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Preface 

The work presented in this thesis is closely related to the National Intensive Care Evaluation 
(NICE) initiative. Emanating from the project "Dutch specifications for intensive care 
information systems", Prof. Chris Stoutenbeek (1947-1998) initiated NICE. He performed 
this together with other enthusiastic intensivists, people from the CBO (the Dutch institute for 
Health Care improvement) and people from the department of Medical Informatics in the 
Academic Medical Center. The main goal was to assess and improve the quality of intensive 
care medicine in the Netherlands. 

The work for this thesis was carried out at the department of Medical Informatics (head Prof. 
M. Limburg) and the department of Intensive Care in the Academic Medical Center in 
Amsterdam. The close co-operation with the participants of NICE was essential to 
successfully perform this work. NICE has set up a board, an advisory committee and a 
privacy committee to initiate activities and to monitor the progress and legal conditions of 
these activities (see appendix A for the list of members of the board, advisory committee and 
privacy committee). 

The central theme of this thesis — An infrastructure for quality assessment in intensive care — 
is the basis for further work of the NICE foundation. It certainly will be the start for many 
projects to improve quality of intensive care. These projects will contribute to outcome 
improvement of critically ill patients and to treat intensive care patients as efficiently as 
possible. 

I hope you will enjoy reading this thesis as much as I have enjoyed working on it. 

Nicolette de Keizer 
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General Introduction 

1.1 Introduction 

The topic of this thesis is quality assessment of intensive care. We explore, design and 
implement conditions for quality assessment of intensive care from two perspectives: a 
clinical epidemiological perspective concerning data analysis, and a medical informatics 
perspective concerning the structuring of information towards diagnoses. The clinical 
epidemiological perspective is described in part one of this thesis. It presents the 
organisational infrastructure for a quality assessment program for Dutch intensive care units 
(ICUs) and the assessment of quality of ICUs by using prognostic models. Special attention is 
devoted to scoring systems and prognostic models, the performance of these models in the 
Dutch situation, and the added value of refined diagnostic information in the prognostic 
models to estimate hospital mortality for adult intensive care patients. 
One of the starting hypotheses from the medical informatics perspective is that unambiguous 
and structured diagnostic information is essential to define patient categories within the 
intensive care population and to stratify patients accordingly. The second part of this thesis 
therefore describes conditions to arrive at valid instruments to collect and manage data for 
quality assessment of intensive care. It pays special attention to terminological systems which 
facilitate structured registration of diagnoses and retrieval of diagnostic information to enable 
unequivocal patient selection and stratification. 
This chapter is organised as follows. Section 1.2 gives a short history of the medical domain 
of interest in this thesis: intensive care. Section 1.3 is a general introduction to quality 
assessment in intensive care. Section 1.4 introduces Patient Data Management Systems 
(PDMSs), which are important tools to collect data that can be used for quality assessment. 
Section 1.5 gives an introduction to terminological systems, and section 1.6 describes the 
objectives and outline of this thesis. 

1.2 Intensive Care 

Intensive Care has been defined as "a service for patients with potentially recoverable 
conditions who can benefit from more detailed observation and invasive treatment than can 
safely be provided in general wards or high dependency areas" [1]. Intensive care is mainly 
concerned with patients with vital organ failure. The origin of intensive care goes back to 
some developments in the treatment of vital organ failure started several decades ago. 
In the early 1950s, the poliomyelitis epidemic in Copenhagen led to the use of ventilation 
technology and resuscitation techniques in the clinic. These techniques were brought to the 
clinic from the operating room by anesthesiologists, to sustain polio victims which 
experienced respiratory failure due to the paralytic seizures [2-4]. The development of 
intensive care was also stimulated by the awareness that caring for severely ill patients in a 
specific area of the hospital in which expertise is concentrated, could be life saving and is 
more efficient compared to caring for these patients across different wards [3]. Following the 
success of treating life threatening respiratory insufficiency, a significant advance occurred in 
treating renal failure. In 1960 an artificial kidney center was opened in Seattle. This clinic 
was the first that applied a machine, which had been developed by Willem Kolff in the 
Netherlands during the early 1940s, to replace the kidney function [3]. The last important 
inducement for intensive care was the initiative in North America in 1962 to set up special 
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units for continuous monitoring and support of patients with acute myocardial infarction [3, 

5]. 
These events all contributed to the development of the intensive care unit as a treatment 
concept in almost all western hospitals nowadays. In university hospitals, special ICUs, next 
to general ICUs, exist for surgical patients, cardiothoracic patients, neurological and 
neurosurgical patients, pediatric, and neonatal patients. In the Netherlands there are 
approximately 120 ICUs varying from one room 4 bed ICUs to big departments with up to 60 
beds in university and teaching hospitals. Approximately 127,000 patients are admitted in 
Dutch ICUs every year. It is hard, however, to provide the exact number of ICU admissions, 
ICUs or ICU beds because beds labelled as TCU beds' in one hospital may be considered 
medium or high care in others. Internationally, the number of ICU beds varies widely from 
1-2% of total hospital beds in the United Kingdom to 3-4% in the Netherlands [6] and 20% in 
the United States [4]. Again, international variation may partially rest on different definitions 
of an ICU. 
Intensive care is expensive. The technologies to treat and monitor organ failure of critically 
ill patients, are not only costly as consequence of equipment costs, they also require a large 
number of skilled personnel to maintain and use these technical facilities 24 hours a day, 7 
days a week. The nurse to patient ratio (nurse:patient) in the Netherlands varies between 1:1 
for level 1 ICUs (very complex and ill patients) and 1:2 to 1:4 for level 3 ICUs (monitoring 
and treatment of critically ill patients with risk for organ failure) [7]. ICU nurses have 
completed a specialist-training program after the general nursing training. The same applies 
to the medical staff. Although medical care formerly was provided on a consultancy basis 
with one consultant in charge as the clinical director, a growing number of ICUs in the 
Netherlands have fulltime intensivists. A special training program of 12-24 months, after the 
specialization as an anesthesiologist, surgeon or internist, is necessary to become a certified 
intensivist [8]. Most Dutch intensivists have an anesthesiology or internal medicine 
background. 
Research shows that a relatively large proportion of hospital resources is spent on ICUs [7] 
although accurate figures are hard to provide. The mean cost per day on a Dutch ICU ward in 
different sources [9-11] varied between €415 and €1150 in the years 1992-1998 depending on 
the type of hospital and the calculation methods used, for example depending on whether 
overhead costs are included. 
Intensive care undoubtedly improves the outcome of critically ill patients. However, many 
questions arise about the effectiveness and efficiency of intensive care. The work described 
in this thesis provides a basis to address these questions by developing an infrastructure for 
continuous quality assessment in intensive care. 

1.3 Quality assessment and quality assurance in Intensive Care 

Although intensive care obviously reduces mortality and morbidity for many patients, few 
research has evaluated its overall effectiveness and efficiency in a systematic way. Budgetary 
constraints, insurance regulations and professional ambitions now have prompted physicians 
and managers to assess the performance of ICU treatment. To enable quality assessment of 
ICU several initiatives, national as well as international, were born. Quality assessment can 
be defined as the critical appraisal of the measured results of a health care program, in 
comparison with the formulated objectives [12]. In quality assessment three aspects can be 
distinguished: efficacy, effectiveness and efficiency. Efficacy can be defined as the measure 

