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ABSTRACT 
Production control is an important issue for hospital management. Hospitals are faced with a 
growing demand for care and higher expectations for improved service delivery. For production 
control purposes information is required on different levels of aggregation: process resources and 
patient flows. Patient classification systems can be used to provide data on health care. The 
question is whether existing patient classification systems are suitable for production control 
purposes. In this paper we will elaborate on production control of hospitals and the suitability of 
existing patient classification systems. 
KEYWORDS: patient classification systems, production control. 
 
 
INTRODUCTION 
The need for information on health care seems to be unlimited. This is not surprising considering all the 
different stakeholders who want to influence the direction of the development of health care. 
Government, insurers, hospital management, specialists and patients all have their specific interests in 
health care. Those special interests result in a great diversity of questions: What is the utilisation of 
resources? What are the outcomes of clinical care? What is the quality of care? To answer these 
questions information is required, because without information no effective control can take place. 
Producing information requires data gathering. Many hospital employees are usually occupied with data 
processing, medical specialists spend considerable time recording data, and on a national level you can 
find many health-related registrations. Moreover, the call for more information is growing: ambulatory 
diagnosis and integral costs are just two examples of recent topics urging the need for data. 
 
The degree of detail in the majority of registrations is high. In general one can say that the information 
required by the different stakeholders to strive for an efficient and effective health care is less detailed by 
comparison1. There basically are two ways to decrease the amount of data and the degree of detail: 
selection and aggregation. Selection means only taking into account objects that satisfy certain 
characteristics; aggregation means identifying groups that are similar to each other in some important 
sense. The two main approaches to identifying groups are segmentation and clustering. Segmentation 
(also known as classification) is the process of examining known groups to determine which 
characteristics can be used to identify (or predict) group membership. Clustering is the process of 
identifying groups based on the similarity of some characteristics but without reference to any predefined 
group information. Segmentation methods do attempt to predict values of a target variable. The most 
commonly used segmentation methods are discriminant analysis, logistic regression, tree-based methods 
and neural networks for segmentation. Clustering methods try to find groups of cases that are similar, 
based on a set of fields (clustering fields or variables). Examples of clustering methods are hierarchical 
clustering, K-means clustering and neural networks for clustering2. 
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In this paper we discuss the use of patient classification systems for production control of hospitals. First, 
we elaborate on production control of hospitals. In the second section we describe different classification 
systems. In the third section we compare the different classification systems using a number of criteria, 
and draw some conclusions on the usability for the purpose of production control. 
 
 
PRODUCTION CONTROL OF HOSPITALS 
Before we discuss different patient classification systems, let us take a view of production control in 
health care organisations. In this paper the concepts production control and logistics are used 
indifferently. Production control in health-care organisations (analogous to the definition of production 
control in an industrial setting) is the design, planning, implementation and control of coordination 
mechanisms between patient flows and diagnostic & therapeutic activities in health service organisations 
to maximise output/throughput with available resources, taking into account different requirements for 
delivery flexibility (elective/appointment, semi-urgent and urgent), acceptable standards for delivery 
reliability (waiting list and waiting times), acceptable medical outcomes3. A production control approach 
to hospitals first requires  knowledge about processes. How has the hospital organised its processes to 
meet the market demands? First of all, the hospital organises its access: the emergency department for 
acute emergency cases, the outpatients department for patients that are referred for specialist 
consultation, the diagnostic centres that are used by general practitioners for diagnostic support services, 
and the inpatient wards for admitting patients that require overnight treatment. However, the main 
characteristic of hospital products is that they are organised by specialty: internal medicine, cardiology, 
pulmonology, paediatrics, gynaecology, general surgery, orthopaedics, etc. The physicians belonging to a 
specialty are specialised in treating complaints in a well-defined part of the human body; often there even 
are sub-specialisations within a specialty, for instance diabetics, enterology and oncology as 
specialisations within internal medicine. 
 
This links up with the referral system by general practitioners because the general practitioner can define 
which specialty the patient should consult, based on his first identification of the patient’s complaint. 
This organisational structure, based on specialty -oriented units, is not necessarily a process-oriented 
structure. 
 
