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ABSTRACT  
 
Introduction : This article describes the development of EPICON; an application to group 

ICPC-coded diagnoses from electronic medical records in general practice into episodes of 
care. These episodes can be used to estimate prevalence and incidence rates.  

Methods: We used data from 89 practices that participated in the Dutch National Survey of 
General Practice. Additionally, we held interviews with seven experts, and studied 
documentation to establish the requirements of the application and to develop the design. We 
then performed a formative evaluation by assessing incorrectly grouped diagnoses.  

Results: EPICON is based on a combination of logical expressions, a decision table, and 
information extracted from individual cases by case-based reasoning. EPICON is able to group 
all diagnoses in the selected 89 practices, and groups 95% correctly.  

Conclusion: The results cautiously indicate that EPICONs performance will probably be 
adequate for the purpose of estimating morbidity rates in general practice.  

1. INTRODUCTION  

1.1. Application domain  
General practitioners increasingly register patient data in electronic medical records (EMRs). These data 

could be a valuable source for epidemiologic research. Accurate recording and coding of diagnoses during 
consultations can be an especially useful source for estimating prevalence and incidence rates of diseases 
encountered in general practice. These rates are important for making probability diagnoses, monitoring 
diseases in the population, conducting scientific research, and evaluating health care policy.  

A diagnosis in general practice can refer to a symptom or a complaint (symptom diagnosis), a syndrome 
(nosological diagnosis) or a disease (pathological/pathophysiological diagnosis) [1]. In this article, we use 
the umbrella term diagnosis to refer to any of these categories.  
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Diagnoses in general practice are not directly suitable for estimating prevalence and incidence rates. This 
would require that all diagnoses of a patient which refer to the same health problem are grouped. For 
instance, a patient visits the general practitioner for a cough (diagnosis a) which develops into a pneumonia 
(diagnosis b) several days later. This health problem should be counted only once when estimating 
occurrences of diseases, namely as a case of pneumonia. To avoid double counting, diagnosis a and b have 
to be grouped. Diagnoses referring to the same health problem can be grouped into an episode of care, i.e., 
“all encounters for the management of a specific health problem” [1]. An episode of care is usually named 
after the last diagnosis, which can be used to estimate the numerator of the epidemiological fraction.  

Generally, two approaches for constructing episodes can be used. In the first approach, the general 
practitioner groups diagnoses directly into a problem-oriented or episode-oriented medical record. 
Lawrence Weed introduced the problem-oriented medical record (POMR) in 1968. The POMR is centered 
around problems in a problem list [2]. Diagnoses that refer to the same health problem receive the same 
problem number, which can be used to estimate morbidity rates [3]. A disadvantage of using this method 
for epidemiologic research is that problem lists are frequently not kept up to date [4]. The new generation 
of Dutch primary care information systems is episode-oriented: all patient information is actually recorded 
into episodes of care [5]. Data from these episode-oriented systems are probably very well suited for 
epidemiologic research. However, these systems are still in an implementation phase. In the second 
approach, diagnoses are grouped afterwards, through manual review or a computerised method. This 
approach is useful if episodes are not or inadequately constructed by the general practitioner. In this article, 
we will describe the development of EPIsode CONstructor (EPICON), an application for grouping 
diagnoses afterwards into episodes. EPICON makes it possible to use data from EMRs in general practice 
for estimating prevalence and incidence rates.  

1.2. Previous research  
Our project builds upon the second Dutch National Survey of General Practice (DNSGP-2), which has 

been described elsewhere [6] and [7]. In the DNSGP-2, diagnoses were grouped afterwards into episodes 
for 89 general practices. A semi-computerised method was used in which ‘easy to group’ diagnoses were 
grouped automatically (80% of all diagnoses), and ‘difficult to group’ diagnoses were grouped manually 
(20% of all diagnoses). An example of a difficult case is a patient who is diagnosed with tiredness, and who 
has also been diagnosed with hypothyroidism and general deterioration. This case is complicated, because 
tiredness is a very non-specific symptom that is observed in many medical conditions. In other words, there 
are no explicit rules to decide whether tiredness should be grouped with hypothyroidism, with general 
deterioration, or as a separate episode. In general, complicated cases involve a multi-class classification task 
and an absence of clear-cut classification rules. The DNSGP-2 dataset, in particular the manually grouped 
diagnoses, contains implicit knowledge of the signs, symptoms, and the course of diseases, which could be 
used to solve the problem of grouping diagnoses.  

