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Abstract 
 

We discuss a reminder system that automatically 
interprets the results of routine biochemical tests for 
thyroid hormones. We measured serum levels of thyroid 
stimulating hormone (TSH), total thyroxin (TT4), 
triiodothyronine (TT3), thyroxin-binding globulin (TBG), 
and thyrotropin-releasing hormone (TRH)-stimulated TSH 
(sTSH [1,2]). The developed knowledge base was used to 
compare and rate these results with a defined set of 
diagnoses. Various forms of altered thyroid and/or 
pituitary function [3–8] were considered. For a given 
combination of test results, the reminder system classified 
the entered diagnoses as “obligatory”, “possible”, or 
“excluded”. The knowledge base is now part of a medical 
documentation system at the outpatient thyroid department 
of the Division of Endocrinology and Metabolism of the 
Vienna General Hospital. We report an evaluation 
performed after six months of operation. Although further 
improvement will be required, the knowledge-based 
reminder system in its present form is capable of 
improving the quality of manually entered diagnoses. 
 
 
1. Introduction 
 

There is reason to believe that the development of 
diagnostic and interpretative systems for the laboratory 
will lead to clinically useful computer applications that can 
be routinely implemented in laboratories [9]. The final 
purpose of these systems is to improve patient care. 

Initially the objective of our investigation was to reduce 
unjustified referrals to hospitals due to misinterpretation of 
the laboratory test results obtained by general 
practitioners; the latter should have the possibility to 
consult an expert system concerning the interpretation of 

thyroid function tests. In a first step, this knowledge-based 
system was tested for its reliability in a thyroid outpatient 
clinic where diagnoses are manually entered into a 
documentation system based on both, laboratory data and 
clinical criteria. These diagnoses will then be verified by a 
reminder system; the existing laboratory test results will be 
re-assessed. 

The present report describes the development of this 
reminder system and presents the results of its operation as 
recorded in log files. Log file data after six months of 
operation are evaluated. 
 
2. Methods 
 

Our aim was to develop a reminder system operating in 
the background and monitoring the input of diagnoses. In 
the event of conflicts the reminder appears on the screen 
and the physician is called upon to review his input. To 
this end it was necessary to create an adequate knowledge 
base [10, 11]. The system was set up to identify a set of 13 
diagnoses (Table 1). Laboratory parameters used to 
establish the diagnoses are serum concentrations of thyroid 
stimulating hormone (TSH), total thyroxin (TT4), 
triiodothyronine (TT3) and thyroxin-binding globulin 
(TBG), as well as sTSH (i.e., serum concentration of TSH 
determined 20 minutes after intravenous administration of 
400 µg thyrotropin-releasing hormone (TRH) [1,2]). 
Combining these two variables (diagnoses and laboratory 
parameters), we obtained a matrix in which each element 
contains the rating of each diagnosis with respect to a 
specific combination of qualified (interpreted) laboratory 
test results. 

The current documentation system at the outpatient 
thyroid department of the Vienna General Hospital uses a 
database table for all diagnoses that can be entered. A 
maximum of three diagnoses may be stored for each



 

Table 1: A small section of the knowledge base. 
 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 ... 1023 
TT4 ○ ⊥ ↑ ↓ ○ ⊥ ↑ ↓ ○ ⊥ ↑ ↓ ○ ⊥ ↑ ↓ ○ ⊥ ↑ ↓ ○ ⊥ ↑ ↓ ... ↓ 
TT3 ○ ○ ○ ○ ⊥ ⊥ ⊥ ⊥ ↑ ↑ ↑ ↑ ↓ ↓ ↓ ↓ ○ ○ ○ ○ ⊥ ⊥ ⊥ ⊥ ... ↓ 
TSH ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ⊥ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ↑ ... ↓↓ 
TBG ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ... ↓ 
sTSH ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ... ↓ 
                           
hyperthyroidism 3 3 3 3 3 2 2 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 3 ... 2 
hyperthyroidism (subclinical) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 3 
hyperthyroidism (subclinical, suspected) 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 3 
hyperthyroidism (secondary) 2 2 2 2 3 2 2 2 2 2 1 2 3 3 2 3 2 2 2 2 3 2 2 2 ... 3 
hyperthyroidism (suspected) 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 2 
hyperthyroidism (T3 only) 3 3 3 3 3 3 3 3 3 2 2 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 3 
hypothyroidism 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 2 2 1 2 2 2 1 ... 3 
hypothyroidism (subclinical) 2 2 3 2 2 2 3 1 3 3 3 3 2 2 3 2 1 1 2 3 1 1 1 2 ... 3 
hypothyroidism (secondary) 2 2 3 2 2 2 2 2 3 3 3 3 2 2 3 2 3 3 3 3 3 3 3 3 ... 2 
thyroiditis 2 2 2 2 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ... 2 
deficiency of TBG 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 1 
abundance of TBG 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 ... 3 
pregnancy / exogenous estrogens 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ... 2 