4 



General Introduction 

in which the health care program achieves the objectives under ideal circumstances [13]. 
Effectiveness can be defined as the measure of agreement between the objective and the result 
of a health care program for a defined population under average circumstances in general 
daily practice [13]. Effectiveness is a more appropriate measure than efficacy in quality 
assessment of intensive care because actual daily practice is considered. Commonly used 
outcome measures for the effectiveness of health care are the five "d's": death, disease, 
disability, discomfort and dissatisfaction [14]. The last three "d's" are sometimes summarized 
with the concept quality of life. In this thesis we restrict our outcome measures to ICU and 
hospital mortality, because death is a sensitive and objective outcome measure and it has 
regrettably a relatively high frequency, making it a suitable indicator. 
Efficiency of a health care program can be defined as the achievement of the objectives under 
an optimal use of resources [13]. To appraise efficiency, costs of care should be added as an 
additional outcome measure and should be related to the clinical outcome measures. 
Independent of efficacy, effectiveness and efficiency, labour satisfaction is also a growing 
outcome measure in quality assessment, but this will not be considered in this thesis. 
It is unethical to evaluate the effectiveness and efficiency of ICU treatment in a randomised 
trial in which one group of patients is treated in a general ward and one in the ICU. 
Furthermore, ICU treatment often consists of many therapies which can not be evaluated 
separately from each other. Therefore, to enable quality assessment of intensive care several 
regional or (inter)national intensive care databases were developed [15-21], of which the 
ICNARC national database [22] is probably the best-known. Information from these databases 
enables appraisal of the effectiveness and efficiency of the care process by comparing 
outcome data with the expected outcome values on the basis of the input of the care process. 
The patient population admitted to ICUs is a heterogeneous group of patients displaying 
many different diseases and varying severity of the diseases. It forms a part of the input of the 
care process (see Figure 1.1). 

Input Outcome 

Patient population 

Human resources 
Other resources 

Care process 

Death 
Disease 
Quality of Life: 
Disability 
Discomfort 
Dissatisfaction 
Costs 
Labour satisfaction 

Figure 1.1 A quality assessment program relates input (patient population and resources) to outcome. 

In consequence of these case mix differences, it is not useful to directly compare outcome of 
different ICUs. A 30% mortality rate in an ICU located in a large university hospital 
compared to a 20% mortality rate in an ICU located in a small general hospital does not 
necessarily indicate better care at the general hospital. The reverse may be true e.g. in [13]. It 
could be the case that the patients admitted to the first ICU are more severely ill than patients 
admitted to the second ICU. Adjustment for these differences in as far as they exist prior to 
admission is called case mix adjustment. Case mix adjustment is necessary before outcome of 
different ICUs can be compared among themselves or with some standard. Existing case mix 
adjustment methods for estimation in intensive care mainly concern mortality by using the 
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Standardized Mortality Ratio, the ratio between the observed mortality and the expected case 
mix adjusted mortality calculated with a prognostic model. 
Case mix adjustment for other outcome measures such as quality of life and cost of care is 
rare. In paediatric ICUs a method for case mix adjusted quality of life, by standardised health 
ratios, is developed in analogy with standardised mortality ratios [23]. The TISS, Therapeutic 
Intervention Scoring System, is often used as an approximation of costs of ICU treatment 
[24-26] and could be used to compare real costs with estimated costs. 

Benchmarking, the process of comparing the data of one entity with a reference [27], is a 
commonly used technique in quality assessment, which has also been applied in intensive 
care. In intensive care, benchmarking often uses the national average of an outcome as the 
reference point. The measurement of effectiveness and efficiency in a quality assessment 
program by comparing the outcome of individual ICUs with the national average outcome, 
clinical or related to resources, is just the starting point for quality assurance. Quality 
assurance can be defined as the critical appraisal of the measured results of a health care 
activity in order to identify whether the formulated objectives of that activity are being 
achieved, and in case of a discrepancy, quality assurance implies a response to reduce the 
deviations from the objectives [28], An operational quality assurance program searches for 
determinants of the difference between achievements of an individual participant (ICUs) and 
the objectives, for example the average of the two best performing ICUs. 

1.4 Patient Data Management Systems 

To enable quality assessment, data about the input and outcome of the ICU is essential (see 
Figure 1.1). During the last years a number of ICUs have implemented a Patient Data 
Management System (PDMS) as a solution to manage the large amount of information 
produced by monitoring instruments, laboratories and care activities in intensive care. A 
PDMS is a computer-based information system which facilitates the collection, integration, 
retrieval and interpretation of the multi-source, multi-variant data found in ICUs [29-31]. With 
a lot of data collected during patient care, including data about demographic features, the 
disease and the severity of illness, the PDMS is a valuable source of information for 
management, research questions and hence also for quality assessment. 
Currently a manual Case Record Form (CRF) is often used as an alternative for electronic 
data collection with the aim of quality assessment. However, the PDMS or in general the 
Electronic Patient Record seems to be a certainty for the future and there are several reasons 
to prefer electronically data collection above manually collected data: a) rules and definitions 
in help functions improve non-ambiguous and consistent data collection; b) the quality of 
data directly imported from bedside equipment, hospital and laboratory information systems 
is expected to be of better quality due to the avoidance of human errors; c) the quality of 
other (manually entered) data in the PDMS is expected to be high because they also play an 
important role in the daily treatment of the patient; d) in theory it does not take additional 
effort when the data set has to be expanded for as long as it concerns data already routinely 
collected in the primary care process; e) data collection and extraction does not give (much) 
additional workload to nurses and physicians as the data are (part of) the data in use for the 
primary care process. There are also some disadvantages in using current PDMS compared to 
manual data collection: a) PDMSs are very costly; b) it takes a lot of effort to configure a 
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PDMS so that it is suitable for the extraction of the desired data set in the right format: c) due 
to the complex database structure of any PDMS. and due to the lack of expertise on 
informatics in the ICU, and the lack of accessible data extraction tools, most ICUs are 
dependent on the PDMS supplier for the extraction of the desired data set; d) data analyses on 
non-validated data can be erroneous, e.g. an automatically imported body temperature of 20 
degrees due to the disconnection of the thermometer should not be used in data analysis. 
Besides these disadvantages one has to be aware of the fact that due to the high frequency of 
sampling (physiological) data by a PDMS the probability of detecting extreme values, e.g. 
blood pressure, is larger. This requires adaptation of the prognostic models derived from such 
"worst value in first 24-hours" data [32]. 

1.5 Terminological systems 

PDMSs in Intensive Care become important tools to collect, integrate, retrieve and interpret 
the large amount of data of ICU patients. One aspect of the total data collection in intensive 
care concerns the collection of reasons for ICU admission during ICU stay. The 'reason for 
admission', but also other diagnostic information such as complications occurring during 
ICU stay, is essential to set up and adapt treatment in daily care practice. It is vital to select 
patient groups or to stratify the patient population in a research or management setting. 
Integration and interpretation of multi-source data in an information system or PDMS are 
only possible when the data are structured. Until now there has hardly been any systematic 
and structured registration of reasons for admission during stay in the ICU. This is largely 
attributed to the lack of an appropriate terminological system for describing diagnoses of 
patients admitted in intensive care. A terminological system is a system that, based on a 
specification of concepts (entities of thought) in a domain, e.g. diagnoses in intensive care, 
and their interrelationships, provides information services such as providing the terms that 
denote these concepts. At this moment none of the PDMSs used in Dutch ICUs, enable 
structured collection of diagnoses. At best an enumerative list with diagnoses (primarily 
based on ICD-9 or ICD-10 [33]) is used. The International Classification of Diseases (ICD) is 
perhaps the best known terminological system used in medicine, originally intended for 
statistical abstraction of mortality data. The first "ICD" was developed in 1893, and through a 
hundred years it evolved into the ICD-10 [33], which was published in 1993. Although the 
ICD is primarily developed for mortality registration its use has widened to use in a general 
clinical setting. For example the ICD-9-cm (clinical modification of ICD-9) [34] was 
developed for morbidity registration and is currently in use in most countries. Some countries 
already use ICD-10 now, but mostly for mortality registration only. 
During the last decades many terminological systems have been developed [35-39] each with 
its own domain and structure to support an unambiguous description of medical concepts. 
Figure 1.2 represents the role of a terminological system in relation to the PDMS and the 
users. The arrows represent the data flow between the information sources. For example, the 
reasons for admission or complications during ICU stay can be entered into the PDMS by 
nurses and physicians, managed by the terminological system. These data can be looked up 
by all people involved with the care and treatment of the patient and by people involved with 
intensive care research or management. 

