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Since the early days of medical
informatics (when that term, in fact,
did not exist assuch), therehasbeena
continuing interest in automating
medical diagnosis. The clinical-diag-
nosis task is now considered by the
knowledge-modeling community asa
very complex, domain-specificversion
of the generic classification task, not
unlikedetectionof anomaliesindigital
circuits. Thediagnosi stask had seemed
to often be the first to be tackled
enthusiastically by newcomersto the
medical-informatics field, especialy
thosefromthemoremathematical and
computational sciences. However, the
clinicians themselves did not always
equally sharethat enthusiasm, feeling
that management of patients, rather
then simply classifying their initial
problem, wasthereal issue. That fedling
was indeed supported by formal and
informal surveys regarding the infor-
mation needs of physicians.

Over the past two decades, it has
become increasingly clear that sup-
porting clinical therapyand continuous
management, and in particular, en-
hancing the quality of that therapy by
multiple runtime gquality-assurance
and retrospective quality-assessment
methods, is the major new frontier.
The encounter of the overwhelming
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majority of patientswiththeir clinicians
is not the first one. Thus, often the
issue at stake is not to classify the
patient asadiabetestypell patient, but
rather to make the difficult decision,
based onpast clinical courseand present
clinical data, how to manage that
patient. Most of the health-care costs
are now spent on management of pa-
tients who suffer from chronic condi-
tions such as cardiovascular diseases,
diabetes, pulmonary diseases, andchronic
infectious diseases (e.g., AIDS).

The four papers in the Knowledge
Processing and Decision Support
category present four different aspects
of tackling the various facets of the
clinical-management task:

a. Increasing the use of preventive
careinhospitalized patients, by using
computerizedremindersintegrated
within an order-entry system
[Dexter et al., 2001];

b. Analyzingindepththerelationship
between the approach of sharing
procedural clinical knowledge
regarding continuous, long-term
medical care, representedasclinical
guidelinesinthe GLIF3 language,
withthat of usingone-timeremind-
ers, represented asindividual rules
in the Arden syntax [Peleg et al.,
2001];

c. Increasing our insight and knowl-
edge regarding the management of
patientswhohaveheadinjuries, by
exploiting not only initial, “ demo-
graphic,” data, but also accumu-
lating, time-oriented clinical data;
and by discussing the deeper
meaning of thesedatawithmedical
experts, using the structure of
decision-trees induced automati-
cally from a database of patients
who have had head injuries
[McQuiatt et al., 2001]; and

d. Continuously assessingthequality
of surgical care, using a risk-
adjusted cumulative sum method
that quickly and graphically zeroes
inonchangesinsurgical outcomes,
thuspotentialy supportingremedial
measures [Steiner et al., 2001].

Much of the major progress over
the past several years in the task of
supporting patient management has
occurred in the area of automated
support toguideline-based care. Thus,
abrief overview of the state of the art
in that areawould be useful.

Clinical guidelines (or Care
Plans) are a powerful method for
standardizationand uniformimprove-
ment of the quality of medical care.
Clinical guidelines are a set of sche-
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matic plans, at varying levels of
abstractionand detail, for management
over extended periodsof patientswho
haveaparticularclinical condition(e.g.,
insulin-dependent diabetes). Clinical
protocolsaretypicaly highly detailed
guidelines, oftenusedinareassuch as
oncology and experimental clinical
trials. Remindersand alertscan be
viewed as “mini guidelines’, useful
mostly for representing a single rule
that needs to be applied whenever the
patient’ srecordisaccessed, asopposed
to representation of a long-term plan
[Pelegetal., 2001]. Their effectiveness
(as part of an automated system) in
outpatient carehasbeendemonstrated
repeatedly, but the paper featured in
this section demonstrates forcefully
thatthey arehighly effective(especialy
for promoting preventivecare, suchas
pneumococcal vaccination) also in
hospital environments [Dexter et al.,
2001]. Itisnow universally agreedthat
conforming to state-of-the-art guide-
lines is the best way to improve the
quality of medica care, afact that had
beenrigoroudy demondrated[ Grimshaw
and Russdl, 1993], whilereducing the
escalating costs of medical care.
Clinical guidelines are most useful at
the point of care (typically, when the
care provider has access to the
patient’ srecord), suchasat thetimeof
order entry by the care provider.

