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1. Introduction

CADIAG-II is a consultation system
in internal medicine which was develop-
ed at the Department of Medical Com-
puter Sciences, University of Vienna
Medical School. The CADIAG project
was started with a system based on Boo-
lean logic in 1968 [1]. This was followed
by the system CADIAG-I, in which
first-order predicate calculus formulas
were used to define relationships be-
tween symptoms and diagnoses [2]. In
1980, Adlassnig described a new con-
cept for a successor system based on 
fuzzy set theory to formalize symptoms
and diagnoses and on fuzzy logic as the
processing mechanism [3]. Named 
CADIAG-II, the new system was im-
plemented in 1982 and was completely
incorporated into the medical informa-
tion system WAMIS in 1984 [4]. It was

continuously improved in the following
years [5-9].

CADIAG-II is the predecessor of a
series of new approaches to a more 
generalized medical consultation system.
The current development of MED-
FRAME, the latest successor of the
CADIAG project, includes a highly-
structured object-oriented patient and
knowledge base [10, 11], a more general-
ized use of fuzzy set theory in symptom
generation [12], a broader definition of
relationships between medical entities
[13], and a more generalized use of 
fuzzy logic as inference mechanism [14].

In CADIAG-II, symptoms and dia-
gnoses are formalized as fuzzy sets,
which are characterized by fuzzy mem-
bership functions [9, 15]. If a symptom
is a symbolic description of a medical
datum x (e.g., the result of a laboratory
test), the membership function �: 

X � [0,1] assigns to every possible x�X
a degree of membership of x in S. Thus,
� expresses the degree of compatibility
of a measured or observed finding x
with linguistically expressed symptoms.
In a given patient with the finding x,
symptoms may either be definitely pre-
sent (� = 1), partially present (0<�<1)
or definitely absent (� = 0).

Relationships between symptoms
and diagnoses are characterized by two
aspects: (1) the frequency of occurrence
degree; (2) the strength of confirmation
degree, both of which also take fuzzy
values in [0,1]. Frequency of occurrence
degrees of 1 or 0 are assigned to symp-
toms which definitely must be present
or absent in order to establish a diagno-
sis, and the interval ]0,1[ is used to 
describe the frequency of occurrence of
a symptom in a diagnosis. Strength of
confirmation degrees of 1 or 0 are assig-
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ned to symptoms which definitely con-
firm or exclude a diagnosis and the 
interval ]0,1[ is used to describe the 
extent to which a symptom confirms a
diagnosis.

Relationships between symptoms
and diagnoses are formalized as diagno-
stic rules, where symptoms are antece-
dents and diagnoses are conclusions. A
diagnostic rule may have only one 
variable in the antecedent (simple S-D
relationship) or a logical combination
of several variables forming the antece-
dent (complex S-D relationship). Logi-
cal combinations of variables and rules
are calculated with the use of fuzzy ope-
rators. If a specific diagnosis D is sup-
ported by different rules with the con-
clusions ci � [0,1], i = 1,..,n, the degree of
presence �PD of the diagnosis D in a 
patient P is calculated as �PD = max ci
(except that if ci = 0 in any of the rules,
�PD: = 0). Thus, �PD also takes values in
[0,1] and diagnoses can therefore be 
definitely confirmed (�PD = 1), exclu-
ded (�PD = 0), or diagnostic hypotheses
made (0<�PD <1). 

In a given patient, different diagno-
stic hypotheses may be ranked by using
two different ranking procedures. With
the first procedure, the diagnosis with
the maximum degree of presence �PD, 
is ranked first. With the second proced-
ure, diagnoses are ranked according to
a ranking score, which takes the num-
ber of symptoms supporting the diagno-
sis and their frequency of occurrence
and strength of confirmation degrees
into account [4].
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The list of diagnostic hypotheses can
be shortened by using a hypothesis
threshold. If a threshold t � [0,1] is used,
diagnostic hypotheses are displayed 
only if �PD � t.

