Basic concepts of medical informatics

Medical informatics is the study and application of methods to improve the
management of patient data, clinical knowledge, population data, and other
information relevant to patient care and community health. It is a young science,
which emerged in the decades after the invention of the digital computer in the 1940s.
Mechanical computing in medicine had a much earlier origin, in the 19th century,
with Herman Hollerith’s “punched-card data-processing system” originally used for
the US census and subsequently developed to support surveys in public health and
epidemiology. This example reflects the multidisciplinary nature of medical
informatics, which interacts with various fields, including the clinical sciences, the
public health sciences (for example, epidemiology and health services research) as
well as cognitive, computing, and information sciences.

Healthcare informatics combines the fields of information technology and
health to develop the systems required to administer the expansion of information,
advance clinical work flow, and improve the security of the healthcare system. It
involves the integration of information science, computer technology, and medicine
to collect, organize, and secure information systems and health-related data. The
extraordinary explosion of medical knowledge, technologies, and ground-breaking
drugs may vastly improve healthcare delivery to consumers, and keeping the
information related to these advancements organized and accessible is key.

Healthcare informatics utilizes computer hardware, specialized software, and
communication devices to form complex computer networks to collect, analyze, and
transmit medical processes. The tools for creating health information systems are not
limited just to information technology. These systems should also allow for the
assimilation of clinical directives, understanding of formal medical jargon, storage of
data, and transmission of clear communication. Medical informatics can be applied in
all types of health environments, including primary care, general practice, hospital
care, and rehabilitation. It is also inclusive of many of the specialties within the

healthcare field.



Information systems may used to create greater operating efficiencies in three
basic functions of healthcare: clinical, administrative, and financial. For example,
healthcare informatics is pivotal in the movement to cut costs and enhance patient
care by implementing a standardized system for electronic medical records. It is also
a key to expanding the development health information systems for billing, clinical
research, client scheduling, and the exchange of medical information.

Physicians can avail themselves of the growing knowledge base and make
better decisions bolstered by computer software called clinical decision support
systems (CDSS). Other computer systems, called electronic prescribing systems,
eliminate the need for hand-written prescriptions and minimize errors. Informatics
also allow for data mining to determine the effectiveness of drugs. This may reduce
the cost of treatments, lessen mistakes, and help further advancements in the quality
of care.

One of the major objectives of healthcare informatics is to formulate a standard
approach for healthcare internationally. The idea is for researchers, providers, and
patients to benefit from the informatics tools, techniques, concepts, and protocols that
transform healthcare delivery, and to promote best practices in the healthcare field.
As a result of evolving and complex legal issues related to information technology
and health-related fields, healthcare informatics is also important in health law as it
relates to ethical, operational, and privacy concerns.

Many experts agree that one of the main challenges of healthcare informatics is
to get medical providers committed to the widespread implementation of the various
information technology components. Healthcare informatics may not only create a
seamless and comprehensive healthcare system, but can assist industry professionals
to solve problems, make decisions, and provide better customer service. It may help
professionals process multiple functions that will enable them to perform their duties
more effectively and efficiently.



Biomedical and Health Informatics

While various perspectives of informatics and its application to health care
have been published, two have been chosen for review and discussion because of
their significance within the field.

The first definition comes from the American Medical Informatics Association
or AMIA. AMIA is a non-profit organization dedicated to the development and
application of medical informatics in the support of patient care, teaching, research,
and health administration. They are seen as the prominent informatics organization in
the US.

According to their Web site, “AMIA is the professional home for biomedical
and health informatics. For over thirty years the members of AMIA and its honorific
college, the American College of Medical Informatics (ACMI), have sponsored
meetings, education, policy and research programs. The federal government
frequently calls upon AMIA as a source of informed, unbiased opinions on policy
issues relating to the national health information infrastructure, uses and protection of
personal health information, and public health considerations, among others.”
AMIA’s definition therefore is essential to understand. Accordingly, “Biomedical and
health informatics has to do with all aspects of understanding and promoting the
effective organization, analysis, management, and use of information in health care.