1.3. Case-based reasoning  
Basic problem-solving approaches in the field of artificial intelligence are rule-based reasoning (based on 

if… then… rules), model-based reasoning (based on a causal or functional model), and case-based 
reasoning (based on examples) [8]. We selected case-based reasoning (CBR), because the domain 
knowledge needed to group diagnoses into episodes, is implicit knowledge, which lends itself more for 
reasoning based on analogy than for formulating domain rules or for constructing a model. Also, ample 
cases were available, for the DNSGP-2 dataset provided an extensive case library.  

CBR is a problem-solving paradigm based on psychological theories of human cognition which provides a 
method for constructing intelligent systems. It focuses on analogy as a strategy for solving real-world 
problems. Human experts differ from novices in their ability to relate problems to previous ones, to reason 
based on analogies between current and old problems, and to use solutions from earlier experiences. A 
case-based reasoner solves a new problem by remembering a previous similar situation and reuses 
information and knowledge from that situation. The following four processes describe a general CBR cycle:  

1. Retrieve: Given a new problem, former similar cases are retrieved. 
2. Reuse: Information and knowledge in the retrieved cases are used to solve the problem. 
3. Revise: The solution is tested for success, and repaired if it fails. 
4. Retain: A successful solution is incorporated into the case base for future use. 
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Many case-based systems are so-called retrieval-only systems or act primarily as retrieval and reuse 
systems. They merely perform the retrieval or the retrieval-and-reuse task [9], [10], [11], [12], [13] and 
[14].  

1.4. Research questions  
The objective of our research was to develop a fully computerised method for the construction of care 

episodes. This project is divided into a development and evaluation phase. In the development phase, we 
assessed the requirements, designed, and built the system. In the evaluation phase, we performed a 
formative evaluation. We formulated the following questions:  

• Development phase:  
1. How were diagnoses grouped in the semi-computerised method? 
2. (a) What are the requirements and (b) what is the case-based design of the fully computerised method? 
• Evaluation phase: 
3. How many, and which diagnoses are misclassified by EPICON? 
The aim of this project is to determine whether the development of a computerised grouping method can 

disclose data from EMRs in general practice for epidemiologic research.  

2. METHODS  

2.1. Dataset  
The dataset used in this research is a longitudinal set of patient records provided by a Dutch network of 

computerised general practices (LINH) [15] and [16]. The general practitioners within this network record 
longitudinal data on consultations, including diagnoses, prescriptions, and referrals.  

Within the framework of the DNSGP-2, episodes were constructed for LINH-data of 1 year (2001), which 
were used to estimate prevalence and incidence rates of diseases in general practice [17].  

We selected all 89 general practices (comprising 166 individual general practitioners) for which diagnoses 
were grouped afterwards into episodes from the total number of 96 practices that were included in the 
DNSGP-2. The patient population, which can be used to estimate the denominator of the epidemiologic 
fraction, includes all listed patients (n = 343,853). Compared to population figures from Statistics 
Netherlands, the patient population comprises a representative sample of 2% of the Dutch population 
regarding age, gender, and type of insurance.  

Diagnoses were coded according to the International Classification of Primary Care (ICPC) [18]. This 
classification system has a biaxial structure. The primary axis represents 17 chapters referring primarily to a 
body system. The other axis represents seven components (C1: symptoms and complaints, C2–C6: process, 
and C7: syndromes and diseases). For coding diagnoses, both C1 (codes 1–29) and C7 (codes 70–99) can 
be used. Diagnosis codes were assigned to consultations, prescriptions, and referrals.  