In the Netherlands, particularly in university hospitals and large general hospitals, we see a tendency to 
structure the organisation of the hospital into specialty -oriented units while care for patients is not 
constrained within the boundaries of one of those units. This creates tension between control of the 
specialty -oriented unit on the one hand, and the need for coordination of multi-specialty patient flows 
with other specialty units on the other. The underlying idea for hospitals to create units revolving around 
specialties is a more patient-oriented organisation of care, but it is also meant to reduce the complexity 
within that specialty unit. The concept is mainly used as an organisational tool to decentralise managerial 
decisionmaking. This organisational development does not necessarily lead to a different logistical 
organisation of the patient care process. With this we mean the sequence, timing and execution of 
activities for patients by the hospital staff (specialists, nurses and paramedics). What we are looking for 
from a logistics point of view is homogeneity of the underlying processes. This contrasts with 
homogeneity of combinations of costs and diagnoses, which is used in systems for defining hospital 
products such as DRG’s4. When, for instance, one diabetic patient uses the same type and combination of 
resources as another diabetic patient, but requires more follow-up visits we can speak of homogeneity in 
terms of logistics but not in terms of costs! 
 
The question arises whether a different focus (homogeneity of the underlying processes versus 
homogeneity of costs) must lead to a different patient classification system from DRG’s? If so, are there 
other existing patient classification systems that we can use for this purpose? Classification permits 
information to be generalised for explaining and predicting occurrences5. However, Ploman states that 
the degree of generalisation is limited by several factors: variables measured by the system, the setting in 
which the variables are measured, and the objects or items in the classification system. Using 
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homogeneity of the underlying processes as a basis for aggregation implies an extension to the 
limitations mentioned by Ploman. For instance, a patient with a vascular disease visits a vascular 
surgeon. The vascular surgeon decides that the patient also has to visit the specialist for internal medicine 
and the cardiologist. The kind of activities that will occur during the diagnostic  and treatment phase 
depend on the order in which the patient consults these different specialists. Thus, the order of these 
visits influences the underlying processes and therefore patients with a vascular disease can not be 
regarded as one group. The consequence is that to a make a patient classification system suitable for 
production control of hospitals, the sequence of activities must be included. 
 
Given the question we have raised on the usability of patient classification systems for production control 
in health-care organisations, the aspect of the level of decision-making is another important issue. Theory 
principles such as decomposition and aggregation are essential design principles for a proper design of a 
production control system. Decomposition means breaking down a complex problem into a number of 
smaller, less complicated problems. These problems are related to each other, but can be solved relatively 
independently. Aggregation is a method for relating the decomposed parts, investigated separately, to the 
original problem6. 
 
A frequently used type of decomposition in production control is based on the level of decision-making7. 
Depending on the purpose, several levels are distinguished (e.g. strategic, management control and 
operational level). For the investigation of the usability of patient classification systems for production 
control we can distinguish three levels: macro level (in what way can national policy makers benefit from 
a classification system?), institutional level (does the classification system make a contribution on the 
hospital level?) and operational level (to what extent does the classification system support decision-
making on the process level?). 
 
The discussion in this section offers information on design principles for production control in hospitals 
and the consequences for a suitable patient classification system: 
• A focus on the homogeneity of the underlying processes. 
• The aspect of time: sequence, timing and execution of activities for patients by the hospital staff. 
• The different levels of decision-making.  
 
Before making a comparison between the different classification systems by means of a number of 
criteria, we will give an overview of the most frequently used classification systems in the next section. 
 
 
PATIENT CLASSIFICATION SYSTEMS 
This section provides a short overview of the most frequently used classification systems. The 
classification systems described are ICD-9-CM, Disease Staging, Diagnosis Related Groups (DRG’s) 
and Diagnosis Treatment Combinations (DTC’s). Apart from these systems, which are reported in 
literature,  a new type of classification system will be briefly discussed: Hospital Specific Systems. 
Hospital Specific Systems is a construct. In the Netherlands almost all university hospitals have 
developed or are develop ing a classification system of their own. Surprisingly most of them are not 
trying to link up with each other or existing classification systems, but are trying to develop a system for 
internal use. 
 
