workstations.

These are single-entry points into a medical world in which computational tools assist not only clinical matters (reporting results of tests, allowing direct entry of orders by clinicians, facilitating access to transcribed reports, and in some cases supporting telemedicine applications or decision-support functions) but also administrative and financial topics (e.g., tracking of patients within the hospital, managing materials and inventory, supporting personnel functions, and managing the payroll), research (e.g., analyzing the outcomes associated with treatments and procedures, performing quality assurance, supporting clinical trials, and implementing various treatment protocols), scholarly information (e.g., accessing digital libraries, supporting bibliographic search, and providing access to drug information databases), and even office automation (e.g., providing access to spreadsheets, word processors). The key idea, however, is that at the heart of the evolving clinical workstation lies the medical record in a new incarnation: electronic, accessible, confidential, secure, acceptable to clinicians and patients, and integrated with other types of nonpatient-specific information.
Inadequacy of the Traditional Paper Record
The paper-based medical record is woefully inadequate for meeting the needs of modern medicine. It arose in the nineteenth century as a highly personalized “lab notebook” that clinicians could use to record their observations and plans so that they could be reminded of pertinent details when they next saw the same patient. There were no bureaucratic requirements, no assumptions that the record would be used to support communication among varied providers of care, and few data or test results to fill up the record’s pages. The record that met the needs of clinicians a century ago has struggled mightily to adjust over the decades and to accommodate to new requirements as health care and medicine have changed.

Difficulty in obtaining information, either about a specific patient or about a general issue related to patient management, is a frustrating but common occurrence for practitioners.

With increasing pressures to enhance clinical productivity, practitioners have begun to clamor for more reliable systems that provide facile, intuitive access to the information they need at the time they are seeing their patients. The EHR offers the hope for such improved access to patient-specific information and should provide a major benefit both for the quality of care and for the quality of life for clinicians in practice.

Despite the obvious need for a new record-keeping paradigm, most organizations have found it challenging to try to move to a paperless, computer-based clinical record. This observation forces us to ask the following questions: 
“What is a health record in the modern world? Are the available products and systems well matched with the modern notions of a comprehensive health record?” Companies offer medical record products, yet the packages are limited in their capabilities and seldom seem to meet the full range of needs defined within our complex health care organizations.

The complexity associated with automating medical records is best appreciated if one analyzes the processes associated with the creation and use of such records rather than thinking of the record as an object that can be moved around as needed within the institution. For example, on the input side, the medical record requires the integration of processes for data capture and for merging information from diverse sources. The contents of the paper record have traditionally been organized chronologically—often a severe limitation when a clinician seeks to find a specific piece of information that could occur almost anywhere within the chart. To be useful, Emergence of a Discipline 5 the record system must make it easy to access and display needed data, to analyze them, and to share them among colleagues and with secondary users of the record who are not involved in direct patient care . Thus, the computer-based medical record is best viewed not as an object, or a product, but rather as a set of processes that an organization must put into place, supported by technology. Implementing electronic records is inherently a systems-integration task; it is not possible to buy a medical record system for a complex organization as an off-the-shelf product. Joint development is crucial.
The Medical Record and Clinical Trials
One argument that warrants emphasis is the importance of the electronic record in supporting clinical trials—experiments in which data from specific patient interactions are pooled and analyzed in order to learn about the safety and efficacy of new treatments or tests and to gain insight into disease processes that are not otherwise well understood. Medical researchers are constrained today by clumsy methods for acquiring the data needed for clinical trials, generally relying on manual capture of information onto datasheets that are later transcribed into 

Blois Inputs to the medical record. The traditional paper medical record is created by a variety of organizational processes that capture varying types of information (notes regarding direct encounters between health professionals and patients, laboratory or radiologic results, reports of telephone calls or prescriptions, and data obtained directly from patients). The record thus becomes a merged collection of such data, generally organized in chronological order.

The approach is labor-intensive, fraught with opportunities for error, and adds to the high costs associated with randomized prospective research protocols.

The use of EHRs offers many advantages to those carrying out clinical research.

Most obviously, it helps to eliminate the manual task of extracting data from charts or filling out specialized datasheets. The data needed for a study can be derived directly from the EHR, thus making research data collection a by-product of routine clinical record keeping. Other advantages accrue as well. For example, the record environment can help to ensure compliance with a research protocol, pointing out to a clinician when a patient is eligible for a study or when the protocol for a study calls for a specific management plan given the currently available data about that patient. We are also seeing the development of novel authoring environments for clinical trial protocols that can help to ensure that the data elements needed for the trial are compatible with the local EHR’s conventions for representing patient descriptors.
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Outputs from the medical record. Once information is collected in the traditional paper medical record, it may be provided to a wide variety of potential users of the chart. These users include health professionals and the patients themselves but also a wide variety of “secondary users” (represented here by the individuals in business suits) who have valid reasons for accessing the record but who are not involved with direct patient care. Numerous providers are typically involved in a patient’s care, so the chart also serves as a means for communicating among them. The mechanisms for displaying, analyzing, and sharing information from such records results from a set of processes that often vary substantially across several patient care settings and institutions.
2 Recurring Issues that Must Be Addressed
There are at least four major issues that have consistently constrained our efforts to build effective patient record systems: (1) the need for standards in the area of clinical terminology; (2) concerns regarding data privacy, confidentiality, and security; (3) challenges of data entry by physicians; and (4) difficulties associated with the integration of record systems with other information resources in the health care setting.

Issues of direct data entry by clinicians are discussed in We examine recent trends in networking and ask how communications are changing the way in which the patient care record can be better integrated with other relevant information resources and clinical processes, which are currently fragmented and poorly coordinated.

Complex processes demanded of the record. Medical record is the incarnation of a complex set of organizational processes, which both gather information to be shared and then distribute that information to those who have valid reasons for accessing it. Paper-based documents are severely limited in meeting the diverse requirements for data collection and information access that are implied by this diagram.
3 Integrating the Patient Record with Other Information

Resources
Experience has shown that physicians are “horizontal” users of information technology (Greenes and Shortliffe, 1990). Rather than becoming “power users” of a narrowly defined software package, they tend to seek broad functionality across a wide variety of systems and resources. Thus, routine use of computers, and of EHRs, will be most easily achieved if the computing environment offers a critical mass of functionality that makes the system both smoothly integrated and useful for essentially every patient encounter.

With the introduction of networked systems within our health care organizations, there are new opportunities to integrate a wide variety of resources through single clinical workstations. Various workstations are shown at the upper left (machines for use by patients, clinicians, or clerical staff) connected to an enterprise-wide network or intranet. In such an environment, diverse clinical, financial, and administrative databases all need to be accessed and integrated, typically by using networks to tie them Emergence of a Discipline 9
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