For consultations only, the general practitioners, in accordance with strict guidelines, characterised each 
diagnosis as either belonging to a new or an ongoing ‘type of episode’. A new episode refers either to a 
newly presented health problem or to a recurrent health problem, and contributes to both the incidence and 
the prevalence. An ongoing episode refers to a continuing health problem, and contributes to the prevalence 
only.  

2.2. Development phase  
The semi-computerised method that was used in the DNSGP-2 has not been described previously in any 

detail. Therefore, the development of EPICON started with an inventory of this method (question 1). 
Information was gathered through semi-structured interviews with four experts who were responsible for 
different aspects of this method. In addition, we studied documentation on decisions and procedures. 
Requirements (question 2a) for the fully computerised method were assessed through semi-structured 
interviews with three other experts who are currently responsible for scientific research based on LINH. 
The design of the fully computerised method (question 2b) is partly based on the computerised part of the 
semi-computerised method. We started by designing EPI-0, a simple non-case-based variant. EPI-0 groups 
diagnoses only on the basis of the computerised part of the semi-computerised method; all remaining 
diagnoses are grouped as separate episodes. Next, in order to group these remaining diagnoses, we 
developed the case-based design for EPICON by considering various case-based or exemplar-based 
classification techniques [19] and [20]. We decided to design EPICON as a retrieval-and-reuse system.  
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Detailed information on the semi-computerised method, the requirements and the design of the fully 
computerised method was documented, verified, discussed, and adjusted accordingly. EPICON is 
constructed according to the developed case-based design, and it is written in Transact-SQL.  

2.3. Evaluation phase  
We compared EPICON to the original, semi-computerised method, which is considered the ‘gold 

standard’. We also compared EPI-0 to the gold standard in order to examine what the case-based part in 
EPICON adds to EPI-0 (the computerised part of the semi-computerised method).  

All diagnoses in the original dataset were regrouped by EPI-0, and by EPICON. To gain insight into the 
process in which diagnoses are grouped by each variant, we calculated the number of diagnoses grouped in 
each step in both EPI-0 and EPICON.  

For each diagnosis, we assessed whether or not, compared to the ‘gold standard’ it was grouped correctly 
by EPI-0 and EPICON. This comparison yielded three types of misclassifications. Table 1 shows examples 
of these three types.  

[TABLE 1].  
Type 1: link failure. A diagnosis, which is linked to another diagnosis by the semi-computerised method, 

is not linked by EPI-0 or EPICON. Table 1 shows the example of patient Jones with two diagnoses relating 
to back symptoms (L03 and L02). The semi-computerised method linked the two diagnoses by assigning 
the same episode number to both diagnoses, whereas EPI-0 failed to link the two diagnoses (they received 
different episode numbers by EPI-0).  

Type 2: false link. A diagnosis not linked to another diagnosis by the semi-computerised method, is linked 
by EPI-0 or EPICON. In the case of patient Parker in Table 1, EPICON makes a false link between the 
diagnoses ‘acute bronchitis/bronchiolitis’ (R78) and ‘sinusitis acute/chronic’ (R75).  

Type 3: wrong combination. A diagnosis linked to another diagnosis by the semi-computerised method, is 
also linked by EPI-0 or EPICON, but to the wrong diagnosis. Table 1 shows that the semi-computerised 
method linked the diagnosis ‘swollen ankles/edema’ (K07) for patient Adams to the diagnosis ‘fracture 
hand/foot bones’ (L74). EPICON, however, linked the diagnosis ‘swollen ankles/edema’ (K07) to the 
diagnosis ‘angina pectoris’ (K74).  

3. RESULTS  

3.1. Development phase  

3.1.1. Semi-computerised method  
Results of our inventory of the semi-computerised method that was used in the DNSGP-2 are presented in 

the form of a flowchart. Fig. 1 shows this method, which consisted of five steps (shown in between 
parentheses).  

