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Abstract:

MED1 is a fully implemented tool for constructing diagnosis
systems especially in the medical area. A model to diagnose
diseases provoking chest pain has been completed. It tries
to simulate the way physicians diagnhose and is capable of
explaining every reasoning step.

From other diagnosis systems using the techniques of Artifi-
cial Intelligence for representation of heuristic expert
knowledge, MED1 differs mainly regarding more flexibility in
hypothesis generation, reasoning with uncertainty and deci-
ding the necessity of technical diagnostic procedures.

The comfortable knowledge—-acquisition facility enables the
expert familiar with the structure of MED1 to communicate
his knowledge to the system without knowing anything about
LISP.

1. Introduction

The goal of the MED-project (MED stands for Meta - Ebenen
Diagnosesystem or Meta Level Diagnostics System) is the
development of a medical diagnostics system for a broad
domain of human diseases. The system should provide assis-
tance to the physician in making the rapidly increasing
medical knowledge availabhle for a particular case at hand.
avoiding overlooking rare diseases and minimizing diagnostic
inconveniences and costs.

We have now finished the development of a first model (MED1)
for diagnosing diseases associated with chest pain. This
paper presents an overview on the design criteria (chapter
2)», their implementation (chap. 3 and 4), and system=-per-
formance (chap.5). An example is given in tha appendix. For
detailed description see [Pup 83al, [Pup 83bl.

Because structure and functioning of MED1 are not specific
for 1its domain, it can be used as a tool for constructing
diagnostic systems in any domain, which was demonstrated
by MODIS [Bor 831 in the area of car-engine defects.



2 Design Criteria

MED1 1is based on the experience with the AIM (Artificial
Intelligence 1in Medicine) programs already completed. An
excellent review of these 1is given 1in [Szo 82]1. They
(including MED1) are characterized by a set of heuristic
rules associating findings with diagnoses without using
a complicated . causal model. Our design criteria were set
up with respect to specific deficiencies reported.

One of the major problems is to facilitate the expert's
interaction with the computer. To do without a "knowledge
engineer"™ requires (first design criterium):

1.1 a comfortable knowledge-acquisition facility
1.2 a comprehensive explanation facility

The second design criterium was to improve the weak control
structures of the known AIM systems. The backward-reasoning
of MYCIN [Sho 761 resp. EMYCIN [Mel 79] usually results in
thoroughly investigating all disease-hypotheses. Towards the
other extreme CASNET [WKAS 78] resp. EXPERT [WK 79] mainly
rely on forward-reasoning, thereby completely reevaluating
the knowlegde base when processing a new finding. Both pure
strategies are increasingly inefficient in Llarger domains.
The strict hierachy of MDX L[CGMS 79] can only be applied to
well=structured diagnostic problems. INTERNIST1T [MPM 82]
examines all of the diagnoses explaining at Least one of the
symptoms initially presented to the system. PIP [PGKS 761
seperates between active, semiactive and dormant hypotheses.,
but the simple trigger mechanism activating hypotheses is
not selective enough.

The consequences of a weak control structure are not wrong
diagnoses. Instead they restrict these systems to rather
small C(EMYCIN and EXPERT) or specialized (CASNET and MDX)
domains or vyield wunsatisfying diagnostic styles (PIP and
especially INTERNIST1). MED1 should he able:

2.1 to efficiently deal with a large knowledge base
2.2 to ask questions in a reasonable order
2.3 to arrive at the right diagnosis avoiding unneccary

questions and tests

The judgemental knowledge of experts (as opposed to statis=
tical data) has been proven to be a sound base of reasoning
with uncertainty. To support the expert in formalizing his
knowledge,» MED1 should provide powerful categorical and
probablistic reasoning concepts [SP 78]. That requires

3.1 representation schemes for structuring the way
from the initial findings to the final diagnosis.

3.2 avoiding imposing any restrictions on the expert
when quantifying his knowledge by providing reasoning



schemes making no a-priori assumptions
about the independence of rules (lLike MYCIN as
shown in [Ada 76]).

3. System Architecture and Execution Cycle

To meet the second design criterium, we chose a meta-Level
system architecture:
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Explanation:
(1) Control Level:
The core of MED1 dis the agenda, a List of all active
diagnoses ranked according to their ratings.

