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Medical Center in New York, the Medical Informatics
group are prototyping a WWW-based interface to
their clinical data and vocabulary servers.* The AR-
TEMIS project?” at the University of West Virginia
will make clinical information available electronically
to remote providers via a WWW server and their
Web* software. A research group based at the Boston
Children’s Hospital and MIT is working on a proj-
ect,* 72 funded by NLM and AHCPR, to develop a
WWW-based, multimedia interface to the electronic
medical record that supports customization for spe-
cific clinical environments and needs. At the [Ini-

Communications (HPCC) program, is exploring ways
of providing access to clinical images and associated
reports via a WWW interface to an object-oriented,
client—server database system. Other clinical WWW
servers are under development at Massachusetts
General Hospital®® and Stanford.”'

The growing acceptance of the WWW and its under-
lying protocols by the medical community suggest
an increasing use of this technology in the clinical
environment. In addition to the security concerns
discussed previously, there are a number of potential
problems that must be solved by developers when
creating WWW information systems. As mentioned
earlier, HTTP is a stateless client—server protocol in
which a client connects to a server, makes a request,
and then disconnects. While this reduces the load on
the server side, it makes it difficult for the server to
maintain state information for a client—server ses-
sion, which may consist of many connections/re-
quests. Many WWW developers have created pro-
prietary solutions to this problem. A number of
commercial WWW servers (such as that sold by the
Netscape Corporation) now support extensions, called
“Cookies,””*! to handle this issue. Using this tech-
nology, a server, when returning an HTTP object to
a client, may also send a piece of state information,
which the client will store. Included in that state
object is a description of the range of URLs for which
that state is valid. Any future HTTP requests made
by the client that fall in that range will include a
transmittal of the current value of the state object
from the client back to the server. This simple mech-
anism provides a powerful too] that enables a host
of new types of applications to be written for Web-
based environments.

While the hypertext paradigm built into the WWW
is one of its greatest assets, it also makes develop-
ment of WWW-based clinical information systems
more difficult because of the limited navigational aids
and restraints built into most WWW browsers. After

LOWE ET AL., World Wide Web Review

traversing several hypertext links, the user may be-
come confused as to where he or she is in the doc-
ument hierarchy. In addition, because WWW client
applications usually maintain a list of previously ac-
cessed pages, which the user can return to using
standard WWW navigational controls, it may be dif-
ficult to ensure that the user views only the most up-
to-date version of a document. For example, if the
user views WWW page X containing a patient prob-
lem list and then modifies that list, resulting in a new
WWW page Y, both page X and page Y remain in

the navicatianal hierarchy  Thero are hath hiitman

Www developmént project rather than by built-in
server features.

Lifelong Learning and the WWW

CME via the WWW is a development that offers
much promise. Martindale’s Health Science Guide,”” an
important and innovative ‘“Health science multime-
dia education and specialized information resource
center,”” is now available on the WWW. Coauthored
by Jim Martindale,” Frank Potter,® and the School
of Physical Sciences at the University of California at
Irvine,®' the guide features a variety of “virtual cen-
ters” of medicine, dentistry, veterinary medicine,
pharmacy, nursing, public health, nutrition, and al-
lied health. An evolving entity, the guide contains
more than 3,100 multimedia health science teaching
materials, 3,900 multimedia medical cases, one mul-
timedia CME course (Category 1), 47 multimedia
medical school courses/textbooks, 33 multimedia health
sciences-related graduate/undergraduate courses, and
a growing number of multimedia images and movies
that are health sciences-related.

The Department of Pathology of the Uniformed Ser-
vices University of the Health Sciences in Bethesda,
Maryland, now offers Category 1 CME credits to phy-
sicians who work with its WWW-based surgical pa-
thology cases.™®

The Loyola University Medical Education Network
(LUMEN)¥ is a WWW-based medical education proj-
ect at Loyola University in Chicago, Illinois. LUMEN
aims to provide access to medical education resources
using hypertext and the WWW. Basic goals of the
project include: 1) the integration of basic and clinical
science curricular content; 2) access to medical infor-
mation worldwide; and 3) the development of edu-
cation hypermedia.

The goal of University of Chicago’s Phoenix Project®*
is to develop an integrated academic information sys-
tem that will provide full Internet connectivity and
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distributed hypermedia-authoring capability to the
biologic sciences community at the university. One
program developed through this project is Case Stud-
ies in Environmental Medicine, a self-instructional
unit on hazardous substances in the environment.

The CliniWeb Project™ at Oregon Health Sciences
University is developing a WWW-based system for
providing quick and easy access to biomedical infor-
mation on the WWW using NLM’s MeSH vocabulary
(currently only the Disease Hierarchy is used) to clas-
sify information. This approach may improve infor-
mation retrieval by allowing the user to search for
WWW-based information using a controlled, bio-
medical vocabulary.