[FIGURE 1] 
• Step 1. The first consultation diagnosis of a patient in a 1-year registration period was grouped into a 

separate episode. ‘Create separate episode’ means that a separate episode number was assigned to a 
diagnosis. Operationally, an episode is a row of diagnoses with the same episode number. The first 
diagnosis of this row could be either new or ongoing (as explained in the last paragraph of Section 2.1), 
whereas subsequent diagnoses were always ongoing. The first diagnosis in the row determined whether the 
episode was new or ongoing, the last syndrome/disease diagnosis in the row determined the name of the 
episode. If no syndrome/disease diagnosis existed, the episode was named after the last symptom diagnosis 
in the row. 

• Step 2. The remaining diagnoses were grouped by ‘type of episode’ (new or ongoing). A new diagnosis 
was grouped as a separate episode. Diagnoses for which the ‘type of episode’ was missing (9% of the total 
number of diagnoses) were grouped manually. Note the difference between a separate and a new episode. A 
separate episode can be either new or ongoing. 

• Step 3. If possible, ongoing diagnoses were grouped based on a decision table, which consists of a 
combination of an ongoing diagnosis and a previous diagnosis, and a decision whether or not they should 
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be grouped together (see Table 2). These decisions were made by two physicians (a medical doctor 
experienced in rheumatology research and a general practitioner experienced in Dutch primary care) who 
relied on their clinical experience. The table includes only the most frequently occurring combinations 
(27,092 in total, which is 11% of the total number of 237,016 possible combinations of two diagnoses).  

[TABLE 2].  
• Step 4. The manual grouping was carried out by 29 medical coders (mostly medical students). The 

coders had access to all the available data of a patient, including age, gender, and type, date, and the ICPC-
code of all former diagnoses. Free text added to an ICPC-code by a general practitioner was also available 
to the coders. To increase agreement among grouping diagnoses, the coders were personally supervised, 
worked on the basis of an extensive manual with grouping rules, and discussed difficult cases during 
meetings [17]. 

• Step 5. Diagnoses from prescriptions and referrals (i.e., the indications for the prescription or referral) 
did not pass through the foregoing steps, because they had no ‘type of episode’. Diagnoses from 
prescriptions and referrals that were different from any of the consultation diagnoses of a patient, were 
added to the database as ongoing episodes afterwards. 

3.1.2. Requirements  
The main outcome of the interviews was that the fully computerised method should be in line with the 

basic principles and methods used in the semi-computerised method. The three experts emphasised that the 
primary aim of constructing episodes was to estimate the prevalence and incidence rates; a secondary aim 
was to describe health care use in general practice. A constraint in our study was posed by privacy 
legislation [21], which rendered the free text added to diagnosis codes by general practitioners unavailable 
for the fully computerised method. Therefore, we could not investigate whether or not the free text 
contained additional, medical information that would be useful for grouping diagnoses into episodes.  

3.1.3. Design  
In line with the requirements, we designed the fully computerised procedure as an extension of the semi-

computerised method. Fig. 2 shows the design for EPICON. The grey parts are derived from the 
computerised part of the semi-computerised method. EPI-0 consists of these grey parts, and step 4d. Step 2 
differs somewhat from the semi-computerised method: all diagnoses for which ‘type of episode’ is missing, 
are considered as ongoing by EPI-0 and EPICON.  

