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A rule-based expert system is described which
uees artificial intellieence techniques, and a model of
:he iateractica between phesiciane and human consul-
:ants, to attempt to satisfy the demands of a user
:o=unIr7 that is often reluctant to experiment with
touter zecnnology. Experteace to date has demon-
strated that the program is efficient, relacively easy
to use, and reliable in the domain ofbacearemei therapy
selection. Future work will involve broadening dad
evaluatim; tne program's expertise in other areas of
infectaoue disease therapy. Te that end rules regard-
tr; diae=osis and teeatmeat of =eniegitis have been
.=:ittea aee are eer:encly ender evaLaa•aon.

Ihtreductioa 

Few eotentialusereopulations are as demanding of
tomeuter tecenology as are practicing physicians. This

our to a variety of factors which include the
,eysecian's independeace as a lone decision maker, the
seriousaess wieh which he views actions that may often
have life-and-Ceach sigaifizance, and the overwhelming
:t.me demazds which tend to make him impatient with any
innovation that breaks up the fieely-tuned flow of his
daily routine. Yet as medical science has exeacded,
the individual practitioner has become increasingly
less able to =aaage all the exeertise he needs if he is
to provide modern medical care. Consultation from sub-
specialists has therefore become a ccmmon and accepted
par: of eraci.loe for those physicians forrumate enough
to have ease access to the kinds of expertise teey need.
Aeay tie= liege urban or academic centers such consul-
tative advice may be =ore difficult to obtaie, and it
is partly for this reason that efforts have been made
to develop co=pucer programs with sufficient sub-
specialty expertise to :unction in a reliable consulta-
tive role.

Despite the medical professions' common reluctance

to experieent with clinical comoutingl, =any censulta-
:ice proerams have failed to e=phasize the development
of mechanisms for enreuraging their use by physicians.
:n desigilene the nzcIN program, a clinical consultation
system, we have attempted to recognize the need to
place tee ultimate medical decisions in the hands of
:he physician. '?CN includes mechanisms so thac the
ioctor may understand not only the program's advice,
put also the bases on which the relevant clieical
dectsions were reached. Such an understamciee is en-
7our3ged by allowing the physician to maimtain the
initiative threughout the consultation, with an ability
ta request clarification or justification of puzzling
points along the way. This proLess parallels the
±amiliar form of dialog and advice from a human consul-
tant (Fie. 1) and is thereey less threatening than a
system whica siraelv submete doc=a. XY::N's area of
eseertise is the seleztion of antimicroeial theraoy for
eatients with severe infections. This paper briefly
1...e=artzes :ne MYCIN system and discusses its deer to

reisonine tec:miaues fro= the field of arti-
..cial intellieence.
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Fieure 1 - Diagram summa-izing the flow of information
between physician and expert in the human
consultation process. (Figure reproduced
from reference 10).

Artificial Intelligence 

Artificial iraelligence (Al) is a subfield of
computer science in which the emphasis or the research
is on symbolic reasoning rather than numoerical com-
putations. In many respects the name "ar-'"eial
intellingence" is unfortunate because it conjures up
threatening images of superhuman machines that
challenge those capabilities of mankind that have long
been thought to be uniquely human. A recent book by a

respected computer expert has examined the field in
detail and has generated a great deal of discussion not

only about what computers could do but should do3.
Techniques developed by researchers in Ai, however,
have great potential for applieatioa to_problems_ia_ _ _
medital_AriniSien ea 4 hg e/eme  a sali nunoerof
researchers, most of anon nave had experience rooted in
traditional comoucatiocal approaches to medical
decision making, have begun to recognize the need for
comeuter "understanding" of the clinical domain of
interest if useful diagnostic tools are to be

deve1oped4. They point out that capabilities su-h as
heuristic search through large numbers of possible
decisions or actions, computational approaches to
natural language understanaine and generation, and
issues of representation for inferential knowledge
(all major AI research areas) are central to the pro-
blem of giving a czeouter program a knowleage of
medicine at a conceetual level. Sucn capabilities
might allow the program a spectre of creativite and
"humacess" that would ma term make it an acceetable
tool for physicians. Several recent researcn projects
have teerefore begun to examine the use of symoolic

reasoning techniques in medical domains 5-8. An over-
view of AI and its relationeele to medical Problem

solving is available elsewhere 
9
.



The MYCIN Svetem 

MYCIN is a LIS? program designed to serve as a
clinical consultant on the subject of therapy selection
for patients with infections. The program may be en-
visioned as interposed between the expert and nonexpert
in much the way that the large box is positioned in
Fig. 1. The difference is that the human exnert can
offer only general knowledge to the erogram, not
patient-specific decisione. The program tnus becomes
the decision =akar, using general medical knowledge
fro= experts to assess a specific patient and to give
advice plus explaaaciocs for its judgments.