 
 

patient. From this table of diagnoses, we selected those 
which were important for the reminder system. Some 
clinically defined forms of hyper- and hypofunction of the 
thyroid gland and the pituitary appeared too specific and 
were therefore subsumed into classes; (e.g., the diagnoses 
“iatrogenic hyperthyroidism”, “hyperthyroidism induced 
by contrast medium”, and “hyperthyroidism” were 
combined into the class “hyperthyroidism” because 
currently the system only assesses the presence of 
hyperthyroidism, but not its cause). This resulted in six 
defined forms of hyperthyroidism, three forms of 
hypothyroidism, two diagnoses related to TBG, and the 
diagnosis of thyroiditis. The diagnosis “euthyroidism” was 
omitted because it is obligatory when no hyper- or 
hypothyroidism is present.  

The diagnoses were evaluated with regard to the 
parameters TSH, TT4, TT3, TBG, and TRH-stimulated 
TSH (sTSH). Each of these parameters may yield one of 
four (different) possible qualitative results. The qualitative 
test results of TT4, TT3, TBG, and sTSH are not tested 
(○), normal (┴), increased (↑), or decreased (↓). Similarly, 
the qualitative test results of TSH may be normal (┴), 
increased (↑), decreased (↓), or highly decreased (↓↓). 
Thus, there may be 1,024 combinations of test results. 
Since there are logical combinations which do not 
naturally occur, a virtual class named “inconclusive or 
erroneous data” was created. Drawing up the matrix with 
the 13 diagnoses and the 1,024 test result combinations, 
we had to rate 13,312 fields. 

Table 1 shows a small part of the knowledge base with 
the respective rating in each table cell. A diagnosis may be 
obligatory (1, green), possible (2, blue), or excluded (3, 
red) with regard to a given combination of laboratory test 
results. 

The knowledge base was verified retrospectively 
against the laboratory test results and the corresponding 
diagnoses stored in the database of the outpatient thyroid 
department. In the event of differing results, the case in 

question was copied into a conflict list with the 
appropriate patient ID and the laboratory test results. This 
conflict list was then supplemented by the diagnoses 
which—with reference to the underlying new knowledge 
base—occurred, but were to be excluded or were missing 
despite being mandatory. The medical expert then had to 
establish the origin of the respective conflict—an 
erroneous knowledge base, an incorrect inference process, 
or a wrong diagnosis. Consequently, either a revision of 
the knowledge base and/or the inference process followed, 
or the wrong diagnosis was marked. The iterative 
procedure of verification was restarted and repeated until 
no further conflicts occurred. 

The results after five cycles of review were as follows: 
of 17,053 total datasets we considered 15,839. The 
remaining 1,214 datasets were ignored because they did 
not contain the appropriate laboratory data (n=328). 
Evaluating the knowledge base using these 15,839 entries, 
the system revealed 628 conflicts. This amounts to about 
4% of the evaluated datasets. 548 diagnoses were 
mandatory but missing and 44 were interpreted as false; 19 
cases included both wrong and missing diagnoses, and in 
17 cases the laboratory test results indicated “inconclusive 
or erroneous data”. Inconclusive data were obtained when 
the test results fell slightly outside the anticipated ranges; 
logically inconsistent test results indicated erroneous data. 

For the future elimination of the error “inconclusive 
and erroneous data”, an extension of the knowledge base 
will be necessary. For instance, if the serum concentration 
of TBG is increased the diagnosis abundance of TBG is to 
be entered obligatorily, provided that there is space left in 
the three fields available for the input of diagnoses. A 
review showed that, in the past, in 100 cases of increased 
TBG this diagnosis had not been entered despite the 
availability of space. In the future this will be mandatory. 
Furthermore, classification of the test results into normal 
(┴), increased (↑), and decreased (↓) was not optimal for 
clinical purposes, especially when the values were at the 



 

upper or the lower end of the normal range. For example, a 
test result within the normal range but close to its lower 
end might have been clinically interpreted as ‘decreased’ 
because the physician made the diagnosis on the basis of 
all available data for the patient. This problem remains 
unresolved at the present time. 