The rheumatological knowledge base
of CADIAG-II was first developed by
Kolarz as a knowledge base for the 
system CADIAG-I and was later modi-
fied and expanded for the CADIAG-II
system [16]. It currently contains 1126
symptoms (261 symptoms of patient 
history, 519 signs from the general and
rheumatological physical examination,
183 laboratory test results, 89 X-ray 
findings, 56 biopsy and histological 
findings, and 18 other test results) and
170 documented diagnoses. In Table 1,
the numbers of documented diagnoses
are compared to total numbers of known
diagnoses in different rheumatological
classes according to an unpublished
classification of rheumatic diseases 
developed by one of the authors (G.K.).
The total numbers of simple and com-
plex S-D relationships are 16,040 and
60, respectively. To evaluate the system
CADIAG-II/RHEUMA, a large data-
base of patient charts from a 140-bed
rheumatological hospital in Baden/
Austria was subsequently created. The
database currently contains the data of
more than 3500 patients with a large 
variety of rheumatological conditions.

CADIAG-II/RHEUMA was first
evaluated in 1986, in 322 patients who
were treated for rheumatoid arthritis
(RA), Sjögren’s syndrome, ankylosing
spondylitis, systemic lupus erythemato-

des, gout, and progressive sclerosis [17].
Depending on the patients’ diagnoses,
the percentage of correctly diagnosed
cases ranged from 38.3% (gout) to
90.6% (ankylosing spondylitis). The
overall performance of 81.7% correct
diagnoses was satisfying, but several 
limitations of the system were identi-
fied, including incomplete or incorrect
patient histories, the difficulty to define
borderlines between normal and abnor-
mal findings, limitations in terms of co-
vering all symptoms and diagnoses that
may occur, overlapping and concomi-
tant diseases, and especially the effect
of therapy in modifying the clinical 
appearance of a disease.

In three studies [18-20], complex dia-
gnostic rules based on the 1958 diagno-
stic criteria for RA and the 1987 revised
criteria for the classification of RA,
both of which were published by the
American College of Rheumatology,
were evaluated. 

In one study [18], which included 150
RA patients and 150 patients with other
rheumatic diseases, we found that per-
formance rates were better with the
1958 criteria. The latter are more suita-
ble for diagnostic purposes than the
1987 criteria, which are explicit classifi-
cation criteria. The 1987 criteria were
developed to select more uniform pa-
tient cohorts for RA studies, thus inclu-
ding features of typical RA cases. In our
study it appeared that the usefulness of
classification criteria as a diagnostic
tool is limited because patients with less
pronounced or atypical symptoms, such
as those with early-stage disease or with
seronegative RA, might easily be mis-
diagnosed.

In order to improve the performance
of CADIAG-II/RHEUMA in these 
patient groups, new fuzzy versions of
the 1987 criteria were tested in two sub-
sequent studies comprising 146 RA and
146 control patients [19, 20]. It appeared
that the application of fuzzy sets to four
of the seven classification criteria trans-
formed the set of criteria into a diagno-
stic tool that offered diagnoses at diffe-
rent levels of confidence. Both patients
with non-typical and typical features of
RA were correctly diagnosed at lower
levels (with higher sensitivity and lower
specificity rates) or higher levels (with
lower sensitivity and higher specificity
rates) of diagnostic confidence.

Table 1 CADIAG-2/RHEUMA’s knowledge base – total numbers of diagnoses according 
to a current classification of rheumatic diseases and numbers of diagnoses documented in
CADIAG-2/RHEUMA’s knowledge base.
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Apart from completing these forms,
all patients were managed according to
the common clinical practice and guide-
lines of the department. For the purpo-
se of the study, no additional diagnostic
procedures were carried out.

The results of all diagnostic procedu-
res of the first and the follow-up visits
were included. If both normal and pa-
thological results of the same diagnostic
procedure were available, only patholo-
gical test results were included.

For each patient, all information of
the patient history and physical exami-
nation forms and other symptoms that
could be matched to CADIAG-II/
RHEUMA symptoms were manually
entered into the CADIAG-II/RHEUMA
patient database. Most laboratory test
results were directly transferred to the
CADIAG-II/RHEUMA database via
the local hospital information system
and were interpreted by the CADIAG-
II/RHEUMA system as the first step of
the consultation process. All other test
results (including X-rays, cultures, and
Schirmer’s test) had already been classi-
fied as normal or pathological by the 
referring departments. 