Fig. 2 details the organization of MYCII relative
to the human consultation process depicted in Fig. 1.
As before, the nonexpert offers data about his patient
and in return receives both advice and, wnen desired,
information via one of two internal explanation
=echanisms (the "Generil Question-Answerer" or the
"Reasoniag Status Checker"). The basis for all
decisions is domain-specific knowledge acquired from
ex?erts ("Sratic Knowledge"). A group of computer
programa (tna "Rule Iataroretee") uses this knowledge,
and data about the specific patient, to generate con-
clusions and, in turn, therapeutic advice. It simul-
taneously keeps a record of waat has happened, and this
record is available to the exnlanation routines if the
physician asks for justification or clarification of
some conclusion the progren has reached. The details of
this system oreanization have been discussed in another

publi scion

The three principal desiga goals which motivated
the design shown in Fig. 2 were that MYC:N should a)
give clinically useful advice, b) explain decisions
when asked to do so, and c) acquire domain-specific
knowledge directly from experts. Thus tnera are three

interrelated ?arts to the MYCIN system 
8 11

(1) A Consultation System that uses the knowledge base,
along with patent-related data entered by the ehysician
to generate therapeutic advice (see references 9-12);

(2) An Exnlanation System (the general question-answerer
and the reasoning status checker) that explains the
reasoning used during the zensultation and docents
the motivation for questions asked or the rationale for
conclusions reached (see reference 12): and

(3) A Knowledee Accuisitien System that enables experts
in antimicropial tnerapy to update MYC:N'e static know-
ledge base without requirin3 that they know how to
program a computer (see references 11, 14).

Evaluation

It is important to avoid premacure introduction
of a program in its real-world environment. This is
;eche?, particularly true la medicine, where physician
resistance to computer-assisted decision making is al-
ready so great that an "experimental" system ohlch per-
forms poorly is apt to generate insurmountable biases,
regardless of how good its perfor=aace eventually
becomes. Before MYCIN can be introduced for clinical
use, we therefore believe it must be crown that tee
program recommends either the same there?w as eenerte
do, or recc=mends an alternate, lqually acce?taole
regimen. Thie issue breaks ao,..m into a eu=aer of
coneonencs which oust be analyzed separately.: does
the program Adequately decide ...nether the patient
needs treatment in the first ?lace? does it ask any
irrelevant cuestions? does it ignore important
euestions? does it correct!' conclude what bactaria
are sot to be causing the patient's disease? is its
tnera?eutio negi=en apprzoriate for the bacterial
eateogens it feels may be present?

In an effort to answer :nese questions regarding

2

MYCIN's performance in the do=ala of bacteremaa theraoe,

a prospective study of 13 consecutive patience with

positive blood cultures was undertaken. The same set

of patient data was provided both to MYCIN and to ten

experts in infectious disease therapy. The evaluaticn

data are presented in detail elsewhere 
15
, but in

general they show that the program provides good advice

most of the time and that its pertormance closely
approaches that of subspecialists in the clinical
domain.

Limitations 

One of MYCIN's principal limitations is shared
by all clinical consultation programs - - it requires

that the physician take the initiative in asking for an

interactive session. Despite attention that may be
paid to "human engineering" issues during the develop-
ment of such programs, physicians seldom choose to use
computers tor taska they feel they can do themselves-.

Evidence that the medical profession may be failing to
perform a job optimally (reviewed in reference 15 for
?TfC:N'e domain) may not be sufficiently compelliae for
the indiviaual practitioners to seek out a program's
advice. Programs which can monitor physician prescrib-
ing habits automatically, and generate warnings ween

appropriate 
16
, may thus be more likely to influence

physicians and the general quality of patient care.

The MYCIN approach is also limited by its complex
control structure and representation saneme. These are
probably unnecessary for medical inference casks in
which uncertainty and incomnlete knowledge are uncommon
occurrences. Until. the MYCIN formalism has been tested
on other medical decision problems, however, it will be
difficult to predict what proportion might be handled
more directly by other techniques. Furthermore, the
efficiency advantages of approaches relying more
heavily on statistical theory must be weighed against
the importance of the natural mechanism for explanation
and knowledge modification that may be achieved through
MYCIN's representation of knowledge in the for= of

production rules 
17
.

Another limitation results because MYCIN currently
requires more computing power and memory than is rea-
sonable to expect to find in most hospital computing
environments. Although the DEC PDP-10 on which we
currently operate has been a powerful research machine
for development of MYCIN, we are hopeful that the
program may eventually be adapted to run on smaller
machines. Alternatively, networking technology may
allow a single large machine to be shared by a large
number of clinical users over a ;ride geographic area.
At present, however, the system functions solely in a
research environment, and long range cost estimates
are therefore not feasible.
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Figure 2 - Diagran summarizing the organization and flow of information

within 1YC. The correlation between this design and the

human consultation process depicted in Fig. 1 is discussed

in the text. (Figure reproduced from reference 10).
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