The WWW and Decision Support

Until recently, most clincians and other health
professionals used computers primarily as a research
tool in the retrieval of bibliographic citations to ar-
ticles published in the medical literature.”> The WWW,
by providing easy access to a wide variety of medical
information resources, may dramatically change the
way health providers use computer and networking
technology in patient care. Projects such as the VH,
Martindale’s Health Science Guide, and the LUMEN
project suggest the advent of the ““ubiquitous orga-
nization.”?" In this case, the ubiquitous organization
would be a digital representation of much of the
information and services available in a physical or-
ganization. Essentially, the ubiquitous organization
amplifies and extends the power and reach of the
physical organization through time and space. These
projects represent an emerging electronic extension
of the medical center with broad applications in areas
such as telemedicine, rural health care delivery, and
community medicine.

In the medical decision-making process, the clinician
must often assess information available in local and
remote databases. In a health care environment that
may be increasingly dominated by a reliance on pri-
mary care, especially in rural and other medically
underserved areas, the WWW offers much promise
in both the dissemination and the retrieval of medical
information. “These solo practices are potentially a
direct source of information concerning the profile of
health and disease in the community as well as the
variety of treatment and prevention activities being
undertaken and the effectiveness of these activi-
ties.”’>?

One example of WWW-based clinical decision sup-
port is the University of Pennsylvania’s OncoLink?
WWW project. OncoLink was initially designed to
service the information needs of clinicians in pediatric

oncology, radiation oncology, medical oncology, sur-
gical oncology, medical physics, and human services,
as well as their patients. Over time, patients and
other users began to suggest a more disease-oriented
approach. As a result, OncoLink now functions as a
major WWW resource for oncology and patient-ori-
ented cancer information.

The WWW can potentially support consistent and
effective health promotion and diesease prevention
strategies to both the health care provider and the
patient. The existence of easily accessible clinical and
patient information resources on the WWW will likely
change the traditional clinician-patient relationship
as both parties use these resources to educate and
inform themselves and each other about diagnosis,
therapy, and prognosis.

Conclusion

The WWW is an important, evolving informatics
technology that may have a significant impact on
biomedicine by dramatically improving the ease with
which we distribute and access information via the
Internet. The success to date of the WWW may be
attributed in large part to its ease of use, its platform-
independent client-server software, the wide avail-
ability of inexpensive WWW browser applications,
and its support of distributed hypertext and multi-
media. Use of the WWW for financial transactions
has resulted in the development of a number of tech-
nologies designed to make Internet-based commu-
nication secure. These encryption-based technologies
will facilitate the creation of secure wide-area access
to clinical information systems via the Internet. The
WWW represents a first, promising, step toward a
global information network that may radically alter
the way we retrieve and use information in the prac-
tice of medicine.
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APPENDIX

A Review of Medical Applications and the World Wide Web— An Emerging Health Care
Information Management Model: Selected WWW Servers Active as of 9/1/95

I. WWW Servers to Begin Internet Exploration

1.

II.

CMC Information Resources
http://www.rpi.edu/Internet/Guides/decemj/icmc/
toc3.html

. WWW GSearch Engines

http://web66.coled.umn.edu/WWWinfo/
meta-index.html

. WWW FAQ

http://sunsite.unc.edu/boutell/fag/www_faq.html

. WWW Project History

http://monge.univ-mlv.fr/History.html

. The Whole Internet Catalog

http://fgnn.com/wic/index.html

URLs for WWW Development

. WWW Development

http://www.charm.net/~web/Vlib.html

. A Beginner’s Guide to URLs

http://www.ncsa.uiuc.edu/demoweb/url-primer.html

. WWW Names and Addresses, URIs, URLs, URNs

http://lwww.w3.org/hypertextt WWW/Addressing/
Addressing.html

4.

5.

IIL.
. Netscape—A multiplatform WWW Browser

A Beginner’s Guide to HTML
http://www.ncsa.uiuc.edu/demoweb/html-primer. html

HTML Editors
http://akebono.stanford.edu/yahoo/Computers/
World_Wide_Web/HTML_Editors

URLs for Locating WWW Client Software

http://home.mcom.com/home/welcome.html
ftp://ftp.mcom.com/netscape/

. Mosaic—The Best-known WWW Browser

http://www.ncsa. uiuc.eduw/SDG/Software/Mosaic/Docs/
help-about.html
® MAC: ftp://ftp.ncsa.uiuc.edu/MAc/Mosaic/
® PC Windows: ftp://ftp.ncsa.uiuc.edu/Mosaic/
Windows ‘
® X Windows: ftp:/ftp.ncsa.uiuc.edu/Mosaic/Unix/
MacWeb—A full-featured Macintosh WWW Browser
http://galaxy.einet.net/EINet/MacWeb/
MacWebHome. html
ftp:/ftp.einet.net/einet/mac/macweb
Lynx—An ASCII Terminal WWW Browser
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tp:/ftp2.cc.ukans.edu/pub/lynx/