A terminological system related to the PDMS should (1) support the ICU physicians and 
nurses to describe the patient's health problems as part of the care process and (2) support 
researchers and managers to aggregate the ICU population in relevant patient groups. To 
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enable the first objective, the expressiveness of the terminological system, i.e. the possibility 
to express the things one wants to say, should be adequate. This means among others that the 
level of description detail should not be restricted and that it should be possible to refine 
concepts in the terminological system by making attribute values explicit, e.g. it should be 
possible to refine 'myocardial infarction' into 'acute myocardial infarction' or 'old 
myocardial infarction'. Because in daily care practice users denote a concept with different 
terms, the terminological system should also support the use of synonyms, e.g. 'heart attack' 
and 'myocardial infarction'. 

Refinement of concepts should be possible but in a controlled way. This implies the need for 
syntax rules to avoid insensible or ambiguous concepts. For example, when the concept 
'disease' can be refined by giving the related concept 'aetiology' a value without rules and 
restrictions, it is possible to define a new concept 'pneumonia' caused by 'hepatitis B virus'. 
When for example the relation between the concepts 'diagnoses' and 'treatment' is not made 
explicit, it is impossible to interpret whether the disease is treated by e.g. medication or is 
rather the complication of the medication. 

To support both objectives of a terminological system in IC (to support communication in 
daily care practice, and research), the generation of concepts should be restricted by 
formalising rules based on explicit representation of concepts and their relationships. 

Laboratory 
Information 

System 

e.g. 
respiratory 
rate 

e.g. no. leucocytes 
(test results) 

e.g. blood pressure 

_A 
PDMS 

e.g. medication 
prescription 

e.g. contact person 

Nurse 

Terminological 
System 

e.g. treatment plan 
physiotherapy 

e.g. reason for admission 

1 LJ i 
Physician 

e.g. ICU mortality and length of 
stay of patient admitted with 

gastrointestinal infections 

Other care 
discipline 

1 
Researcher and 
management 

Figure 1.2 The relation between PDMS. Terminological System and their users 
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1.6 Objectives and outline of this thesis 

The objective of the study described in this thesis is to describe the design and 
implementation of a quality assessment program for Dutch intensive care. Design and 
implementation are viewed from a clinical epidemiological perspective and a medical 
informatics perspective. From the epidemiological perspective the following objectives can 
be distinguished: 

1. To analyse the possibilities and limitations to set up an organizational infrastructure, 
including a national database intensive care, to enable quality assessment of Dutch 
intensive care (chapter 3). 

2. To assess the performance of prognostic models to predict hospital mortality for Dutch 
intensive care patients, and to improve one of the prognostic models (the SAPS II) to use 
it in quality assessment comparison of Dutch ICUs (chapter 4). 

3. To examine the additional value of refined diagnostic information to estimate hospital 
mortality taking APACHE II, a well-established prognostic model as an example 
(chapter 5). 

From the medical informatics perspective our focus is on designing, applying and evaluation 
of instruments for describing and structuring data in terms of a terminological system in order 
to facilitate data collection and management. We have the following objectives: 

4. To give an overview of the measure in which current PDMS configurations in Dutch 
ICUs satisfy the Dutch specifications for information systems in intensive care, and 
especially the possibilities and limitations of using these systems to extract a minimum 
data set for the national database intensive care (chapter 6). 

5. To set up a framework for understanding terminological systems and describe our 
experiences with applying this framework to some well-known medical terminological 
systems (chapter 7 and 8). 

6. To design, implement and evaluate a terminological system for intensive care diagnoses 
(chapter 9 and 10). 
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Part One 

Measuring quality of Intensive Care; 
The use of scoring systems and 

prognostic models 

Part one of this thesis deals with general scoring systems to describe the severity of illness for 
adult ICU patients and prognostic models to calculate case-mix adjusted hospital mortality 
for these patients. These models play an important role in quality assessment of intensive 
care because the mortality estimation can be used in the standardised mortality ratio, the ratio 
between the true hospital mortality and the case mix adjusted expected mortality. 
Chapter 2 is the introduction of part one and describes the theory behind case-mix adjustment 
and some techniques to evaluate the performance of the prognostic models. In chapter 3 the 
National Intensive Care Evaluation (NICE) foundation, a Dutch initiative to assess and 
improve quality of Dutch intensive care, is described including the national database 
intensive care in which prognostic models play an important role. Chapter 4 describes the 
performance of the prognostic models in a study based on data of ICUs in three Dutch 
hospitals. Furthermore it reports on the inadequacy of fit of the models used for this patient 
population and the recalibration of one prognostic model. Chapter 5 investigates the added 
value of refined diagnostic information on the performance of the UK APACHE II model to 
estimate hospital mortality for adult intensive care patients. Although the diagnostic 
information is essential to select and aggregate patient categories, this study shows that the 
value of adding refined diagnostic information is limited. 
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Case-mix adjustment 

2.1 Case-mix adjustment 

The relatively high mortality rate among intensive care patients justifies mortality as an 
objective and meaningful measure of effectiveness of intensive care. However, mortality also 
depends on other factors than quality of care, such as the age of the patients and the severity 
of illness at presentation of the patients. These population characteristics are conveniently 
indicated by "case-mix". An ICU in a large university hospital may admit patients with a 
higher risk of death than ICUs in a small general hospital and, therefore, outcome of an ICU 
have to be adjusted for these differences before they can be compared. Several case-mix 
adjusted scoring systems and prognostic models have been developed. A scoring system 
quantifies the case mix by assigning an individual score to each patient, which can be turned 
into a (case-mix adjusted) probability of hospital mortality by a prognostic model. 
Many prognostic models exist: some of the available models were developed for patients 
with a specific clinical condition [1-3] and others were developed for all types of patients in 
intensive care [4-11]. The scope of this thesis is restricted to scoring systems and prognostic 
models intended for use in a general ICU population, such as APACHE II [5], SAPS II [8], 
MPM0/24II [9] and LODS [11]. These prognostic models all date from the eighties and nineties 
and rests on the same statistical approach: the individual probability of hospital mortality is 
estimated by assigning weights to mainly pathophysiological prognostic patient parameters. 
These weights are derived from multiple logistic regression analysis using earlier data. Most 
prognostic models use the worst value in the first 24 hours of ICU admission, but the MPM0II 
uses data known at the time of admission and the MPM4SII and MPM72II also use data from 
the period 48 or 72 hours after ICU admission. 
Table 2.1 presents the evolution of the scoring systems and prognostic models we are most 
concerned with. The most remarkable evolution during the last two decades is the transition 
in variable selection from using only domain expertise (APACHE I) towards statistical 
techniques, possibly in combination with domain expertise. Furthermore, as time went by, 
larger databases were used and more attention was paid to independent validation of the 
model developed, that is, a model derived on population A was tested on population B. The 
variables mostly used in prognostic models are described in Table 2.2. The APACHE III is 
not included in Table 2.2 because the logistic regression equation to transform the APACHE 
III score into a probability of hospital mortality is only commercially available. 
The models serve as devices for quality assessment of ICUs by comparing observed mortality 
in the ICU population with the estimated overall risk of hospital mortality for that population. 
The use of case mix adjusted mortality as a measure of effectiveness presumes that the 
models adjust well for case mix differences. Under this assumption the Standardized 
Mortality Ratio (SMR), which is the ratio of the observed in-hospital mortality in a 
population divided by the expected mortality in that population, is a useful measure to 
express effectiveness of ICUs. An SMR with a confidence interval including 1 means that the 
performance in terms of mortality does not significantly differ from the expectations . An 
SMR with a confidence interval below 1 indicates less mortality than expected, and hence a 
better than expected performance on average. An SMR with a confidence interval above 1 
indicates more mortality than expected and hence a less than expected performance on 
average. 