Two different ratings may be assighed to each diagnosis:

- an S-rating for suggesting disease hypotheses
- an E-rating representing the result of detailed evaluation



The S=rating is computed by forward=-rules accumulating
suggestive evidence thereby providing much more selectivity
than PIP's trigger mechanism.

Upon every execution-cycle (see fig. 2) the top diagnosis of
the agenda is activated and further explored. An execution-
cycle results 1in:

- elimination of the S=-rating and computation of a new
E-rating.

- several updated S-ratings of other diagnoses if the
system hit upon suggestive evidence.

(2) Diagnhosis Level

Once a diagnosis (actually an agent handling the diagnosis)
is activated, the diagnosis 1in turn activates one of its
procedures, interpretes the procedure's result and handles
interactions with other diagnoses. The last task will be
explained in more detail in chapter 4.3.

(3) Procedure Level

A procedure contains a reasonable part of the production
rules of one diagnosis. Its activation leads to a schematic
examination of its rules similar to the backward=reasoning
of MYCIN. Afterwards the control is returned to the diagno-
sis level.

Size and number of procedures for a diagnhosis are determined
by the expert enabling him to find a compromise between
complete evaluation of an activated diagnosis at the one
extreme and reevaluation of the agenda after each question
at the other (design criteria 2.2 and 2.3). We thereby avoid
asking possibly unneccary questions and frequently jumping
from one diagnosis to another.

(4) Finding Level

This basic level <consists of the primitive findings which
are the conditions of the production rules. Findings are
either asked directly from the user or derived from other
findings (e.g.: shock=index = heart beat frequency divided
by blood pressure).



The execution-cycle has already been mentioned. It is best
illustrated in a scheme:
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Explanation

The systems starts with a set of survey=-questions
evaluated by forward rules to initiate the agenda before
entering the execution-cycle, which 1is divided 1into four

phases:

Phase 1: Check of the termination criteria (true, when one
diagnosis is rated much higher than the rest.)

Phase 2: Activation of the top=-ranking diagnosis or techni-
cal investigation (see LlLater explanation). If
there is none, the system has to terminate too.

Phase 3: Exploration of the activated diagnosis. What happens
here will be explained in more detail in the next
section. The results are buffered in a variable
"newdata™.

Phase 4: Incorporation of the data from "newdata™ in the
agenda.

After termination the system informs the user about the
results (ausgabe).



4. Specific Mechanisms

In this section we describe in more detail how we achieve
the design-criteria (d. c.).

bale Strategy of asking questions (d.c. 2.2)

Generally the backward reasoning of the procedures deter=
mines the sequence of questions asked. When the system tries
to apply a rule the condition of which is still unknown-,
it asks the corresponding question (if the finding is not
derivable). Compared to the physician this strategy is too
much goal-directed. The following mechanisms enable MED1 to

cover the context of the symptom in question, too:

- We wusually do not employ yes/no, but more general
multiple-choice questions. Multiple answers are allowed.

- MED1 posesses facilities to build a hierarchy of ques-
tions. For every question the expert may fix an "askfirst"-
condition (usually a certain answer of another question)
which has to be met before this question can be asked.

= The expert may specify answers (findings) which trigger
follow=ubp auestions.

Example:

F70: W4 Wl W3 W¢

a—:;:f”t: I 1 F<wubers = question
Plowws | rzp FE3 P4
J W< mumber) = auswer - alleruative

FH -« W WL W3

askfivst
follow-up

F?S

Explanation:
The system -evaluates a rule containing as condition (F71 =
W1). The askfirst=condition of F71 is (F70 = W1). If the
user's answer to F70 is W1 and W4, the system asks in addi=-
tion to F71 the question F74 as follow-up of (F70 = W&4).

Apart from asking related questions together., these mecha-
nisms greatly increase the <chance to discover unexpected
findings. These are evaluated by forward rules suggesting
new hypotheses as mentioned above (explanation of control

level).