[FIGURE 2] 
The black parts in Fig. 2 are new. They consist of three case-based steps (4a–4c), and one ‘rest’ step (4d).  
First, we will explain the case-based design in general and then we will describe the various steps in more 

detail. Important design decisions in developing a case-based system concern the similarity and granularity 
of cases. If we would use a very fine grain size (like defining similar cases as patients with the same sex, 
the same birth date, and the same diagnoses in the same week of the year) we would not find any similar 
cases. Using a very coarse grain size (such as defining similar cases as patients who also have a symptom 
diagnosis) would lead to many misclassifications. During the design process, we experimented with various 
definitions of cases, with the sequence of steps, with the cut-off points used, and evaluated the outcome in 
order to improve the design. In the final design, we used a definition of cases at the level of diagnoses (step 
4a), because this definition provides cases that are both sufficiently similar and numerous (n = 5,772,908 
cases). However, not all diagnoses could be grouped in this way. For these remaining diagnoses, we 
increased the grain size of cases to the level of episodes (step 4b), which resulted in a sufficiently similar, 
but smaller number of cases (n = 2,095,536 cases). For any remaining diagnoses, we increased the grain 
size of cases once more to the level of chapters (step 4c) resulting in a large number of broadly similar 
cases (n = 5,855,741 cases). The various steps are explained in more detail in the section below.  

Step 4a. In this step, we used case-based reasoning at the level of diagnoses. In the retrieval process, we 
defined a problem or an unsolved case as follows: Should diagnosis X be linked to one of the other 
diagnoses of the same patient? For instance, patient Smith visited the general practitioner because he 
fainted that day. The general practitioner assigned the diagnosis fainting (A06), and characterised it as 
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ongoing (i.e., it refers to a continuing health problem). Earlier that year, patient Smith visited the general 
practitioner for other health problems, namely dermatophytosis (S74), general tiredness (A04), and 
hypoglycemia (T87). In this example, the unsolved case is; should the diagnosis fainting for patient Smith 
be linked to one of the other diagnoses of patient Smith, i.e., dermatophytosis, tiredness or hypoglycemia?  

We defined a former similar or solved case as a manually grouped diagnosis X that belongs to a patient 
who also has one of the other diagnoses. In the example above, we selected all the patients for whom the 
diagnosis fainting was manually grouped by one of the medical coders. From this group, we then retrieved 
those patients who were also diagnosed with dermatophytosis, or tiredness or hypoglycemia.  

We were unable to retrieve these solved cases directly from the DNSGP-2 dataset. Therefore, the structure 
of the original dataset had to be changed into a case base that represents cases. Table 3 shows this case 
base. Each row shows a number of similar cases that belong to the same category because they have the 
same combination of diagnoses in common.  

[TABLE 3.]  
In the reuse process, we carried out the following activities. First, we counted the number of cases that 

was solved by either grouping or separating for each category, and calculated the percentage of cases that 
were ‘grouped together’. This percentage was then used to solve the case. For each unsolved case, the 
percentages of all eligible categories were compared to a previously defined cut-off point. If one of the 
percentages exceeded the cut-off point, diagnosis X was linked to this other diagnosis. If all percentages 
were below the cut-off point, diagnosis X was grouped separately. In the patient Smith case, the following 
cases are retrieved from the case base:  

• • A06-S74, a total of 93 cases, 0 times grouped into the same episode (0.0%); 
• • A06-A04, a total of 167 cases, 68 times grouped into the same episode (40.7%); 
• • A06-T87, a total of 15 cases, 8 times grouped into the same episode (53.0%). 

The percentage of the category A06-T87 exceeded the cut-off point for EPICON (set at 48% as explained 
below). Therefore, EPICON linked the diagnosis fainting for patient Smith to the diagnosis hypoglycemia  

Step 4b. In this step, we defined cases at the level of episodes. Here, an unsolved case is defined as 
follows: Should diagnosis X be linked to one of the other episodes of the same patient? We constructed a 
second case base (n = 84,059 different cases) and used the same procedure as the one in step 4a.  

Step 4c. We used case-based reasoning at the level of chapters to handle rare cases that cannot be grouped 
by any of the preceding steps. In this step, an unsolved case is described as whether diagnosis X should be 
linked to one of the chapters to which other diagnoses of the same patient belong. We constructed a third 
case base (n = 10,068 different cases), based on the chapter to which another diagnosis of the same patient 
belongs, and used the same procedure as in step 4a.  