1 The null hypothesis is that there is no difference between observed and expected mortality. 
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Table 2.1 Published scoring systems and prognostic models for intensive care patients 

Scoring 

system/ 

Prognostic 

model 

[reference] 

APACHE I 

[4] 

APACHE II 

[5] 

APACHE III 

[6] 

SAPS I [7] 

SAPS II [8] 

MPM,,I [12] 

MPMoII [9] 

MPM241I [9] 

MPMJSII 

[10] 

MPM7:II 

[10] 

LODS[ll] 

Year 

1981 

1985 

1991 

1984 

1993 

1985 

1993 

1993 

1994 

1994 

1996 

Number of 

variables in 

scoring system 

(physiological + 

other) 

Number of additional 

variables in prognostic 

model 

34 + 4 (no prognostic model) 

12 + 3 

20 + 3 

13+ 1 

12 + 5 

2 

2 (only commercially 

available) 

0 

0 

2 + 12 (no scoring system) 

2 + 13 (no scoring system) 

4 + 9 (no scoring system) 

4 + 9 (no scoring system) 

4 + 9 (no scoring system) 

12 0 

Selection of 

variables 

Expert panel only 

APACHE I + 

multiple logistic 

regression analysis 

APACHE 11 + 

Multiple logistic 

regression analyses 

APACHE 1 + 

multiple logistic 

regression analyses 

Multiple logistic 

regression 

Multiple logistic 

regression 

Multiple logistic 

regression 

Multiple logistic 

regression 

MPM:411 + 

multiple logistic 

regression 

MPM:4I1 + 

multiple logistic 

regression 

Multiple logistic 

regression 

Training 

Sample 

(N) 

805 

5815 

17440 

679 

13152 

737 

12610 

10357 

3023 

2233 

13152 

(SAPS 11) 

Independent 

test sample 

used 

no 

other study 

yes 

no 

yes 

no 

yes 

yes 

yes 

yes 

yes 
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Table 2.2 Variables included in the scoring systems and prognostic models used in this study. 

Variables APACHE II SAPS 11 MPM„II MPM.jll LODS 

Acute Diagnoses 
Acute renal failure 
Cardiac dysrhytmia 

Cerebrovascular incident 

Gastrointestinal bleeding 

Intracranial mass effect 

Confirmed infection 

X X 

X 

X 

X 

X X 

X 

Chronic Diagnoses 
Chronic renal insufficiency 

Chronic dialysis 

Metastatic neoplasm 

AIDS 
Hematologic malignancy 

Cirrhosis 
Cardiovascular 

Respiratory insufficiency 

Immune insufficiency 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Physiology 
Heart rate 

Respiratory rate 
Systolic blood pressure 

Mean blood pressure 
Temperature 

Prothrombin time 
Urine output 

Pa02 
Pa02/FI02 

Pa02 or A-aD02 

PH 

White blood cell count 

Serum creatinine 
Serum potassium 

Serum sodium 

Serum bicarbonate 

Serum urea 

Bilirubine 

Haematocrite 

Platelets 

Glasgow Coma Score 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Other variables 
Age 
Type of admission 

CPR prior to ICU 
Mechanical ventilation 

Vasoactieve drug >=1 hour 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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2.2 Performance of prognostic models 

As described above, the use of case-mix adjusted mortality in quality assessment presumes 
that the prognostic model defines a baseline level and that mortality in excess of this baseline 
reflects poor quality of intensive care. If the baseline is inappropriately set, the risk of 
hospital mortality will be over- or underpredicted for intensive care patients and therefore 
ICUs will be incorrectly labelled as providing good or poor quality of care. Therefore, the 
performance of the prognostic models should be thoroughly tested before they really can be 
used to compare quality of different ICUs. This is called validation. Commonly used 
performance measures of prognostic models are sensitivity (true positive rate: correctly 
predicted mortality in non-survivors), specificity (true negative rate: correctly predicted 
survival in survivors) and accuracy (overall correct classification, survivors and non-
survivors). These measures are calculated from a 2x2-table presenting observed and predicted 
mortality and survival, given a chosen cut-off point to assign a predicted probability the label 
"expected death" or "expected survivor". A disadvantage of the interpretation of these 
measures is the dependence on the cut-off point. A low cut-off point, e.g. the probability 0.1, 
will give high sensitivity (most non-survivors will have a mortality probability above 0.1, 
hence most non-survival cases will be correctly predicted) and a low specificity (the model 
predicts mortality for patients with any probability above 0.1 but many of them will survive). 
The reverse applies for high cut-off points. In case the population mainly exists of low risk 
patients, the specificity will be large for many cut-off points, because in a large range of 
middle and high value cut-off points the many survivors will (almost) all be correctly 
predicted to survive. For the same reasons the sensitivity will be large in a high risk 
population. Hence the case-mix of a population itself is of influence on the sensitivity and 
specificity of a prognostic model. 

2.2.1 Discrimination and calibration 

More general performance measures of scoring systems are discrimination and calibration. 
Discrimination is a generalisation of accuracy for all cut-off values. The area under the so-
called Receiver Operating Characteristics (ROC) curve is used as a metric measure for 
discrimination. It reflects the proportion of the number of pairs (d,s) from the Cartesian 
product DxS (D is the set of patients who die, S is the set of patients who survive) in which 
Pmort(d) > Pmort (s) divided by the total number of pairs (d,s) from the Cartesian product DxS 
(i.e. all possible pairs). Pmun represents the probability of death. A value close to 1 indicates 
perfect discrimination. Since a ROC curve is a graphical representation of the sensitivity and 
specificity corresponding to all possible cut-off points, the disadvantage of the 2x2 table, 
dependency on the prevalence of the outcome of interest, also applies to this measure. 
Discrimination of a scoring system in a population with mainly high risk patients will be 
excellent because the number of pairs in which (Pmon(d) > Pm0ri (s)) will approximate the 
number of pairs from the Cartesian product DxS, and hence the proportion will approximate 
one. The same is valid to a population with mainly low risk patients. Hence applying such an 
excellent discriminating prognostic model to a population with another case mix will give 
bad results caused by bad performance of the prognostic model regardless of the performance 
of the ICUs. 

20 



Case-mix adjustment 

Calibration, the degree of correspondence between observed and predicted in-hospital 
mortality across predefined risk strata, partially deals with the problem of prevalence 
dependency because it includes different risk strata in the analysis. Calibration can be 
formally tested by the two Hosmer-Lemeshow chi-square statistics. These tests are based on 
stratification of patients into groups with either equal expected risk ranges (H-statistics) or 
equal percentiles of patients per probability range (C-statistics). Within each stratum the 
observed and expected in-hospital deaths and survivors are compared. Large differences 
result in a large Rvalue and a low p-value, suggesting that the model does not fit the actual 
patient group well2. Although prevalence dependency is considered in calibration by using 
different risk strata, there can still be a problem when ICU populations with significantly 
different severity of illness are compared based on an overall well calibrated prognostic 
model. Furthermore, Zhu et al [13] showed that prognostic models applied to small samples 
are more likely to fit well in terms of Hosmer-Lemeshow chi-square statistics compared to 
the same models applied to large samples. Furthermore, in case of equal percentiles of the 
estimated probabilities (C-statistics) the strata are different which disables the detection of 
outperforming risk strata in individual ICUs. 
When discrimination and calibration show that the prognostic model does not fit well to the 
population of interest, the model should be recalibrated (adapting the weights of variables in 
the model), for example Rowan et al. [14] recalibrated the APACHE II for the UK resulting 
into the UK APACHE II, or a new model (new variables) could be developed. 