For each patient, four types of dia-
gnoses were recorded:  Referral diagno-
ses: the suspected conditions which led
to the referral of the patient to the out-
patient clinic. Discharge diagnoses: the
diagnoses which were printed on the 
final report and were the result of medi-
cal evaluation at the first and the fol-
low-up visits. Suspected diagnoses:
Other diagnoses which were considered
by H.K. as possible conditions to ex-
plain the patient’s symptoms were re-
corded specifically for the purpose of
this study. Last available clinical dia-
gnoses: We planned to review all study
patients charts at least one year after 
finishing the patient data collection in
order to check whether the discharge
diagnoses were still valid or would have
to be altered on the basis of additional
information obtained after the study
period. Diagnoses were only recorded
as last available clinical diagnoses if
they were regarded as new and clinically
significant insights into the patient’s
rheumatological condition.

Before starting the CADIAG-II/
RHEUMA consultation process, we
tried to match all patient diagnoses, 
including referral, discharge, suspected,

consultation system, we planned to eva-
luate the performance of CADIAG-
II/RHEUMA as consultant in the early
stages of patient evaluation and work-
up. The main tasks of CADIAG-
II/RHEUMA in this process were to 
offer a list of diagnostic hypotheses
which may explain a patient’s condition.
This list of hypotheses was intended to
include both a) all possible explanatory
diagnoses; and b) the diagnoses most
closely related to the patient’s condi-
tion. The first task was thought to be im-
portant, namely to remind the physician
to keep rare diseases in mind because
these are prone to be misdiagnosed mo-
re easily. The second task was to make
the physician aware of diagnoses that
most probably account for the patient’s
condition and thus require primary 
attention – both from a practical and 
financial point of view. Therefore, the
aim of the study was to determine
whether CADIAG-II/RHEUMA was
able to offer both comprehensive and
correctly ranked lists of diagnostic hy-
potheses.

2. Material and Methods

The present study was designed to
include 50 consecutive patients visiting
the outpatient clinic of the Department
of Internal Medicine III of the University
of Vienna Medical School, Section of
Rheumatology. The primary examina-
tion was carried out by one of the 
authors (H. K.) according to the follow-
ing predefined plan:

At the first visit, both a structured
patient history form and two structured
physical examination forms were 
completed. These forms were specifi-
cally designed for the CADIAG-II/
RHEUMA system, to ensure a more
detailed and comprehensive clinical 
database for the consultation process.
The patient history form was completed
by the patient prior to the first examina-
tion and contained questions regarding
current and previous complaints, disea-
ses, and medication. The physical ex-
amination forms were completed by 
H. K. and contained detailed information
about the general and rheumatological
physical examination.

Apart from well-known computer
consultant systems in internal medicine
such as INTERNIST-I/QMR [21, 22] or
ILIAD [23, 24], several other systems
have been specifically designed to sup-
port the differential diagnosis of rheu-
matic diseases, including AI/RHEUM
[25], RENOIR [26, 27], MESICAR 
[28, 29], RHEUMA [30, 31], and the 
systems designed by Bernelot Moens et
al. [32, 33], McCrea et al. [34] and Ma-
thew et al. [35]. These systems use diffe-
rent forms of knowledge representation
and inference such as criteria tables
[25], modified Bayes’s theorem [32], de-
cision trees [34], detailed anatomical
and functional knowledge [29], discri-
mination and connectivity analysis [35],
simple if-then rules [30] or fuzzy logic
[26]. In the latter, fuzzy set theory and
fuzzy logic are used to define fuzzy 
facts and to allow rules to have certainty
values. The numbers of different rheu-
matological diagnoses included in the
systems’  knowledge bases range from 4
[35] to 67 [31]. All systems were tested
with real patient data, but only two [31,
36] were evaluated in a prospective fas-
hion using data of real patients from out-
side the hospital in which the systems
were originally developed  and tested.
In both studies, performance rates dif-
fered significantly from those obtained
in the original setting and, as a result of
the evaluations, major changes were in-
troduced in the knowledge bases of the
systems.

In the preceding studies, CADIAG-
II/RHEUMA was evaluated in patients
from our database only and we felt that
it was necessary to evaluate the system
in a different patient setting. We plan-
ned to conduct this study in a rheumato-
logical out-patient clinic of a university
hospital, where patients were expected
to be different from those previously
evaluated. Patients are usually referred
to this clinic by other hospital depart-
ments or private physicians when the
first signs of a more severe rheumatolo-
gical condition occur. Thus, we expect-
ed to encounter a larger number of pa-
tients with early stages of inflammatory
rheumatic diseases requiring immediate
evaluation and well-planned manage-
ment. 