ICD-9-CM 
The International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) contains 
398 diagnosis groups with a further categorisation based on age, the presence of a surgical procedure, 
and the presence of any additional diagnoses. The result is 7960 case types, which are used to code 
diagnoses and evaluate the utilisation of facilities and services, and the quality of care provided by the 
hospital. 
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DRGs 
Originally developed in the United States in the late 1960s, Diagnosis Related Groups (DRGs) are 
mainly used to relate reimbursement to the provision of inpatient medical care. 383 DRGs are clustered 
into 24 Major Diagnostic Categories. Categorisation of DRGs is based on a principal diagnosis, a 
specification of operating room procedures, the presence of substantial complication or comorbidity, and 
age. The result is a classification system based more on homogeneity of costs than on clinical 
homogeneity. Several attempts have been made to refine the original system (e.g. All Patient DRGs, 
Refined DRGs, All Patient Refined DRGs). 
 
 
Disease Staging 
Disease Staging was developed to create homogeneous patient groups based on principal diagnosis and 
different levels of severity for specific medical and surgical problems. Provider-related variables (e.g. 
choice of treatment) are not included in the system. With 400 medical and surgical problems stage 
definitions, not all possible diseases and illnesses treated in hospitals are covered (there are 20 residual 
categories). 
 
 
DTCs 
Diagnosis Treatment Combinations (DTCs) are currently being  developed in the Netherlands. The 
objective  is to develop a classification system consisting of four broad categories: integral acute care 
with  admission, integral acute care without admission, treatment of chronic care without admission and 
a residual category for diagnostics for patients without admission (e.g. diagnostics supporting a general 
practitioner). Comparison of the first broad DTC-type and the DRG system shows that DTCs aims at a 
system that relates reimbursement to the provision of both inpatient care, and outpatient care. In practice 
this means that one uses the methodology of  the All Patient Diagnoses Related Groups (AP-DRG) to 
predict the integral costs of inpatient and outpatient care. 
 
 
Hospital Specific Systems 
In the Netherlands, particularly in university hospitals and large general hospitals, we see a tendency to 
develop classification systems for internal use. The overall objective is homogeneity of the care process. 
Discontentment about the clinical relevance and the top -down approach of existing classification systems 
has resulted in the isolated development of systems. The absence of a generally accepted methodology 
means that, in general, one can develop a classification system for individual departments (i.e. specialty-
oriented units). A hospital-broad classification system has not yet been  developed. 
 
 
 
COMPARISON OF CLASSIFICATION SYSTEMS 
To describe the hospital product, a relevant and homogeneous patient classification system is necessary. 
Depending on what one wants to describe, an appropriate classification system must be chosen 
(analogous to the adage of the financial world ‘different costs for different purposes’). To make this 
decision after weighing the pros and cons of the different systems, the decision must be based upon 
criteria. In table 1 we illustrate this decision-making process by showing some possible criteria and a 
comparison of the different classification systems. We did not aim to provide a complete list of criteria, 
nor do we wish to imply that our intuitive scores have a solid base. 
 
We have defined three groups of criteria: general purpose criteria (measuring the quality of a 
classification system independent of the purpose of the system), application-dependent criteria 
(measuring to what extent the classification system requires modification when it is used for financial,  
quality or logistics control) and decision level (measuring to what extent the classification system 
supports decision-making on different levels). 
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General purpose criteria 
• Stability: To what extent will the classification system change from year to year? The variable can be 

operationalised by means of the following question: are the characteristics measured inherent to the 
patient or disease process or do these characteristics reflect external factors? 

• Simplicity: Is the rationale for each group understood and accepted by the members of the medical 
and administrative staff? Was the patient grouping based on statistics or physician selection and what 
is the number of categories? 

• Validity & reliability: To what extent are systematic errors limited and is the same patient repeatedly 
classified in the same manner? 