2 The null hypothesis in this case is that there is no difference between observed and predicted mortality. This 
hypothesis may be rejected when the p-value is <0.05. If the model shows a good fit the null hypothesis should 
not be rejected, and therefore the p-value should be >0.05. 
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NICE: a national quality system in intensive care for and by the professional group of intensivists 

Abstract 
In 1996 NICE (National Intensive Care Evaluation) was founded, on the initiative of an 
professional group of intensivists, to gain insight into and to improve the effectiveness and 
efficiency of Dutch intensive care units (ICUs). To reach this goal, an organisational and a 
technical infrastructure, among which a national database intensive care, were developed. In 
this chapter the motive, history, structure and activities of NICE are described. 

3.1 Motive for an intensive care quality system 
Last decades the increased use of technological equipment and highly specialised personnel 
in intensive care (IC) improved the chance of survival of critically ill patients. In 
consequence, however, intensive care has become a very expensive treatment [1]. In the 
EURICUS-I study median costs of 25 European intensive care units (ICU) stand at € 692 per 
patient per day, varying between € 318 and € 2118 per patient per day (1996-price level) [2]. 
In 1992, research of the institute of Medical Technology Assessment showed mean costs per 
Dutch ICU varying between € 483 and € 1387 per patient per day [3]. The reimbursement of 
intensive care does not match to the real costs of intensive care treatment. Therefore, it is 
important to treat critically ill patients efficiently and to demonstrate the effectiveness of this 
expensive treatment. Next to economic motives, professional motives induced several 
initiatives to improve and rationalise intensive care. 

Both nationally and internationally, several initiatives have been expanded to set up registries 
enabling quality assurance and quality improvement of intensive care. Examples can be 
found in Australia /New Zealand (ANZICS) [4], the USA (IMPACT) [5], United Kingdom 
(ICNARC) [6, 7], Italy (GiViTi) [8] and Belgium (SAPI). In Europe the EURICUS-study used 
samples to investigate the effectiveness and efficiency of European ICUs [9]. Some of these 
registries are intermittent (e.g. several months a year) and/or incomplete (not all patients 
admitted to the ICU during the registration period are recorded). 

A quality system does not only contain one or more registers but also the analyses, feedback 
reports and a structure in which the professional group of intensivists discover and discuss 
the implications to improve intensive care treatment and organisation. In the Netherlands, the 
National Intensive Care Evaluation (NICE) foundation was established in 1996 to enable 
such a quality system for Dutch ICUs. 

3.2 History of the NICE foundation 
The NICE foundation is the follow up of the project "Dutch specifications for information 
systems in intensive care" supported by the Dutch government from 1993 till 1994. In this 
project intensivists and ICU-nurses from eleven hospitals, engineers from industrial parties, 
and scientists with a background of medical informatics were involved. They defined 
specifications for an information system in intensive care which is referred to as a Patient 
Data Management System (PDMS) [10]. One important specification was the definition of the 
minimal data set for a national database intensive care, which has to be collected from each 
admission to the ICU. 
During 1996 eight participants (six intensivists who participated in the project "Dutch 
specifications for information systems in intensive care", a representative of the CBO (the 
Dutch institute for Health Care improvement) and a scientist of the department of Medical 
Informatics in the Academic Medical Centre) defined the data items, and provided definitions 
and formats of the minimal data set. 
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NICE, the owner of the national database, was officially founded in September 1996. In 1997 
a pilot study started in which ICUs of six hospitals ("Onze Lieve Vrouwe Gasthuis" (OLVG) 
in Amsterdam, Academie Medical Centre (AMC) in Amsterdam, University Hopital Utrecht 
(UMCU), Catharina Hospital in Eindhoven, Thorax center Ignatius in Breda and University 
Hospital Maastricht (AZM)) started to collect data according to the minimal data set 
specification. For three hospitals it took a full year (1997) to accommodate the PDMS to the 
minimal data set requirements and they started to deliver data at the end of 1997. The other 
three hospitals were not or just partly equipped with a PDMS. For that reason they decided to 
collect the minimal data set manually in a local database with or without filling in paper-
based forms beforehand. 

Practice experience and the first results of data analyses gave rise to sharpening some 
definitions of the minimal data set and the data delivering procedures which were finalised 
during 1998. Since January 1999 participation to NICE became open for each interested 
Dutch ICU. In February 1999 the NICE foundation has trained four new participants which 
started the collection of the minimal data set from April 1999. 

3.3 Quality assurance and quality improvement by a national database intensive care 
The national database intensive care of NICE is an important tool to monitor the quality of 
Dutch ICUs in terms of effectiveness and efficiency. An idea about the effectiveness and 
efficiency can be obtained by comparing the outcome of an ICU to the expected outcome 
(based on case mix). Mortality constitutes one of the most important outcome measures of 
effectiveness in intensive care and is the starting point of NICE. Observed in-hospital 
mortality within an ICU population can be compared with the case mix adjusted expected 
mortality calculated by the prognostic scoring models. Discrepancy between observed and 
expected mortality within an ICU population and discrepancy between the ratio of observed 
and expected mortality of an ICU with the national ratio provide opportunities to discuss and 
to seek explanations for these differences. The care process is considered as a black box at 
this stage, because the input of (human) resources and its organisation is not yet considered. 
Until the minimal data set is extended with intervention and costs information, efficiency will 
be approximated by length of stay (see Figure 3.1). Explanations for the discrepancies in 
mortality and length of stay can be found in e.g. differences in treatment protocols or 
differences in the organisation of an ICU. From here, the professional group of intensivists 
gains insight into the quality of their ICUs and creates possibilities to improve it. NICE 
stimulates this process by providing quarterly standard reports and by organising annual 
meetings for the participating ICUs. 

Input/Case mix 
• Demographic data 
i Admission data 
> Diagnoses 
> Severity of illness 

• APACHE 11/ III 
• SAPS II 
• MPMo^II 
• LODS 

Outcome 

• ICU and hospital mortality 
• Length of stay 

Future outcome measures: 
• Quality of Life 
• Costs of treatment 
• Complications 

Personnel/Resources 

Figure 3.1 The NICE database contains data to describe input/case mix and the outcome of ICU treatment. 
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3.4 Minimal data set 
In 1999 the minimal data set consists of 96 variables representing characteristics of the 
patient population (input/case mix) and the outcome of ICU treatment. The data set concerns 
data in the first 24 hours of admission and at ICU and hospital discharge. It includes 
demographic patient data (e.g. age), admission and discharge data (e.g. reanimation prior to 
ICU admission, ICU date of admission, survival status) and all variables necessary to 
calculate the prognostic scoring models APACHE II [11], APACHE III [12], SAPS II [13], 
MPM0/24II [14] en LODS [15]. For each variable of the minimal data set, its definition, 
technical format, domain and practical examples are described in a data dictionary [16]. 
Original publications about the prognostic models and the data dictionary of the ICNARC 
Case Mix Programme have been used to unambiguously define each variable as far as 
possible. Figure 3.2 presents an example of a description of the variable "cardiac pulmonary 
resuscitation (reanimation prior to IC admission)" in the data dictionary. This is a typical 
example of a careful definition trying to rule out any ambiguity of the variable. 

Cardiac Pulmonary Resuscitation 

I n d i c a t i o n i f t he pa t ien t has had a CPR (cardiac rnn.s: 
ICU admission De f i b r i l l a t i on a n d / o r p record ia l t hu 
are. exc luded 

w i th in 24 hours pr io r to 
/ i thout cardiac massage 

CPR is r,core.ci "yes" only i f CPR occu r red p r i o r t o I C U admission, independent ly of 
t h e place where t h e pa t ien t has had t h e CPR. So not score, when t h e pa t ien t has 
had t h e C^R dur ing ICU admission. 