Although, mainly for organizational
reasons, we did not intend to use 
CADIAG-II/RHEUMA as an online



and last available diagnoses, to the list
of available CADIAG-II/RHEUMA
diagnoses. If a specific CADIAG-II/
RHEUMA diagnosis was not available,
but only a more unspecific one, the 
latter was chosen. For instance, the 
discharge diagnosis “osteoarthrosis of
the carpal joint”, which is not included
in the list of CADIAG-II/RHEUMA
diagnoses, would be matched to the
CADIAG-II/RHEUMA diagnosis “os-
teoarthrosis, unspecified”.

After patient data had been collect-
ed, the CADIAG-II/RHEUMA con-
sultation was done consecutively for all
patients as a batch job. We then record-
ed the numbers of confirmed and ex-
cluded diagnoses and the numbers of
diagnostic hypotheses for each patient. 

Each patient diagnosis and the list of
CADIAG-II/RHEUMA diagnoses were
compared and the rank of each mat-
ching CADIAG-II/RHEUMA diagno-
sis was calculated.

To compare the two main ranking
procedures, results were calculated
both according to the hypothesis score
and the maximum degree of confirma-
tion.

To obtain a smaller and more speci-
fic list of CADIAG-II/RHEUMA 
diagnoses, we also calculated the rank
of each matching CADIAG-II/
RHEUMA diagnosis without and with
the use of hypothesis thresholds at 
levels of 0.2 and 0.3. Using these thre-
sholds, only diagnostic hypotheses with
a degree of presence of 0.2 or above and
0.3 or above would be included in the
list of hypotheses.
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3. Results

A total of 54 patients visiting the out-
patient clinic on the days specified by
H.K. to evaluate patients according to
the study plan were included. The pa-
tients were not preselected and represen-
ted a typical mixture of those visiting
the clinic.

At the first visit, history and physi-
cal examination forms were obtained
from all patients. The number of fol-
low-up visits for each individual ranged
between 0 and 6. At the end of the 
study period, all final reports including
the results of diagnostic procedures 
were available for analysis. Two years
after completing the initial study, all 
patients charts were again reviewed 
to check whether the current diagno-
ses still matched those in the final 
reports.

The numbers of discharge diagnoses
in our patients ranged from 0-9 (median:
3), of which 0-7 (median: 1.5) were
rheumatological discharge diagnoses.
Three patients had non-rheumatologi-
cal problems and did not get a rheuma-
tological discharge diagnosis. For a total
of 26 rheumatological discharge diagno-
ses in 20 other patients, no matching
CADIAG-II/RHEUMA diagnosis was
found. Most of them were either func-
tional vertebral disorders (e.g., hyper-
mobility syndrome or scoliosis) or un-
specific disorders (e.g., monarthritis,
oligoarthritis, or arthralgia), which, due
to the absence of specific symptoms,
were not included in CADIAG-II/
RHEUMA’s knowledge base. In 12 of
the 20 patients, we could not match a
CADIAG-II/RHEUMA diagnosis to
any of the patients’ discharge diagnoses.

As a result of the CADIAG-II/
RHEUMA consultation process, the
number of confirmed and excluded dia-
gnoses in individual patients ranged
between 0-2 (median: 0) and 7-20 
(median: 9), respectively. The number
of diagnostic hypotheses without or
with the use of hypothesis thresholds 
of 0.2 or 0.3 ranged between 29-149
(median: 134), 2-35 (median: 19), or 
0-20 (median: 9), respectively.

In two patients, the CADIAG-II/
RHEUMA consultation resulted in a
total of three confirmed diagnoses, all
of which were true positive results. In
both patients, the diagnoses “prosthesis
of the hip joint”, “prosthesis, unspeci-
fied”, and “spondylitis, unspecified”
were confirmed by the presence of 
definite radiological signs.