L.2 Reasoning with Uncertainty (d. c. 3.2)

our model for reasoning with uncertainty 1is a modified
version of the model introduced by MYCIN. The main features
of our model are (1. and 2. similiar to MYCIN):

1. Positive and negative evidence is evaluated by different
rules.

2. The correlation between findings and conclusions (e.g.
diagnhoses) is expressed in rules based on estimations of
experts. The rules specify how many points (representing
diaghostic importance) the findings or combinations of
findings contribute to the disease accounts. The higher
its score, the higher the probability of the diagnosis.

3. For interpreting the score of a disease account, the ex-
pert specifies an evaluation scheme to calculate the to-
tal probability (rating) of the conclusion.

The Llast feature deserves attention. ALl other diagnosis
systems following the approach of MYCIN use a strict
combining scheme, e.g.:

Let P = the combined evidence=value of a conclusion
P1 = the old evidence=-value
P2 = the evidence=value of a new rule

MYCIN calculates the combined evidence-value by a formula:
P =P1 + (1 - P1) * P2 if P2 >= 20 %
P = P1 if P2 < 20 Z

CASNET uses a different formula:
P = maximum (P1, P2)

A strict combining scheme 1is only correct if certain
assumptions hold about the relations of several rules
belonging to one conclusion, e.g. complete independence
(MYCIN) or dependence (CASNET).

To avoid such assumptions MED1 transforms the score of a
disease account 1into one of several (currently seven)
probability classes (ratings) from “excluded" to "confirmed"
This evaluation scheme may be specific to each conclusion.

Besides, we think this model facilitates the difficult
task of quantifying medical knowledge by dividing it into
two steps (the expert can specify some score for each
individual rule and the evaluation scheme seperately).



4.3 Structuring the Knowledge-Base (d.c. 2.1 and 3.1)

Usually the diagnostician does not relate findings directly
to specific diagnoses. Instead he first recognizes patho-
physiologic states connecting the findings with the specific
diagnhoses by causal or hierarchical relations.

In MED1 these concepts are represented as intermediate
diagnoses while their relations are expressed in diagnosis
to diagnhosis rules. Flexibility results from the different
types of rules: forward or backward=-activation, adding
points to the S- or E-score.

Example: To build up a hierarchy MED1 provides two mecha-
nisms: the parent diagnosis may transfer an arbitrary amount
of points to the S= or E=score of its children. A resulting
high S=-rating only initiates exploration, whereas an in-
creased E-score additionally represents some belief in the
child=-diagnosis.

But there 1is one important difference to the ordinary
finding=-to-diagnosis rules: MED1 explores diagnhoses 1in
several steps (procedures). The E-rating of a diagnosis may
change during a session. Therefore the condition of a
diagnosis-to-diagnosis rule can be true or false depending
on the time when the rule is checked. We have addressed this
problem by making sure that conclusions can only be drawn
from the E-rating of a diagnosis when the score is unlikely
to change considerably, i.e. when a special score represen-
ting the degree of diagnostic completeness has surpassed a
threshold. Vvary rarely major changes happen even after-
wards, making the conclusion wrong. Currently MED1 has no
thruth maintenance system to correct premature conclusions
but only prints a warning to the user.

(A Technical Investigations (d. c. 2.3)

Technical investigations (tech. invest.) are powerful dia=-
gnostic means but often expensive, risky or inconvenient.
Their use requires special justification. MED1 reflects this
by treating them as independent entities and incorporating
them 1in the agenda, where they are ranked according to a
score representing strength of 1ndication. Only upon
reaching the top position they are proposed by the system.

When it is desirable or necessary to make a tech. invest.
(laboratory test, x-ray etc) to clarify a diaghostic pro-
hlem, the suspected diagnosis indicates (activates) it by
transferring a certain amount of points (representing
strength of 1indication) on an account of this tech. invest.
Other rules score the involved risks and costs. Additional-
ly, there 1is a <check on contraindications. The resulting
balance of the account determines the position of the tech.



invest. in the agenda.

The goal and effect of this complex mechanism 1is to
delay tech. dnvest. until no other diagnostic options
are lLeft while the problem is still unresolved. However., its
full power would result from the introduction of therapeutic
options in the agenda to compete with tech. i1nvest.