While the field of biomedical and health informatics shares the general scope
of these interests with some other health care specialties an disciplines, biomedical
and health informatics has developed its own areas of emphasis and approaches that

have set it apart from other disciplines and specialties.”
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The second definition comes from another highly respected source for
biomedical informatics material, the textbook Biomedical informatics: computer
applications in health care and biomedicine. Shortliffe defines biomedical
informatics as “’the scientific field that deals with biomedical information, data, and
knowledge — their storage, retrieval, and optimal use for problem solving and
decision making.” As a field of study, Shorliffe states biomedical informatics is
“concerned with the broad range of issues in the management and use of biomedical
information, including biomedical computing and the study and nature of biomedical
information itself.”

The chapter The computer meets medicine and biology: the emergence of a
discipline, from the textbook Biomedical informatics: computer applications in
health care and biomedicine edited by Edward Shortliffe with James Cimino as
associate editor contains a description of biomedical informatics which is represented

by the diagram shown above.



Informatics is viewed as four subfields, public health informatics, clinical
informatics, imaging informatics, and bioinformatics each with a specific focus as
represented by the left hand side. The right hand side lists the component sciences in
biomedical informatics which includes computer science, clinical science, basic
biomedical science, cognitive science, bioengineering, management science,
epidemiology, and statistics.

To begin, Shortliffe defines biomedical informatics as “the scientific field that
deals with biomedical information, data, and knowledge — their storage, retrieval, and
optimal use for problem solving and decision making.”

As a field of study, Shorliffe states biomedical informatics is “concerned with
the broad range of issues in the management and use of biomedical information,
including biomedical computing and the study and nature of biomedical information
itself.”
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Biomedical informatics encompasses public health, clinical, and imaging

informatics as well as the biological and biomolecular informatics domains.



Some examples of a biomedical informatics application drawn from a brochure
published by the University of Medicine & Dentistry of New Jersey include:

. Reducing diagnostic uncertainties and improving clinical decision-making
by using computing techniques and information technologies.

. Utilizing computational approaches and modern computer-based techniques
in drug design, molecular genetics and cellular genetics to solve complex clinical
problems.

« Designing large databases of digitized medical images for use in medical
decision-making, teleradiology, or teleconsultation.

These four subfields, public health informatics, clinical informatics, imaging
informatics, and bioinformatics where the informatics applications are geared toward
a specific area such as the individual in the case of clinical informatics.

The following sections provide additional information for each subfield.
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The first informatics segment is public health informatics. As defined in the

textbook Biomedical informatics: computer applications in health care and


http://www.philblock.info/hitkb/_refs/UMDNJ_biomedical_informatics.pdf

biomedicine, public health informatics is an application area of biomedical
informatics in which the field’s methods and techniques are applied to problems
drawn from the domain of public health.

Public health informatics is population- and society-focused.

Examples of public health informatics applications include:

- National Notifiable Disease Surveillance System

o The National Electronic Telecommunications System for Surveillance
(NETSS)

« Immunization registries

o Immunization information systems

. Homeland Security

o Bioterrorism
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The second informatics segment is clinical informatics. As defined in the

textbook Biomedical informatics: computer applications in health care and



biomedicine, clinical informatics is the application of biomedical informatics in the
patient care domain. It is a combination of computer science, information science,
and clinical science designed to assist in the management and processing of clinical
data, information, and knowledge to support clinical practice.

Clinical informatics is individual (patient-oriented) focused.

An example of clinical informatics applications would be the electronic

medical record.
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The third informatics segment is imaging informatics. As defined in the
textbook Biomedical informatics: computer applications in health care and
biomedicine, imaging informatics is concerned with the common issues that arise in
all image modalities, relating to the acquisition of image in, or conversion to, digital
form, and the analysis, manipulation, and use of those images once they are in digital
form.

Imaging informatics is tissues- and organs-focused.