. Emacs—An Emacs Subsystem Providing a Means to

Browse the WWW That Runs under UNIX
http://www .sinica.edu.tw/simtel/
simtel_index_freemacs.html

- ftp://ftp.uu.net/systems/gnu/xemacs/

. URLs for Locating WWW Server Software
. CERN—The Original WWW Server

http://'www.w3.org/hypertexty WWW/Daemon/
Status.html

. MacHttp—A WWW Server for the Macintosh

http://mijuno.larc.nasa.gov/MHI/MacHTTPinfo. html

. Http for Windows/NT— A WWW Server for Windows/

NT
http://info.cern.ch/hypertextY WWW/HTTPS/
Status.html

. NCSA—A WWW Server for Files That Runs under

UNIX
http://info.cern.ch/hypertext/t WWW/NCSA_httpd/
Overview.html

. SerWeb—A WWW Server That Runs under Windows

3.1
http://riskweb.bus.utexas.edu/www.htm

. Netscape— A Multiplatform WWW Browser

http://home.mcom.com/
ftp://ftp.mcom.com/netscape/

Medical WWW Servers

. Martindale’s Health Science Guide—’'95

http://www-sci.lib.uci.edu/~martindale/HSGuide. html

. The Department of Pathology of the Uniformed Ser-

vices of the Health Sciences
http://wwwpath.usuf2.usuhs.mil/default. html

. The Virtual Hospital

http://vh.radiology.uiowa.edu/

. Morbidity & Mortality Weekly Report

http://www.crawford.com/cde/mmwr/mmwr.html

. Hospital Web

http://demOnmac.mgh.harvard.edu/hospital
web.html

. PDQ NCI Gopher

gopher://gopher.nih.gov:70/11/clin/cancernet/pdqinfo

. The Virtual Medical Center

http://www-sci. lib.uci.edu/~martindale/
Medical.html

. OncoLink (Penn)

http://cancer.med.upenn.edu:80/

. LUMEN Home Page: Loyola University Medical Edu-

cation Center
http://scuba. meddean.luc.edu:80/lumen/
Image Engine WWW Server
http://dublin.smi.med.pitt.edu/ImageEngine/
" ImageEngine.html

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

VI.
. American Medical Informatics Association

10.
11.

12.
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Medical Illustrators” Home Page
http://siesta. packet.net/med_illustrator/
Welcome.html

ANCPR Clinical Guidelines
http://text.nlm.nih.gov/ahcpr/ahcprc. html

CancerNet
http://biomed.nus.sg/Cancer/welcome.html

Clinical Preventive Services Guidelines
http:/text.nlm.nih.gov/cps/iwww/cps.html

HIV/AIDS Database
http://text.nlm.nih.gov/atis/list. html

Medical Sciences Bulletin
http://pharminfo.com/pubs/msb/
msbmnu.html#msb_contents

Virtual Library: Biosciences—Medicine
http://golgi.harvard.edu/biopages/medicine.html

MSDS Healthcare Standards Home Page
http://dumccss.mc.duke.edu:/ftp/standards.html

National Cancer Institute Home Page
http://www.NCI.NIH.gov//

Yahoo: Health: Medicine
http://akebono.stanford.edu/yahoo/Health/Medicine/

Pharmaceutical Information Network Home Page
http://pharminfo.com/pin_hp.html]

U.S. Department of Health and Human Services
http://www.os.dhhs.gov/

Medical Informatics Selected WWW Servers

http://amia2.amia.org/
CAMIS (Stanford)
http://camis.stanford.edu/
Columbia Medical Informatics
http://www.cpmc.columbia.edu/”ADD_DATE
Decision Systems Group (Harvard)
http://dsg.harvard.edu/

. Duke Medical Informatics

http://dmi-www.mc.duke.edu/default. htm

. MGH Laboratory of Computer Science (Harvard)

http://lcs-guide.mgh.harvard.edu/

National Library of Medicine
http://www.nlm.nih.gov/

OHSU Medical Informatics
http://www.ohsu.edu/

University of Pittsburgh Section of Medical Informatics
http://kappa.smi.med. pitt.edu/welcome. html

University of Utah Department of Medical Informatics
http://'www.medlib.med. utah.edu/medinfo/main.html

Vanderbilt Division of Biomedical Informatics
http://vumclib.mc.vanderbilt.edu/dbmi/

Yale Center for Medical Informatics
http://paella.med.yale.edu/
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