45 Differential Diagnosis and Multiple Diseases

High ratings of more than one diagnosis can be due to
multiple diseases or reflect the similarity of several
competing disease~hypotheses. INTERNIST1 solves the latter
problem by defining problem areas consisting of diagnoses
explaining the same findings (of which only one may be
true). PIP provides for each diagnosis a list of differen-
tial diagnoses. Our approach is somewhat similiar to PIP: we
use diagnosis-to-diagnosis rules to increase the difference
between conpeting diagnoses. However., if upon termination
there 1is more than one probable hypothesis, MED1 lets the
user interpret the result.

L.6 Termination Criteria
MED1 terminates if

- one diuwgnosis 1is confirmed. or
- one diagnhosis 1is very probable and no other diagnosis
appears to be Likely (in both cases the user has the
oxtion to have MED1 continue 1its diagnhostic course). or
- the agenda 1s empty (ho promising diagnhostic options
are left). '

These <c¢riteria are adequate for our domain (chest-pain).,
where mnmultiple diseases are rare. Extension of the domain
requires more sophisticated termination c¢riteria (e.g.
INTERNIST1). However substantial improvement can only result
from a deeper causal wunderstanding and incorparation of
therapeutic options.



4.7 Explanation Facility (d. c. 1.2)

The explanation facility illustrates and explains every
reasoning-step taken by MED1, thereby reflecting its archi-
tecture.

The main explanatory options are:

- State of agenda
- Explanation of both E- and S-ratings of each diagnosis

in terms of all rules evaluated as "true"
- Steps of reasoning from the current question to the hypo-
thesis under investigation

In addition, the wuser <can ask questions concerning the
underlying medical knowledge:

- The meaning of a finding, in terms of all rules drawing
conclusions from this finding

‘= The profile of a diagnosis, i.e. all the findings contribu-
ting various amounts of evidence (points) to this diagnosis

- The indication-mechanism of technical investigations

4.8 Knowledge=-Acquisition Facility (d. ¢c. 1.1)

The knowledge-acquisition requires the expert to be familiar
with the structure of MED1, but not with LISP. To facilitate
the expert's work, well structured and readable listings of
the knowledge base are printed by the computer. If you
visualize the knowledge-base as a network., the expert first
specifies the nodes (questions, intermediate states, techni-
cal investigations and diagnoses and its procedures) guided
by the computer. Then he establishes the LlLinks (the various
kinds of rules) by using shorthands to refer to the nodes.
Because syntax-checks and proper updating are done by the
computer, this part 1is Llittle time-consuming. A special
service 1is the possibility to <change the knowledge base
during a session enabling the correction of faults imme-
diately after detecting them. This will be demonstrated in
the example.

10



5a Performance

MED1 is fully 1implemented 1in Interlisp and runs on a
Siemens computer under the operating system BS 2000. Cur-
rently the medical knowlege base enables MED1 to diagnose
diseases provoking chest pain. ALL of the about 20 diagnoses
have been -tested with simulated patient's records yielding
satisfying results with respect to finding the right diagno-
sis and diagnostic style. We have no psychological problems
with the response time even when interpreting the LISP-code.

A second model for diagnosing car-engine defects has bheen
implemented wusing MED1 as tool. The experience with MODIS
has shown that even a doubled knowledge base doesn't
substantially Lengthen the response time.

The storage requirements for MED1 are about 300 K bytes for
the general system (including the knowledge=-acquisition
facility) and 300 K bytes (chest pain model) or 600 K bytes
(car engine model) for the knowledge base, respectively.

6. Conclusions

MED1 introduces several innovations over other AIM systems:

- Its powerful meta-level control structure can deal with
Large knowledge bases and secures a reasonable diagnostic
style.

- MED1's mechanisms for reasoning with uncertainty avoid
any a=-priori assumptions and facilitate the difficult
task of quantifying medical knowledge by dividing it
into two steps.

- MED1 has a special mechanism for indicating technical
investigations, treating them as independant entities.

It also demonstrates the need of additional mechanisms Like
a truth=maintenance system and the incorporation of thera-
peutic options before making the final diaghosis.

Like the other first generation AIM systems MED1 lacks
adequate representation of causality-time and anatomy. Fur-
ther 1improvements require progress in these areas and will
characterize the second generation.

11
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