Theapplicationof clinical guidelines
by care providers typically involves
collectingandinterpretingconsiderable
amounts of data over time, applying
standardtherapeuticor diagnosticplans
in an episodic fashion, and revising
those plans when necessary. Clinical
guidelines can be viewed as reusable
skeletal plans that, when applied to a
particular patient, needtoberefined by
a care provider over significant time
periods, while often leaving consid-
erable room for flexibility in the
achievement of particular goals.
Another possible view, however, is
that clinical guidelines are a set of

constraints regarding the process of
applying the guideline (i.e., care-
provider actions) and its desired out-
comes (i.e., patient states), that is,
process (care-provider action) and
outcome (patient state) intentions
[Shaharetal.,1998]. Theseconstraints
aremostly temporal, or at least havea
significant temporal dimension, since
most clinical guidelines concern the
care of chronic patients, or at least
specify acare plan to be applied over
asignificant period.

Mostclinical guidelinesexistonlyin
free-text format and are inaccessible
tothephysicianswho most need them.
Evenwhenguiddinesexistineectronic
format, and even when that format is
accessible online, physicians rarely
have the time and means to decide
which of the multiple guidelines best
pertains to their patient, and, if so,
exactly what does applying that
guidelinetotheparticular patient entail.
Furthermore, recent hedth-care or-
ganizational and professional devel op-
ments often reduce guideline acces-
sibility, by creating a significant
information overload on health care
professionals. These professionals
need to process more data then ever,
in continuously shortening periods of
time. Similar considerations apply to
the task of assessing the quality of
clinical-guidelineapplication.

To support the needs of health-care
providers as well as administrators,
and ensure continuousquality of care,
moresophisticatedinformationprocess-
ingtoolsareneeded. Duetolimitations
of state-of-the-art technologies,
analyzing unstructured text-based
guidelinesisnot feasible. Thus, there
isanurgent needtofacilitateguideline
dissemination and application using
machine-readabl erepresentationsand
automated computational methods.

Several of themagjor tasksinvolved
in guideline-based care, which would

benefit from automated support,
include specification (authoring) and
maintenance of clinical guidelines,
retrieval of guidelines appropriate to
each patient, runtime application of
guidelines, and retrospective assess-
ment of thequality of theappli cation of
theguidelines.

Supporting guideline-based care
impliescreation of adialog betweena
careprovider andanautomated support
system, each of which hasitsrelative
strengths. For example, physicianshave
better accessto certaintypesof patient-
specific clinical information (such as
their odor, skinappearance, and mental
state) and to general medical and
commonsenseknowledge. Automated
systemshavebetter and moreaccurate
accessto guideline specificationsand
detect more easily pre-specified
complex temporal patterns in the
patient’sdata. Thus, the key word in
supporting guideline-based care is

synergy.

Several approaches to the support
of guideline-based care permit hyper-
text browsing of guidelines via the
WorldWideWeb[Barnesand Barnett,
1995] but do not directly use the
patient’s electronic medical record.
Several simplified approaches to the
task of supportingguideline-based care
that do use the patient’s data encode
guidelines as elementary state-
transition tables or assituation-action
rules dependent on the electronic
medical record, aswasattempted using
the Arden syntax [Sherman et. al.,
1995]. An established (ASTM)
medical-knowledge representation
standard, the Arden Syntax (Hripcsak
etal.,1994), representsmedical knowl-
edge as independent units called
Medical Logical Modules (MLMs),
and separatesthegeneral medical logic
(encoded in the Arden syntax) from
the institution-specific component
(encoded in the query language and
termsof thelocal database). However,
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rule-based approaches, such as
MLMs, typicaly do not include an
intuitive representation of the guide-
line' sclinical logic, haveno semantics
for the different types of clinical
knowledgerepresented, lack theahility
toeasily represent and reuseguiddines
and guideline components as well as
higher, meta-level problem-solving
knowledge, cannot represent intended
ambiguity (e.g., whenthereareseveral
options and several pro and con
considerations, but nosingleactionis,
or shouldbe, clearly prescribed) [Peleg
et al., 2001], and do not support
applicationof guidelinesover extended
periodsof time, [Peleg et al., 2001] as
is necessary to support the care of
chronic patients. Ontheother hand, as
Peleg et al. also point out, such
approaches do have the advantage of
simplicity when only asingle alert or
reminder iscalled for, and the heavier
machinery of higher-level languages
is uncalled for and might even be
disruptive. Thus, they might beviewed
ascomplementary tocomplexguideline
representations.