 
Application dependent criteria 
• Financial control: If we want to use the classification system for financial control, we need to know 

how much effort it takes to alter the system to be used for reimbursement, or review of utilisation 
required? Is the system capable of analysing integral costs? 

• Quality control: Quality can be measured as what was actually done for a patient versus what should 
have been done, according to professional medical, nursing and paramedical standards. 

• Logistics control: How much effort does it take to control the coordination mechanisms between 
patient flows and diagnostic & therapeutic activities, taking into account different requirements for 
delivery flexibility, acceptable standards for delivery reliability and acceptable medical outcomes. 

 
Decision level 
• Operations level: To what extent does the classification system support decision-making on the 

operations level? 
• Institutional level: Does the system make a contribution at the hospital level? 
• Macro level: In what way can national policy makers benefit from the system? 
 
An overview of the application of the above-mentioned criteria to the different patient classification 
systems is given in table 1. With plus and minus indicators we indicate in what way the classification 
system meets the criteria. 
 
It goes without saying that the given plus and minus indicators can be worked out in greater detail. 
Moreover, the plus and minus indicators are given relative to each other. For instance a +/- is given for 
DRGs for the criterion of ‘stability’. This is not done because the stability of DRGs is called into 
question, but compared to Disease Staging, DRGs are less stable1. Another example is the + given for 
ICD-9-CM for the criterion of ‘validity & reliability’. By no means do we want to state that the validity 
and reliability of ICD-9-CM is optimal. Every hospital can give many examples of similar patients given 
different ICD-9-CM-codes by different specialists. But compared to the other classification systems, the 
ICD-9-CM system is comparatively valid and reliable. Special attention  must be paid to the 
classification system ‘Hospital Specific Systems’. These systems are a junction of the different patient 
classification systems that hospitals have developed or are developing. There are systems that are a 
modification of existing systems (e.g. a DRG-system for internal use), but also more original systems can 
be found. Therefore it is sometimes difficult to give an evaluation for a specific criterion. The reason we 
have evaluated the different Hospital Specific Systems is that the underlying reason for developing a new 
system is similar for all hospitals: uneasiness about the existing systems. Sometimes the uneasiness 
concerns the use of those systems for production control, sometimes it is the approach of the system (top -
down approach) or the incapability of existing systems to unite hospital management and specialists. 
What we can conclude from the development of hospital specific systems is that the existing 
classification systems can not be used for production control. 
 
In this paper we conclude that for a patient classification system to be suitable for production control in 
hospitals, the system needs to be  focused on the homogeneity of the underlying processes. This means 
the aspect of time has to be included and that the different levels of decision-making must be taken into 
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consideration. The existing systems do not fulfil all those requirements. Table 1 shows that especially a 
system that supports decision-making on the operations level is missing. Also, the aspect of time 
(sequence, timing, and execution of activities for patients by hospital staff) is lacking. A classification 
system suitable for production control still has to be developed. 
 
 

Table 1.  Comparison of classification systems 
 ICD-9-CM DRGs Disease 

Staging 
DTCs Hospital 

Specific 
Systems 

 
stability 

 
+ 

 
+/- 

 
+ 

 
+/- 

 
? 

 
simplicity 

 
+ 

 
+/- 

 
+ 

 
+/- 

 
+ 

 
general 
purpose 
criteria 

 
validity & 
reliability 

 
+ 

 
+/- 

 
+/- 

 
+/- 

 
? 

 
financial 
control 

 
- 

 
+ 

 
+ 

 
+ 

 
- 

 
quality control 

 
- 

 
+/- 

 
+/- 

 
+/- 

 
+/- 

 
application 
dependent 
criteria 

 
logistics control 

 
- 

 
- 

 
- 

 
- 

 
+ 

 
operations 

 
+ 

 
- 

 
- 

 
- 

 
- 

 
institutional 

 
+/- 

 
+ 

 
+ 

 
+ 

 
+ 

 
decision level 

 
macro 

 
- 

 
+ 

 
+ 

 
+ 

 
- 
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