Cxampie / Comments " 
Pat ient rsr r iv ts wiTh acute angina on t h e emergency room Ten minutes la te r . 
p r e s e n t a t i o n of ven t r i cu la r f i b r i l l a t i o n f o r which cardiac mosscge was necessary 
The pa t i en t is transfer t o the CCA). N e x t n igh t , r e s p i r a t o r y insuf f ic iency ••> ICU 
CPU s y e s 

Pat ient a d m i t t e d to the CCU Suddenly n r r -c l f i b r i l l a t i o n w i t h high f requency and 
hypotens ion Precord ia l thumps ( tw ice ) resu l t m sinus r h y t h m . I C U admission due 
t o hypotens ion and resp i ra to ry fa i lure 
CPR - no 

APACHE rr 

APACHC i n 

MICE Dotr.dict iGnr.rv Version 9 febr 1999 

Figure 3.2 Example from the data dictionary describing the definition and format of the variable "Cardiac 
Pulmonarx Resuscitation ". 
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3.5 Privacy protection by encryption 
Although patients and participating ICUs have to be identifiable for patient follow-up and for 
communication between the hospital and the data analyser, the privacy of both patients and 
ICUs is protected in NICE. Each hospital has chosen a unique hospital number which is only 
known to the secretary of NICE. All communication, e.g. sending a data set from a 
participating hospital to the data analyser or sending the results of analysed data from the 
data analyser to the hospital, goes through the secretary of NICE. 
To enable the follow-up of patients admitted to different ICUs, identifying data such as the 
patient's name and number are essential. To protect the privacy of patients, only the 
encrypted names and numbers of the patients are imported in the national database intensive 
care. Decryption of these data is only possible in the hospital. Neither the NICE foundation 
nor the data analyser is able to decrypt the patient's name and number. Each participating 
hospital uses the same encryption-algorithm, each with an own password. Despite the 
encryption of the patient's name and number the national database intensive care is a 
registration of personal data. Therefore the national database intensive care is entered at the 
Dutch Data Protection Authority, a legal authority which protects the privacy of individuals 
whose data is entered in registers. Moreover, each participating hospital has to mention the 
use of ICU patient data for scientific research in general public relation material. Patient 
names and numbers will be totally removed for those patients who make objection to the use 
of the data leading to their identification in the national database intensive care. 

3.6 Data processing 
In this section, the process to turn data of an ICU patient into information to improve the 
quality of ICU treatment is described. Information, such as the surveys in the standard 
reports, is only meaningful when the quality of data used for these reports is adequate. 
Adequate quality of data implies complete and correct data. We distinguish two kinds of 
incomplete data: not all variables of the minimal data set are recorded or not all cases 
(admissions) are recorded. The prognostic scoring models suppose that missing data 
correspond to the normal value of that variable, e.g. a missing body temperature is assumed 
to be 37.0 degrees Celsius. The consequences of "normal" imputation of missing variables 
can be serious especially when it is systematic, e.g. when mainly the variables of non-
survivors are not recorded or when the non-survivors are not recorded at all because they 
only stay a short and hectic period on the ICU. In both cases the difference between observed 
and expected mortality can be seriously biased. 
To optimise the quality of data several procedures have been set up. First of all, at least two 
intensivists per participating hospital have to follow the NICE training program to learn the 
definitions of the data set variables and to become aware of common pitfalls in collecting the 
minimal data set. This knowledge has to be disseminated in each participating hospital, 
according to the train-the-trainer principle. Furthermore, each participating ICU is advised to 
implement the domain and inter-variable constraints, described in the data dictionary, into 
their local information system so that entry errors, e.g. age is less than zero or discharge date 
lies before admission date, is detected directly. The computer application to encrypt patient 
names and numbers provided by NICE can also be used to check domains of data. To control 
the completeness of cases, each ICU is advised to use an external file from the hospital 
information system with all admissions to the ICU. This file must also be used to complete 
the minimal data set of each admission with hospital discharge date and status. 
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Before the 7th of each month, the participating ICUs have to deliver a data set of patients 
discharged from their ICU the month before and a data set with hospital discharge data of 
patients whose data have already been sent in a former month. As soon as the NICE data 
manager receives the data set, it is imported into the national database. A quality report with 
comments on the data set structure, the completeness and validity of the data set (as far as it 
can be judged) is sent back to each ICU through the secretary. Improved data, based on this 
quality report, can be sent the next month together with data of new discharges. 
Each quarter of a year the standard report, which is defined in co-operation with the 
participating ICUs, is provided to the ICUs. Each report contains tables in which 
characteristics of the ICU population and the outcome of treatment (mortality and length of 
stay) are compared to the pooled average. 
Figure 3.3 represents the above described data delivering and processing activities. 

NICE 
Datadictionary 
minimal dataset 

Minimal dataset 

Validation & 

Encryption^ 

Encrypted 
Minimal dataset 

National database 
intensive care 

Quality report 

Standard report 

Figure 3.3 Data delivering and processing activities. 
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3.7 Summary and Future work for NICE 
NICE is an initiative for and by the professional group of intensivists, supported by scientific 
societies, to enable quality assurance and quality improvement of Dutch ICUs. After a pilot 
phase of 2 years in which ICU data of six hospitals were collected, and after the 
specifications of the minimal data set were finalised, participation became open for each 
interested ICU in the Netherlands. Active recruitment consisted of sending brochures to each 
Dutch ICU including an invitation for a conference organised in December 1999. Several 
ICUs have already shown interest. Hopefully, the NICE database will achieve national 
coverage, allowing comparison of outcome of an individual ICU to the national average or to 
the average of all comparable ICUs. 
At this moment the minimal data set rests on mortality and length of stay as primary outcome 
measures. Prognostic scoring systems such as APACHE II, SAPS II, MPM0/24II and LODS 
are all used to estimate case mix adjusted mortality risks. Because these models were 
developed on large USA/European populations some years ago, evaluation of the 
discrimination and calibration of these models to the Dutch population is necessary (see 
chapter 4). 
At the start of the NICE foundation, we hypothesised that these prognostic systems could 
gain in accuracy and flexibility when detailed and structured diagnostic information, i.e. the 
reason for admission, was added as explanatory variable. We therefore schedule extension of 
the minimal data set with reason for admission as soon as the diagnostic classification (see 
chapters 9 and 10) is implemented. A natural next step will be the facilitation of an episode 
registration i.e. the registration of the origin and course of all health problems existing during 
ICU treatment. When episode registration is implemented, the next step is to relate therapy, 
interventions and resources consumed to health problems and episodes. 
The current minimal data set can be collected in a simple computer application, but when 
episodes and therapies have to be collected a more extensive application such as a Patient 
Data Management System (see chapter 6) seems to be essential. 
Although NICE, at this stage, helps to assess the quality of intensive care, quality assurance 
is not realised yet. Projects to ascertain the cause of discrepancies between individual ICUs 
and the best performing ICU, and to re-evaluate the performance of these ICUs after 
implementation of improvements, are started up now. For example seeking for differences in 
treatment to explain the differences in length of stay and mortality of CABG patients. Only 
when these steps are implemented in the NICE organisation it will become a complete quality 
assurance system. 
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Abstract 
National Intensive Care Evaluation (NICE) is a national concerted action initiative to assess 
and improve quality of Dutch Intensive Care Units (ICUs). Prognostic models to predict case 
mix adjusted risk of hospital mortality are vital to evaluate the performance of intensive care 
units, with the ratio of observed and predicted mortality being a useful measure for this 
purpose. The choice of a well calibrated model is critical. In this chapter the performance of 
five general prognostic models for intensive care, the APACHE II, SAPS II, MPMo II, MPM24 
II and LODS, were evaluated. Because of lack of fit of these models, one model (SAPS II) has 
been recalibrated and applied to three Dutch hospitals. 