All excluded diagnoses were true 
negative results, i.e. they did not match
any referral, discharge, suspected, or last
available diagnosis, with the exception of
one false negative result. In this patient
with the discharge diagnosis of “osteo-
arthrosis of the knee joint”, the corre-
sponding CADIAG-II/ RHEUMA dia-
gnosis was excluded because the obliga-
tory CADIAG-II/ RHEUMA symptom
“present complaints, affection of one or
both knee joints” was not present.

The number of generated CADIAG-
II/RHEUMA hypotheses (including
the three confirmed diagnoses) are 
shown in Table 2. Numbers and corre-
sponding sensitivity rates are shown for
both discharge or last available and for
referral or suspected diagnoses, for
both ranking procedures, with and with-
out the use of hypothesis thresholds. 

In seven patients, a total of 8 last
available diagnoses provided new and

Table 2 Numbers of 
generated hypotheses 
(including confirmed 
diagnoses) among 
discharge and last availa-
ble confirmed diagnoses
or among referral and
suspected diagnoses
using different hypothesis
thresholds and with 
ranking according to 
hypothesis score or 
maximum degree of 
presence µPD.
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When discharge diagnoses could be
matched to CADIAG-II/RHEUMA
diagnoses, the system was successful in
including them in the list of hypotheses,
with no difference between either refer-
ral and suspected or discharge and last
available diagnoses (93% or 94%, res-
pectively, see Table 2).

The second aim of this study – to 
generate a correctly ranked list of dia-
gnoses – was only partially met. About
82% of discharge and last available dia-
gnoses were ranked among the first
third of the list of hypotheses, but only
48% were among the first five hypothe-
ses. We identified two major limitations
to the second task: the characteristics of
patients included in the study, and the
manner of representing knowledge in
CADIAG-II/RHEUMA.

Three patients were referred to the
out-patient clinic because of signs that
may have been a part of a rheumatolo-
gical condition, which was not confir-
med after the initial evaluation, and
therefore they were discharged without
a rheumatological diagnosis. The majo-
rity of patients were referred with
symptoms suggesting an incipient in-
flammatory rheumatic disease and du-
ring the initial evaluation several diffe-
rent diagnoses were suspected. More
than 70% of referral and suspected dia-
gnoses were inflammatory joint disea-

The median number of generated 
hypotheses, which was 134 without
using a hypothesis threshold, was sharp-
ly reduced to a median of 19 or 9 
hypotheses with a threshold of 0.2 or
0.3. Thus, a comprehensive list of hypo-
theses (with nearly 80% of all document-
ed diagnoses) including rare rheumato-
logical conditions, as well as two shorter
and more practical lists of hypotheses
were generated. 

The main factor limiting the first aim
of this study – to generate a comprehen-
sive list of diagnoses – was the single
fact that the number of different known
rheumatological conditions is vast.

Even though CADIAG-II/RHEU-
MA’s knowledge base contains 170 
documented diagnoses, this is only a 
minority compared to published classi-
fications of rheumatic diseases with 
more than 1000 diagnoses [37] or even
compared to the 403 diagnoses included
in the classification we are currently
using (see Table 1). Documentation is
nearly complete for the group of inflam-
matory joint diseases, which from a 
clinical standpoint require primary at-
tention, but documentation is still in-
complete for other groups of rheumatic
diseases. As a result, 21% of the dis-
charge diagnoses of our study patients
could not be matched to any documen-
ted CADIAG-II/RHEUMA diagnosis.

clinically significant insights into the 
patients’ rheumatological conditions. 
In Table 3, the results for both dis-
charge and last available diagnoses are
shown. 

4. Discussion

The results of this study indicate that
the two aims of the study, namely the
generation of a comprehensive and cor-
rectly ranked list of hypotheses were
successfully met, but the results also
show the limitations of a computer con-
sultant system in a patient setting as
that used in the study.

The numbers of confirmed and
excluded diagnoses – only a total of
three confirmed diagnoses in two pa-
tients and a median of nine excluded dia-
gnoses per patient – were quite small.
The reason for this result, which was 
also observed in a preceding evaluation
[17], is that rheumatological diseases
are rarely characterized by a single 
pathognomonic feature, but have to be
diagnosed by combinations of more or
less unspecific findings. This fact is also
reflected in our knowledge base, in
which only a minority of symptoms ha-
ve strength of confirmation degrees of 
1 or 0 and thus are able to confirm or
exclude a diagnosis. 