Step 4d. Diagnoses that cannot be grouped by any of the aforementioned steps were set aside. The 
computerised method continuously tried to group these remaining diagnoses because it would still be 
possible to group some of these diagnoses when more information from following diagnoses of the same 
patient became available. In the end, all remaining diagnoses were grouped as separate episodes.  

 
3.1.3.1. Assessing the cut-off points  The optimal cut-off point for each case base was assessed by 

calculating, for various cut-off points, the total number of correctly and incorrectly grouped combinations. 
For example, using a cut-off point of ≥70% in case base 1 (see Table 3) means that all 38 head cold-pain 
(R74-A01) combinations are not grouped together, because 13.2% <70%. This results in 5 incorrectly 
grouped (link failures) and 33 correctly grouped combinations.  

We used two criteria to assess the optimal cut-off points. First, the total number of incorrectly grouped 
combinations should be as low as possible. Second, to avoid systematic bias, the number of link failures 
should equal the number of false links. Subsequently, the optimal cut-off points are ≥48% for case base 1, 
≥42% for case base 2, and ≥71% for case base 3.  

3.2. Evaluation phase  
Table 4 shows the percentage of diagnoses assigned to each step, in EPI-0 and EPICON. The results show 

that the large majority of the diagnoses can be grouped by EPI-0; only 13.1% of all diagnoses are remaining 
diagnoses. Practically all of these remaining diagnoses were grouped by the additional case-based steps in 
EPICON.  

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T7S-4PP200C-1&_user=457046&_coverDate=09%2F17%2F2007&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000021878&_version=1&_urlVersion=0&_userid=457046&md5=217bf0c2514af7727e686871ea64f420#tbl3
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[TABLE 4].  
Fig. 3 shows the number and type of incorrectly grouped diagnoses. EPI-0 misclassifies 7.1% of all 

diagnoses. This percentage drops to 4.7% in EPICON, which is a small, but appreciable improvement. 
Practically all errors in EPI-0 are link failures, whereas EPICON shows a good balance between link 
failures and false links. For both variants, wrong combinations (81 by EPI-0 and 344 by EPICON) are rare.  

[FIGURE 3] 
Both numerous link failures and numerous false links will produce biased morbidity rates, but in opposite 

directions. In particular, prevalence rates will be overestimated by link failures and underestimated by false 
links. Numerous wrong combinations will produce bias in both directions.  

We also examined the number of misclassified diagnoses per ICPC-chapter. Fig. 4 displays the 
distribution of misclassifications (link failures and false links) across chapters in EPICON. In general, this 
figure shows a balanced distribution of misclassifications across chapters, i.e., the number of 
misclassifications is proportional to the total number of diagnoses in a chapter. With the exception of 
chapter A, the percentage of misclassifications per chapter ranges from 1.4% in chapter W (pregnancy and 
family planning) to 6.1% in chapter Z (social problems). Additionally, the number of link failures equals 
the number of false links. An exception is chapter A (general and unspecified), which shows a relatively 
large number of link failures.  

[FIGURE 4] 

4. CONCLUSIONS AND DISCUSSION  
To our knowledge, this is the first study into the development of a case-based system for grouping 

diagnoses in general practice. Previous research in constructing episodes of care focused primarily on 
grouping insurance claims records and did not use a case-based approach [22], [23] and [24].  

EPICON groups diagnoses into episodes, based on a combination of logical expressions, a decision table, 
and information extracted from individual cases by CBR. This application is able to group all diagnoses in 
our dataset, and groups 95% correctly. These results cautiously indicate that EPICONs performance will 
probably be adequate for the purpose of estimating morbidity rates in general practice.  