An example of imaging informatics applications is a CT scanner, which uses

software algorithms to recreate a three-dimensional image of the body parts. Another



example are Picture Archiving and Communication Systems (PACS) which are a
combination of hardware and software dedicated to the short- and long-term storage,

retrieval, management, distribution, and presentation of images.

Biomedical Informatics

Population
t
Individual
t
Organ -~
1 "
Tissue | Biomedical
t . informatics
Cell A
'
Sub-cellular
t ,.
Protein 1 [ Bioinformatics <— Example
t Genomic
Gene Modified by Dr. Jiajie Zhang, The University of sequencing
t Texas at Houston, Schpo: of Biomedical
Informatics from Shortliffe, Editor, Biomedical
Molecule =) informatics: computer appiications in health care
and biomedicine

The final informatics segment is bioinformatics. As defined in the textbook
Biomedical informatics: computer applications in health care and biomedicine,
bioinformatics is the study of how information is represented and transmitted in
biological systems, starting at the molecular level.

Bioinformatics is molecular and cellular processes focused.

An example of bioinformatics applications is genomic sequencing.
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\| Management Science

Having covered the subdiciplines of biomedical informatics, Shortliffe

addresses the component sciences that biomedical informatics draws on and
contributes to. These include computer science, clinical science, basic biomedical

science, cognitive science, bioengineering, management science, epidemiology, and
statistics.

Following are some brief definitions of each. All are from Answers.com

Computer science: The study of computation and computer technology,
hardware, and software.

. Clinical science: the practical study of medical

principles or
investigations using controlled procedures to evaluate results.

Biomedical science: the application of information technology to the
fields of biomedical research and health care.



. Cognitive science: The study of the nature of various mental tasks and
the processes that enable them to be performed.

. Bioengineering: The application of engineering principles to the fields of
biology and medicine, as in the development of aids or replacements for defective or
missing body organ.

. Management science: school of management emphasizing the use of
mathematics and statistics as an aid in resolving production and operations problems.

. Epidemiology & Statistics: the branch of medical science dealing with
the transmission and control of disease and the mathematics of the collection,
organization, and interpretation of numerical data, especially the analysis of

population characteristics by inference from sampling.

Course outcomes

The outcomes for this course are to enable you to gain:

— An understanding of the basic informatics principles.

— Knowledge on how to structure, record and model clinical data in a form
appropriate for the clinical task, for communication with colleagues, or for
communication with computer application developers.

— Essential information skills and ability to use information technology to
access, assess, select and apply available information.

— Knowledge of some existing computerized systems in health care and how
they improve health care delivery.

— An understanding of the advantages, capabilities and limitations of

information technologies when applied to health.



Literature

Adams ID, Chan M, Clifford PC, et al. Computer aided diagnosis of acute
abdominal pain: a multicentre study. BMJ1986;318:101-5.

Baldwin LP, Clarke M, Eldabi T, Jones RW. Telemedicine and its role in
Improving communication in healthcare. Logistics Information Management 2002;
15(4): 309-19.

Bates DW, Boyle DL, Teich JM. Impact of computerized physician order
entry on physician time: proceedings of the 18th Annual Symposium on Computer
Applications in Medical Care, 1994. Washington: Heinley & Befus C0.1994: 996.

Bates DW, Cohen M, Leape LL, Overhage JM, Shabot MM, Sheridan T.
Reducing the frequency of errors in medicine using information technology. J Am
Med Inform Assoc 2001; 8: 299-308.

Bergus GR, Cantor SB, Ebell MH, et al. A glossary of medical decision
making terms. Med Decis Making1995;22:385-93.

Blois MS, Shortliffe EH. The computer meets medicine: emergence of a
discipline. Medical Informatics. Computer Applications in Health Care. 1990: 20.

British Medical Informatics Society. Available from: http://www.bmis.org.
Accessed April 26, 2004.

Burns F. Information for health. Leeds: NHS Executive, 1998.