Table 3 Results ranked
according to hypothesis
score (or maximum 
degree of presence µPD)
for patients in whom the
last available diagnosis
was significantly different
from the discharge 
diagnosis.



sis score in referral and suspected dia-
gnoses. Thus, combining the evidence
of all supporting symptoms seems to be
advantageous for generating diagnostic
hypotheses, but not for establishing a
correct final diagnosis.

The results were also analyzed accord-
ing to different discharge and last avail-
able diagnoses. 

In the main groups of diagnoses,
100% or 50% of inflammatory joint 
diseases, 97% or 82% of degenerative
joint diseases, 100% or 29% of degener-
ative diseases of the vertebral column
and 28% or 0% of soft tissue diseases
were ranked among the first third or
among the first five hypotheses when
hypotheses were ranked according to
the hypothesis score. Again, the main
factor accounting for the differences
between the results of these groups of
diagnoses is the manner in which
knowledge is represented in CADIAG-
II/RHEUMA. A single diagnosis was
more likely to be highly ranked accord-
ing to the maximum degree of presence

must be diagnosed by combinations of
rather unspecific findings. Without
symptoms with high specificity and high
discriminative power between different
diagnoses, differential diagnosis is diffi-
cult. As a result, rheumatological dis-
charge diagnoses were less likely to 
be correctly ranked than would be
expected if CADIAG-II/RHEUMA
had been evaluated in a different 
medical domain with more specific 
disease profiles.

In this study, two ranking procedures
were compared with each other: the
maximum degree of the presence of a
diagnosis, which is mainly determined
by a single symptom with a high
strength of confirmation degree, and
the hypothesis score, which is determin-
ed by the number of supporting symp-
toms and their frequency of occurrence
and strength of confirmation degrees.
As shown in Table 2, the results of both
ranking procedures are similar in dis-
charge and last available diagnoses, but
the results are better with the hypothe-

ses; only 13% were degenerative rheu-
matic diseases and 4%, soft tissue dis-
eases. After the patient work-up, these
numbers changed significantly, with only
18% of patients being discharged with
inflammatory joint diseases, but 55%
with degenerative rheumatic diseases
and 18% with soft tissue diseases. This
indicates that most patients who were
included in the study had no typical
features of a single rheumatic disease,
but unclear conditions requiring expert
evaluation. As a result, discharge dia-
gnoses were less likely to be correctly
ranked than would be expected if 
CADIAG-II/RHEUMA were being
evaluated in patients presenting with 
typical rheumatological conditions.

The majority of symptoms in 
CADIAG-II/RHEUMA’s knowledge
base have low strength of confirmation
degrees, most of them in the range of
0.01 to 0.17. As mentioned earlier, this
is due to the fact that most rheumatolo-
gical diagnoses are rarely characterized
by a single pathognomonic feature and
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Table 4 Numbers of 
generated hypotheses 
(including confirmed 
diagnoses) among 
selected discharge and
last available confirmed
diagnoses using different
hypothesis thresholds and
with ranking according 
to hypothesis score or
maximum degree of 
presence µPD.

Table 5 Numbers of 
S-D relationships in 
CADIAG-II/RHEUMA’s
knowledge base in 
selected diagnoses.
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used in this study were the large 
number of known rheumatological 
diagnoses, the lack of specific signs for
rheumatological diagnoses and patients
presenting with early stages of unclear
conditions. 

As the characteristics of patients 
and rheumatological diagnoses cannot
be changed, the performance of 
CADIAG-II/RHEUMA can be best
improved by extending the number 
of documented diagnoses and conti-
nuously updating the knowledge base in
terms of new diagnostic tests.

CADIAG-II/RHEUMA’s perform-
ance will also be improved by the 
efforts currently being made to develop
an improved medical consultation sy-
stem (MEDFRAME). These include
the definition of negative evidence, in
order to use both positive evidence for
and negative evidence against diagno-
ses in hypothesis generation, and the
development and evaluation of new
knowledge processing and hypothesis
ranking procedures. All of these efforts
may bring us closer to the vision of 
an expert computer consultant. Consi-
dering the good results of CADIAG-II/
RHEUMA in predicting the final dia-
gnosis of the study patients (as shown in
Table 3), this is a promising vision.
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