4.1 Introduction 
Although intensive care (IC) obviously reduces mortality and morbidity for many types of 
patients routinely admitted to intensive care units (ICUs), its effectiveness and efficiency is 
not evaluated in a systematic and continuous way. As a relatively large proportion of hospital 
resources is spent on ICUs, budgetary constraints have prompted physicians to assess their 
performance. Over the last two decades several initiatives, national as well as international, 
were born to enable quality assessment in intensive care [1-9]. In the Netherlands in 1996, 
National Intensive Care Evaluation (NICE) was founded for this purpose [10]. A minimal data 
set is collected for each admission to a participating ICU, rather than on subsets of patients. 
After two years of piloting, a minimal data set was defined with definitions and procedures 
tested in practice. The NICE infrastructure independently checks quality of received data, 
calculates severity of illness scores and hospital mortality predictions according to APACHE 
II/III [11,12], SAPS II [13], MPM0/24II [14] and LODS [15], delivers reports about quality of 
data and benchmarking report in return, and organises yearly audit meeting. The standard 
report describes aggregate patient characteristics and outcome (mortality and length of stay) 
of individual ICUs compared to the pooled average. The ratio of observed in-hospital 
mortality and expected hospital mortality (as projected for this case mix by the prognostic 
models), more commonly called the Standardised Mortality Ratio (SMR), can be used as a 
benchmark to compare quality of care in ICUs. Case mix adjustment with prognostic models, 
however, requires prior testing of discrimination and calibration of the models applied [16, 
17]. 
This chapter investigates the performance of several available multipurpose models for adult 
ICU patients. Case mix of the populations on which the models have been developed and of 
our population is compared, and discrimination and calibration of the models are tested. 
Recalibration of the SAPS II model is described and the suitability for auditing Dutch ICUs 
this way is discussed. 

4.2 Material and methods 
Hospitals 
From 1997 eight ICUs of three teaching and three university hospitals started to collect the 
minimal data set for each patient admitted to their unit. Three ICUs were mixed medical and 
surgical units, two ICUs were medical, one ICU was surgical, and one was neurosurgical. 
One ICU, specialised in cardiovascular surgery, was excluded from the study described in 
this chapter, according to the exclusion criteria of the prognostic models. 
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Data collection 
The minimal data set contains 96 variables describing demographics, admission and 
discharge date, ICU and hospital discharge status and all variables to calculate severity of 
illness scores and hospital mortality predictions according to APACHE II, APACHE III (only 
score), SAPS II, MPM0/24II and LODS. Delegates from the participating ICUs are actively 
involved in maintaining the data definitions. An online data dictionary with definitions and 
examples adds to homogeneity of clarification. Detailed information on the minimal data set 
can be read on the web site [18] (in Dutch). 
For efficiency the minimal data set is retrieved from existing information systems as much as 
possible. Two ICUs combine data from a local database (with or without filling in paper-
based forms beforehand) with data from the hospital information system. The other five units 
derive all data from their Patient Data Management System (PDMS) which were adapted to 
the demands of the minimal data set [19]. Data extraction problems leaded to exclusion of two 
ICUs. For this study we used data from all consecutive admissions to five ICUs of three 
hospitals from January Is' 1998 till January 1st 1999. 
Exclusion criteria for the analysis were identical to those prescribed by the prognostic 
models, i.e. patients younger than 16 years (APACHE II) or 18 years (SAPS II, MPM0/24 II, 
LODS), patients with a length of stay in ICU < 8 hours (APACHE II), and patients admitted 
for burns, suspected myocardial infarction, coronary artery bypass grafts (APACHE II, SAPS 
II, MPMo/24 II, LODS) or cardiac surgery (SAPS II, MPM0/24 II, LODS). For patients with 
multiple ICU admissions during the hospital stay, only data from the first admission were 
used. 

4.3 Data analysis 
The characteristics of the Dutch ICU population were compared to those of the populations 
on which the APACHE II, SAPS II, MPM0/24 H, LODS were developed (to the extent 
described in the literature). Chi-square statistics and Mest were applied with p=0.05 as 
threshold. 
To evaluate the performance of APACHE II, SAPS II, MPMo/24 II and LODS in our 
population, calibration and discrimination were assessed. To describe discrimination the area 
under the receiver operating characteristics (ROC) curve is used. A value above 0.7 is usually 
considered satisfactory, a value higher than 0.8 is usually considered excellent. 
To measure the calibration of a model the degree of correspondence between observed and 
predicted in-hospital mortality across predefined risk strata was formally tested by the two 
Hosmer Lemeshow chi-square statistics. These tests are based on stratification of patients 
into groups with either equal expected probability ranges (H-statistics) or equal percentiles of 
the estimated probabilities (C-statistics). Within each stratum the observed and expected in-
hospital deaths and survivors were compared. Large differences result in large % and a low 
p-value, suggesting that the model does not fit well to the actual patient group. To recalibrate 
a model with unsatisfactory performance the data set was randomly split into a training set 
(80%) and a test set (20%) and logistic regression was used to derive a new equation for 
hospital mortality prediction on the training set. Independent variables were equal to those 
used in the original models and in-hospital mortality was the dependent variable. Again, 
performance of the customised model was evaluated by area under the ROC curve and 
Hosmer-Lemeshow goodness-of-fit tests. 
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Finally, for illustrative purpose we compared performance of ICUs from three hospitals based 
on stratified comparison of SMRs. Harshly defined, starting from the principal that the 
predicted mortality is well calibrated, a SMR <1.0 demonstrates less mortality than expected 
according to the (case-mix adjusting) prognostic model. Reversely, a SMR significantly 
exceeding 1.0 suggests excess mortality according to the prognostic model. The 95% 
confidence intervals of SMRs were calculated according Gardner and Altman [20]. When 
SMRs differ between ICUs, the ICU length of stay is compared to check for differences in 
discharge policy. 
All statistical analyses were executed using SPSS version 8.0. 

4.4 Results 
During 1998 data of 5705 consecutive admissions were collected. We excluded per protocol 
re-admissions (n=194), patients younger than 16 years (n=85) or 18 years (n=l 14), patients 
admitted to the ICU less than 8 hours (n=182), patients admitted for suspected myocardial 
infarction, coronary artery bypass grafts (n=2458) or cardiac surgery (n=517). A data set 
remained of 2437 admissions for APACHE II (called data set A) and a smaller subset, due to 
other exclusion criteria, of 2067 admissions for SAPS II, MPMo/24 II and LODS (called data 
set B). 
Table 4.1 showed that none of the characteristics of the Dutch ICU admissions (data set A) 
differed from the 5030 admissions from the American APACHE II study. The distribution of 
APACHE II score for non-surgical and post-surgical admissions is presented in Table 4.1 and 
Figure 4.2. The Dutch population has a statistical significant higher score compared to the 
American APACHE II population. 
Table 4.2 shows the comparison between characteristics of the Dutch ICU admissions (data 
set B) and the European/North American population used to develop SAPS II and LODS. 
None of the characteristics showed statistical difference between the two populations. Table 
4.3 represents characteristics of the Dutch population (data set B) compared to the population 
used to develop the MPMo/24 II models. The only statistical significant difference found was 
that Dutch patients were more likely to be mechanical ventilated at the time of admission or 
immediately thereafter (p<0.001). 
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Table 4.1 Characteristics of Dutch population compared to APA CHE II validation population. 

Characteristic 

Number of admissions 

Hospital mortality (%) 

Nonsurgical (%) 

Postsurgical (%) 

Peripheral vascular surgery (%) 

Trauma (multiple/head) (%) 

Craniotomy for neoplasm (%) 

Extracerebral haemorrhage (%) 

Cardiac arrest (%) 

GI bleeding (%) 

Thoracotomy for neoplasm (%) 

Sepsis (%) 

Respiratory infection (%) 

Drug overdose (%) 

APACHE II 

5030 

19.7 

40.0 

60.0 

10.7 

7.6 

6.0 

5.4 

4.8 

4.6 

4.4 

3.8 

3.7 

3.1 

NICE 1998 

2437 

19.0 

30.0 

70.0 

4.7 

3.5 

3.5 

7.5 

4.2 

1.3 

4.5 

5.2 

5.3 

3.0 

Non surgical 

Hi hmj 
0-4 5-9 10-14 15-19 20-24 25-29 30-34 >35 

I APACHE II population D Dutch population 

Post-surgical 

Ifc 
0-4 5-9 10-14 15-19 20-24 25-29 30-34 >35 

IAPACHE II population DDutch population 

Figure 4.1 Distribution APACHE score for the 
American population and the Dutch population 
for non surgical patients. 