Chen J, Campbell TC, Li J, et al. Diet, lifestyle and mortality in China.
Oxford: Oxford University Press, 1990.

Coiera E. A guide to medical informatics, the internet and telemedicine. New
York: Chapman and Hall, 1997.

Coiera E. Glossary. In: A guide to medical informatics, the internet and
telemedicine. New York: Chapman and Hall, 1997:339-50.

Coiera E. Guide to medical informatics, the internet and telemedicine.
London: Chapman & Hall Co. 1997.



Dexter PR, Perkins S, Overhage JM, et al. A computerized reminder system to
increase the use of preventive care for hospitalized patients. N Engl J
Med2001;345:965-70.

Dick RS, Steen EB, Detmer DE. The computer-based patient record: an
essential technology for health care. Revised ed. Washington: National Academy
Press. 1997.

Eysenbach G. Consumer health informatics. BMJ2000;320:1713-16.

Farukhi F. Clinical decision support systems. Available from:
http://www.cwru.edu/med/epidbio/mphp439/Clinical _Decision.htm

For the record: Protecting electronic health information. Washington: National
Academy Press. 1997,

Fox S, Rainie L, The online health care revolution: how the web helps
Americans  take better  care of  themselves. Available  from:
http://www.pewinternet.org/reports/pdfs/PIP_Health Report.pdf

Friedman CP, Wyatt JC. Evaluation methods in medical informatics. New
York: Springer-Verlag, 1997.

Gostin LO. National health information privacy: regulations under the Health
Insurance Portability and Accountability Act. JAMA 2001; 285: 3015-21.

Greens RA, Shortliffe EH. Medical informatics: an emerging academic
discipline and institutional priority. JAMA1990;263:1114-20.

Grigsby J, Kaehny MM, Sandberg EJ, Schlenker RE. Effects and
effectiveness of telemedicine. Health Care Financ Rev 1995; 17(1): 115-31.

Hammond E. Glossary for healthcare  standards.  http://dmi-
www.mc.duke.edu/dukemi/acronyms.htm, 1995.

Healthfield HA, Wyatt J. Medical informatics: hiding our light under a bushel,
or the emperor's new clothes? Methods Inform Med 1993; 32(2): 181-2.

Health informatics principles // Postgraguate programs School of Public
Health and Community Medicine. Faculty of Medicine. University of New South
Wales. Semester 2, 2008. — 20 p.


http://www.cwru.edu/med/epidbio/mphp439/Clinical_Decision.htm
http://www.pewinternet.org/reports/pdfs/PIP_Health_Report.pdf
http://dmi-www.mc.duke.edu/dukemi/acronyms.htm
http://dmi-www.mc.duke.edu/dukemi/acronyms.htm

Hersh WR. Medical informatics: improving health care through information.
JAMA 2002; 288(16): 1955-8.

Hersh  W. What is medical informatics?  Available  at:
http://www.ohsu.edu/dmice/whatis/index.shtmi

Hingorani AD, Vallance P. A simple computer programme for guiding
management of cardiovascular risk factors and prescribing. BMJ1999;318:101-5.

Hunt DL, Haynes RB, Hanna SE, Smith K. Effects of computer-based clinical
decision support systems on physician performance and patient outcomes. JAMA
1998; 280: 1339-46.

Imhoff M, Webb A, Goldschmidt A. Health informatics. Intensive Care Med
2001; 27(1): 179-86.

Introduction to Health Informatics Il Access mode:
http://www.philblock.info/hitkb/h/health_informatics.html

Introduction to medical informatics. Available at:
http://euclid.ii.metu.edu.tr/~ion535/demo/lecture_notes/week1-3.html

Kohli S, Brage HN, Lofman O. Childhood leukaemia in areas with different
radon levels: a spatial and temporal analysis using GIS. J Epidemiol Community
Health2000;54:822-6.