Duringthepast 20years, therehave
been several efforts to support com-
plex guideline-based careover timein
automated fashion. Examplesof archi-
tecturesand representation languages
include ONCOCIN [Tuet. al., 1989],
T-HELPER [Musen et. a., 1992],
DILEMMA [Herbert et. a, 1995],
EON [Musen €t. al., 1996], Asgaard
[Shahar et al., 1998], PROforma [Fox
etal., 1998], theguidelineinterchange
format (GLIF) [Ohno-Machadoet al.,
1998; Peleget al ., 2001], theEuropean
PRESTIGE project [Gordon and
Veloso, 1996], and theBritish Pradigy
project [Johnson et al., 2000].

Most of the approaches can be
described as being prescriptive in
nature, specifying what actions need
to be performed and how. However,
several systems, suchasMiller'sVT-
Attendingsystem[Miller, 1986], have
used a critiquing approach, in which

the physician suggests a specific
therapy plan and gets feedback from
the program. The Asgaard project
[Shahar et al., 1998] uses the Asbru
language, which supports both an
expressive, time-oriented, prescriptive
specification of recommended inter-
ventions, and a set of meta-level
annotations, such as process and out-
comeintentionsof theguidelines,which
support also acritiquing approach for
retrospective quality assessment.
Access to the original process and
outcome intentions of the guideline
designers supports forming an auto-
mated critique of where, when, and by
how much the care provider seemsto
be deviating from the suggested
processof applyingtheguideline, and
in what way and to what extent the
care provider's outcome intentions
mightstill similartothoseof theauthor’s
(e.g., she might be using a different
process to achieve the same outcome
intention). Thus, effective quality
assessment includes searching for a
reasonable explanation that tries to
understandthecareprovider’ srational
by comparing it to the designrational
of theguideline sauthor. (Itisperhaps
aspecific instance of arather general
observation, that critiquinganagent’s
actionsmust alwaysincludeat leastan
attempt to understand that agent’s
reasons for such actions).

Other recent approachesto support
guidelineuseat thepoint of careenable
a Web-based connection from an
electronicpatientrecordtoanHTML -
based set of rules, suchasisdoneinthe
ActiveGuidelines model [Tang and
Y oung, 2000], whichisembeddedina
commercial electronicmedical record
system. However, such approaches
have no standardized, sharable,
machine-readable representation of
guidelines that can support multiple
tasks such as automated application
and quality assurance, and are not
intendedfor representation of complex
care plans over time. A recent

framework, GEM, enablesstructuring
of atext document containingaclinical
guideline as an extensible markup
language (XML) document, using a
well-defined XML schemal[ Shiffman
et a., 2000]. However, GEM is an
application running on a stand-alone
computer, andtheframework doesnot
support any computational tools that
can interpret the resulting semi-
structuredtext, sinceitdoesnotinclude
aformal languagethat providesaclear
computational model. Thus, it seems
that the future lies with architectures
that support the full life cycle, from
guideline specification by experts,
through a computabl e representation,
toalocally customizedguiddine, GLIF3
is one of the architectures supporting
such alife cycle [Peleg et al., 2001].

In summary, there is a clear need
for effectiveguideine-support tool sat
the point of care and at the point of
critiquing, whichwill rlievethecurrent
information overload on both care
providers and administrators. To be
effective, these tools need to be
grounded inthepatient’ srecord, must
use standard medical vocabularies,
should have clear semantics, must
facilitateknowledgemaintenanceand
sharing, and need to be sufficiently
expressive to explicitly capture the
design rational (process and outcome
intentions) of the guideline' s author,
whileleavingflexibility at application
time to the attending physicians and
their local favorite methods.
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