It is important to note that not all misclassifications will have an effect on the prevalence and incidence 
rates. Only misclassifications that alter episode names can affect morbidity rates. Furthermore, the number 
of altered episode names has to be sufficiently large in proportion to the population ‘at risk’ in the 
denominator, to have an effect at all. Therefore, the analyses of misclassifications should be considered a 
formative evaluation, with the purpose of studying the process of grouping diagnoses. In the next phase of 
this project, we will perform a summative evaluation in which we will examine if EPICON serves its 
purpose by comparing morbidity rates. Dependent on the results of the summative evaluation, EPICON will 
be applied to the LINH database to estimate yearly prevalence and incidence rates of diseases in general 
practice.  

We developed two variants of the fully computerised method. The most simple variant, EPI-0, is based on 
the computerised part of the semi-computerised method that was used in the DNSGP-2. EPI-0 consists of 
logical expressions and a decision table. This variant performs fairly well; it only misclassifies 7.1% of all 
diagnoses. In the other variant, EPICON, we added three case-based steps, based on the manual grouping 
that was used in the DNSGP-2. Comparing EPI-0 to EPICON reveals what CBR adds to EPI-0. This 
procedure lowers the number of misclassified diagnoses only by 2.4%. These results indicate that the large 
majority of diagnoses made in general practice can be grouped using simple methods, whereas additional 
information and more complicated methods are required to group the remaining diagnoses correctly.  

EPICON shows a balanced distribution of misclassifications across chapters with the exception of chapter 
A. This chapter includes general and unspecified diagnoses such as pain and tiredness, which are symptoms 
of many different diseases. Such diagnoses exemplify the problem of grouping diagnoses in general 
practice. Compared to other medical doctors, general practitioners encounter many patients with a broad 
range of symptoms, syndromes, and diseases, and will often have to make an educated guess about the 
relations between them. EPICON is specifically developed for this setting, and is not applicable to other 
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disciplines. The followed procedure, however, could be adopted to develop a system for grouping codes 
from other classifications systems.  

We used the original grouping of the dataset as a ‘gold standard’, which is both the strength and the 
weakness of this study. The strength lies in the fact that we had access to a large database of carefully 
constructed episodes to develop, and evaluate the new episode constructions. The weakness is that our 
comparison may overestimate the performance of EPICON, because the new grouping method is partly 
based on the same rules as the original grouping method. Furthermore, our study is based on the assumption 
that the original grouping is the gold standard. We did not test this assumption, because an evaluation of the 
gold standard was not a focus of our project. Consequently, this study cannot reveal possible flaws in the 
gold standard, for instance in the decision table, that passed on to EPICON.  

This project was carried out in the Netherlands. Dutch general practitioners are in the lead in when it 
comes to using EMRs; practically all practices were computerised in 2001 [25]. Therefore, this project can 
be seen as representative for all countries with a high degree of Information Technology in general practice. 
The followed method is essentially applicable to all large databases of routinely recorded diagnoses in 
general practice.  

In this study, we developed a first, workable application that lends itself for further improvement. A 
further reduction of misclassifications might be achieved by adding time intervals between diagnoses to the 
case bases. In addition, EPICON could be extended to a learning, and interactive decision support system 
by presenting grouped diagnoses to a general practitioner in order to test its solutions. The decision support 
system would assist the general practitioner in grouping diagnoses directly into episodes.  

 
 
Account of what this research has learned  
What was known before the study:  
• Data from electronic medical records (EMRs), recorded in routine care in general practice, are useful, 

but not directly suitable for epidemiologic research. 
• Prevalence and incidence rates can be estimated by grouping diagnoses into episodes of care. 
• Diagnoses can be grouped into episodes of care by using a semi-computerised method. 
• Case-based reasoning is a promising method for classification in “weak theory” domains, such as 

medicine. 
What the study has added to the body of knowledge:  
• Development of a fully computerised method can disclose data from EMRs in general practice for 

estimating prevalence and incidence rates. 
• Insight into the relation between diagnoses, episodes of care, and prevalence and incidence rates. 
• A case-based method for grouping diagnoses from EMRs in general practice into episodes of care. 
• A formative evaluation method for a case-based classification system. 
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