Kohn LT, Corrigan JM, Donaldson MS. To err is human: building a safer
health system. Washington: National Academy Press. 2000. Available from:
http://books.nap.edu/html/to_err_is_human/

Law M, Tang JL. An analysis of the effectiveness of interventions intended to
help people stop smoking. Arch Intern Med1995;155:1933-41.

Lawlor DA, Stone T. Public health and data protection: an inevitable collision
or potential for a meeting of minds. Int J Epidemiol2001;30:1221-5.

Layman E. Health informatics: ethical issues. Health Care Manag 2003; 22(1):
2-15.

Levy AH. Is informatics a basic medical science? Proceeding of MEDINFO.
1977:979.


http://www.philblock.info/hitkb/h/health_informatics.html
http://euclid.ii.metu.edu.tr/~ion535/demo/lecture_notes/week1-3.html

Liu JLY, Wyatt JC, Altman DG. Exploring the definition and scope of clinical
decision tools: focus on the problem, not the solution. Oxford: Working paper, Centre
for Statistics in Medicine, Oxford University, 2002.

Lindenberg DAB. NLM long range plan. Report of the board of regents.
1998: 31.

Lloyd OL. Respiratory-cancer clustering associated with localised industrial
air pollution. Lancet1978;i:318-20.

Masys DR, Brennan PF, Ozbolt JG, et al. Are medical informatics and nursing
informatics distinct disciplines? The 1999 ACMI debate. J Am Med Inform
Ass0c2000;7:304-12.

Medical Informatics. Definitions of medical informatics. Available from:
http://www.veranda.com.ph/hemant/definitions.htm

Medical informatics. Origin of the term "Medical Informatics”. Available
from: http://www.veranda.com.ph/hemant/origin.htm

Miller RA, Medical diagnostic decision support systems- past, present and
future. J Am Med Inform Assoc 1994; 1: 8-27.

Monkman D. Treating dyslipidaemia in primary care: the gap between policy
and reality is large in the UK. BMJ2000;321:1299-300.

Myer JD. Medical education in the information age. Proceedings of the
Symposium on Medical Informatics. 1986: 3.

National HealthKey Collaborative. Securing the exchange and use of
electronic health information to improve the nation’s health: a summary report to the
community. New York: The Robert Wood Johnson Foundation, 2001.

Overhage JM, Perkins S, Tierney WM, McDonald CJ. Controlled trial of
direct physician order entry: effects on physicians’ time utilization in ambulatory
primary care internal medicine. J Am Med Inform Assoc 2001; 8: 361-71.

Richards TB, Croner CM, Rushton G, et al. Geographic information systems
and public health: mapping the future. Public Health Rep1999;114:359-73.

Preliminary announcement for the Third World Conference on Medical
Informatics. MEDINFO 80. 1997.


http://www.veranda.com.ph/hemant/definitions.htm
http://www.veranda.com.ph/hemant/origin.htm

Rao SS. Integrated health care and telemedicine. Work Study 2001; 50(6):
222-9.

Sim I, Gorman P, Robert A, et al. Clinical decision support systems for the
practice of Evidence-based medicine. J Am Med Inform Assoc2001;8:527-34.

Shortliffe EH, Blois MS. The computer meets medicine and biology:
emergence of a discipline. In: Shortliffe EH, Perreault LE, Wiederhold G, et al, eds.
Medical Informatics—computer applications in health care and biomedicine. New
York: Springer-Verlag, 2001:3-40.

Shortliffe EH, Garber AM. Training synergies between medical informatics
and health services research. J Am Med Inform Assoc2002;9:133-9.

Shortliffe EH, Perreault LE, Wiederhold G, et al. Glossary. In: Medical
informatics—computer applications in health care and biomedicine. New York:
Springer-Verlag, 2001:749-820.

Shu K, Boyle D, Spurr C. Comparison of time spent writing orders on paper
with computerized physician order entry. Medinfo 2001; 10: 1207-11.

Silberg WM, Lundberg GD, Musacchio RA. Assessing, controlling and
assuring the quality of medical information on the internet. JAMA 1997; 277: 1244-
5.