After the final evaluation the knowledge base was 
integrated into the documentation system of the outpatient 
thyroid department. The applied inference process is the 
same as that used in Hepaxpert, a knowledge-based system 
for the interpretation of hepatitis serology test results. A 
description can be found in [12]. If obligatory diagnoses 
are missing, a reminder in a message box will inform the 
physician of these (see Figure 1). He then may either 
adjust his input or override the system. 

The reminder system is now in operation since 22 April 
2005 and each step is recorded in a log file. 
 
3. Results 
 

The implemented knowledge-based system is currently 
being tested at the outpatient thyroid department of the 
Vienna General Hospital as part of its documentation 
system. It is used to verify the diagnoses entered by 
physicians. A reminder appears in case of contradictions 
or missing obligatory diagnoses with respect to the given 
laboratory test results.  

A preliminary evaluation of the log file was performed 
after 173 days of operation. During this time, 1,630 
diagnoses for 1,180 patients had been entered. The 
reminder system rejected the entered diagnoses in 9 cases 
because the diagnoses were ruled out by the obtained 
laboratory test results. In 5 of the 9 cases the system had 
initially been overruled by the physician, but this was 
eventually proven wrong in 4 cases. In 51 cases the system 
expected obligatory diagnoses that were missing. In 37 of 
these cases the decision to overrule the system by omitting 
these diagnoses was maintained on the basis of clinical 
criteria, whereas in 14 cases the additional diagnoses were 
appended. During the data selection process [13] we also 
found 3 data inconsistencies. Once it was caused by first 
clicking the FIX button of the reminder box, followed by a 
click of the SAVE button without correcting the diagnosis 
in the meantime. Finally, the OVERRIDE button of the 
reminder was clicked. In another instance the reminder 
system was obviously shut down directly after it appeared, 
and the input procedure remained incomplete. This 
happened twice. In summary, during 173 days of operation 
18 diagnoses were corrected by the assistance of the 
knowledge-based reminder system alone. 

Furthermore, at the beginning of our study we realized 
that the classification of diagnoses into obligatory, 
possible, and excluded was too strict. Because the 
knowledge acquisition process took a long time and 
 

 

 
 

Figure 1: Documentation system with reminder message box.



 

required several meetings, the classification was modified 
over time. The medical expert and the knowledge engineer 
became increasingly familiar with the system from one 
meeting to the next. For example, a diagnosis that was 
considered possible at the first meeting was rated possibly 
obligatory at one of the subsequent meetings. The system 
would no longer accept very rare diagnoses as “possible” 
without issuing a reminder, given their very low pre-test 
probability. Overall this resulted in a refinement of the 
interpretation of laboratory test results, progressively 
reducing the number of possible diagnoses. The 
knowledge engineer should strive to keep this process in a 
straightforward time frame in order to avoid inconsistent 
interpretations over time. 

Based on this experience, we started to rebuild the 
entire system from scratch using a finer weighting system 
for the diagnoses. The categories are now named 
“obligatory”, “likely”, “possible”, “rather impossible”, and 
“excluded”. The reminder system issues an alert every 
time a diagnosis is not absolutely proven or an obligatory 
diagnosis is missing. For testing purposes, the sensitivity 
of the reminder can be adjusted (e.g., accepting likely 
diagnoses without generating an additional message). 
 
4. Conclusions 
 

The developed knowledge base is essentially a table of 
ratings. It can be easily translated into plain text for uses 
other than the local thyroid documentation system. 

For application in a pure knowledge-based interpretive 
system that is able to interpret the entered laboratory test 
results and provide a written textual interpretation, the 
knowledge base was translated into Arden Syntax [13, 14]. 
The resulting package of Arden Medical Logic Modules 
can be integrated into any medical information system that 
is equipped with an Arden interpreter/compiler. 

For the purpose of testing and possibly as a future 
decision support tool for medical practitioners, a web 
version was designed. Once quantitative or qualitative 
laboratory test results have been entered, this version 
generates the appropriate diagnosis. 

Improvements in the knowledge base and the inference 
process are being considered. With regard to the 
laboratory parameters, there will be a change from TT4 to 
fT4, i.e., the free portion of T4 which is not bound to 
TBG. The current laboratory analyzers support fT4 rather 
than TT4; therefore currently both fT4 and TT4 are 
accepted. 

Last but not least, classifications such as normal, 
increased, and decreased can be easily fuzzified [15, 16]. 

This might be the logical next step. However, we first have 
to evaluate the most recent version of the system. 
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