Sless D. What is information design? In: Designing information for people.
Sydney: Communications Research Press, 1994:1-16.

Somerville 1. Software engineering. 5th edn. Wokingham: Addison-Wesley,
1995.

Stanberry B. Legal, Ethical and risk issues in telemedicine. Comput Methods
Programs Biomed 2001; 64(3): 225-33.

Stanberry B. Telemedicine: barriers and opportunities in the 21st century. J
Internal Med 2000; 247(6): 615-28.

Systems designed to support a decision research process for complex
problems. Available from:

http://www.geog.plymouth.ac.uk/research/groups/ALC/finalDisk/glossary.htm


http://www.geog.plymouth.ac.uk/research/groups/ALC/finalDisk/glossary.htm

Taylor H, Leitman R. The increasing impact of eHealth on physician behavior.
Available at:
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2
001voll iss31.pdf

Van Bemmel JH, Musen M. Glossary. In: A handbook of medical informatics.
Heidelberg: Springer-Verlag, 1997:557—-603.

Van Bemmel JH. The structure of medical informatics. Medical Informatics
1984; 9: 175.

Van Der Maas AAF, Ten Hoopen AJ, Ter Hofstede AHA. Progress with
formalizing in medical informatics. J Am Med Inform Assoc 2001; 8(2): 126-30.

What is Healthcare Informatics? // Wise GEEK clear answer for common
guestions. —  Access mode:  http://www.wisegeek.com/what-is-healthcare-
informatics.htm

Walton of Detchant, Doll R, Asscher W, et al. Consequences for research if
use of anonymised patient data breaches confidentiality. BMJ1999;319:1366.

Wong TW, Wong SL, Yu TS, et al. Socio-economic correlates of infant
mortality in Hong Kong using ecologic data 1979-1993. Scand J Soc
Med1998;26:281-8.

Wootton R. Telemedicine. Br Med J 2001; 323(7312): 557-60.

Wyatt JC. Clinical data systems |I: data and medical records.
Lancet1994;344:1543-7.

Whyatt JC. Clinical knowledge and practice in the information age: a handbook
for health professionals. London: Royal Society of Medicine Press, 2001.

Wyatt JC. Knowledge for clinicians 10: management of explicit and tacit
knowledge. J R Soc Med2001;94:6-9.

Wyatt JC. Medical informatics: artefacts or science? Methods Inf
Med1996;35:197—-200.

Wyat J.C., Liu J.L.Y. Basic concepts in medical informatics / J. C. Wyatt,
J. L. Y. Liu /) Epidemiol Community Health 2002;56:808-812
d0i:10.1136/jech.56.11.808


http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2001vol1_iss31.pdf
http://www.harrisinteractive.com/news/newsletters/healthnews/HI_HealthCareNews2001vol1_iss31.pdf
http://www.wisegeek.com/what-is-healthcare-informatics.htm
http://www.wisegeek.com/what-is-healthcare-informatics.htm
http://jech.bmj.com/search?author1=J+C+Wyatt&sortspec=date&submit=Submit
http://jech.bmj.com/search?author1=J+L+Y+Liu&sortspec=date&submit=Submit

Whyatt JC. Practice guidelines and other support for clinical innovation. J R
Soc Med2000;93:299-304.

Wyatt JC, Spiegelhalter D. Field trials of medical decision aids: potential
problems and solutions. Proc 15th Annu Symp Comput Appl Med Care1991;3-7.

Wyatt JC, Wright P. Medical records. I: design should help use of patient
data. Lancet1998;352:1375-8.

Yasnoff WA, O’Carroll PW, Koo D, et al. Public health informatics:
improving and transforming public health in the information age. J Public Health
Manag Pract2000;6:67—75.

Yasnoff WA, Overhage JM, Humphreys BL, et al. A national agenda for
public health informatics. J Am Med Inform Assoc2002;9:535-45.