Figure 4.2 Distribution APACHE score for the 
American population and the Dutch population 
for post-surgical patients. 
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Table 4.2 Characteristics of Dutch population compared to SAPS II/LODS population. 

Characteristic 
Number of admissions 
Hospital mortality (%) 
Unscheduled surgery (%) 
Scheduled surgery (%) 
Medical (%) 

Age (years ± SD) 
Male (%) 
Female (%) 
LOS ICU (days ± SD) 
LOS hospital (exl pre-IC) 

SAPS Il/LODS 
13152 

21.8 
19.6 
31.2 
48.4 
57.2 ± 18.5 
59.6 
40.4 
6.6 ±9.5 

19.1 ± 18.9 

NICE 1998 
2067 

22.9 
18.5 
30.6 
50.8 
57.7 ± 18.1 
58.0 
42.0 

5.8 ± 10.6 
23.3 ±32.0 

Table 4.3 Characteristics of Dutch population compared to MPM0/24II population. 

Characteristic 

Number of admissions 
Coma or deep stupor (%) 
Heart rate>= 150 (%) 
Systole <=90 (%) 
Chronic renal insufficiency (%) 
Cirrhosis (%) 
Metastatic neoplasm (%) 
Acute renal failure (%) 
Cardiac dysrhytmia (%) 
Cerebrovascular incident (%) 
Gastro-intestinal bleeding (%) 
Intracranial mass effect (%) 
Cardiopulmonary resuscitation 
prior to admission (%) 
Mechanical ventilation prior to 
admission or immediately 
thereafter (%) 
Medical or urgent surgery (%) 

MPMo/24 II 
19124 
11.5 
2.6 
8.7 
4.6 
3.3 
6.4 

6.5 
15.7 
8.3 
6.9 
9.2 
4.2 

49.1 

69.6 

NICE 1998 

2067 
7.0 
4.4 
15.3 
5.4 

1.5 
5.5 
7.3 
14.1 

8.1 
3.7 
9.9 
10.9 

72.0 

69.3 
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In data set A the APACHE II model predicted 538 (22%) hospital deaths, while 462 (19%) 
were actually observed (SMR= 0.86, 95%-CI 0.78-0.94). Data set B contains 473 observed 
deaths while 523, 505, 571 and 590 deaths were predicted by SAPS II, MPM0II, MPM24H and 
LODS respectively. SMRs with 95% confidence intervals are 0.90 (0.82-0.99), 0.93 (0.85-
1.02), 0.83 (0.76-0.91) and 0.80 (0.73-0.88) respectively. 
The APACHE II and SAPS II models had good discriminative power (area under the ROC 
curve 0.82 and 0.81 respectively). Discriminative power of MPM0 II, MPM24II and LODS 
was less but still good (area under the ROC curve 0.77, 0.79 and 0.78 respectively). 
The calibration curves (Figure 4.3) for all models demonstrated that predicted mortality was 
on average higher than observed mortality. Hosmer-Lemeshow goodness-of-fit H statistics 
varied between 61.9 for APACHE II and 138.5 for LODS II. C statistics varied between 34.8 
for APACHE II and 73.1 for SAPS (Table 4.4). This implies a significant lack of fit for all 
models. Miscalibration was significant in low risk patients (0 till 10% risk of hospital 
mortality) for APACHE II and for middle risk patients (30% till 50% risk of hospital 
mortality) for MPM0 II, MPM24 II and LODS. Low risk patients (0 till 10% risk of hospital 
mortality) had a significant higher hospital mortality than predicted by SAPS II. 

4—APACHE I 

B-SAPS II 

MPM0II 

MPM24 II 

* -LODS 

T 1 1 1 1 1 1 1 1 

-0.1 -0.2 -0.3 -0.4 -0.5 -0.6 -0.7 -0.8 -0.9 -1.0 
Predicted mortality 

Figure 4.3 Calibration curves for APA CHE II, SAPS II, MPM„/:4 II and LODS. 
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Table 4.4 shows the Hosmer-Lemeshow goodness of fit statistics splitted up for the three 
hospitals. One of the three hospitals had a bad fit for all models, but the other two hospitals 
had a good to fair fit for APACHE II, SAPS II, MPM0 II, and MPM24II. The LODS model 
performed badly in all hospitals. 

Table 4.4 Hosmer-Lemeshow goodness of fit test H and C per hospitals. 

All 

Hospital A 

Hospital B 

Hospital C 

APACHE 11 

H 

61.9 c 

29.6 b 

72.4 c 

1.13 

C 

34.8 c 

10.4 

60.7 c 

14.9 

SAPS II 

H 

82.3 c 

32.2" 

89.6 c 

15.4 

C 

73.1 c 

28.9" 

90.4 c 

25.0 a 

MPM0II 

H 

95.9 c 

50.5 c 

84.1 c 

11.8 

C 

52.7 c 

23.2 a 

66.7 c 

17.1 

MPIVk, 11 

H 

60.7 c 

25.5 a 

100.9 c 

15.6 

C 

59.4 c 

15.2 

101.1 ' 

18 .5 ' 

LODS' 

H 

138.2' 

49.2 c 

107.9' 

26.06 

adf=10, p<0.05 
bdf=10,p<0.001 
cdf=10, pO.0001 

Since it was not possible to create 10 approximately equal risk categories, it was not possible to calculate C 

statistics for LODS. 

To investigate which patient categories caused misfit in the original models, SMRs per 
hospital were calculated according to risk groups, age and diagnostic categories. The hospital 
with the poor fit of the original models (hospital B) had a significant lower observed in-
hospital mortality than the predicted mortality by APACHE II, SAPS II, MPM24 II and LODS 
for all patients together and for the risk categories 10-20% and 30-40% in APACHE II, 20-
30% and 70-80% in SAPS II, 10-40% and 50-80% in MPM24H, and 20-40%, 50-60% and 80-
90% in LODS. In the other two hospitals only the low-risk patients (0-10% risk of hospital 
mortality) had a statistical significant higher observed in-hospital mortality than predicted by 
SAPS II, MPMo/24 II and LODS. There were no significant differences between observed and 
predicted in-hospital mortality in any of the age categories in any hospital. 
SMRs based on APACHE II were calculated for the largest diagnostic categories: heart valve 
surgery (n=504), craniotomy for intracerebral haemorrhage (n=129), respiratory infection 
(n=129), sepsis (n=127) and peripheral vascular surgery (n=l 15). Hospital B had a significant 
lower observed in-hospital mortality than predicted mortality for patients admitted after heart 
valve surgery and hospital C had a significant lower observed in-hospital mortality than 
predicted mortality for patient admitted after a craniotomy for intracerebral haemorrhage. 
In both situations (heart valve patients in hospital B and patients admitted after a craniotomy 
for intracerebral haemorrhage in hospital C) the ICU length of stay was significant shorter 
compared to the other hospitals due to more frequently and early transfer to the medium care 
unit. For other diagnostic categories statistical significant differences in mortality between 
hospitals were absent. 
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Because of lack of fit of the original models a new regression equation for in-hospital 
mortality prediction was derived using the training set (n=1650) with, like in the original 
SAPS II model, the SAPS II score and ln(SAPS II score) as independent variables. 
Coefficients of original and recalibrated SAPS II models are presented in Table 4.5. The area 
under the ROC curve showed good discrimination for both training set and test set (n=417); 
0.807 and 0.815 respectively. 
The Hosmer-Lemeshow statistics showed good calibration on the test set; H=9.5, 10 df, p=0.3; 
C=10.9, 10#p=0.28. 

Table 4.5 Coefficients of original and recalibrated SAPS II 

Variables 

SAPS II score 
Ln(SAPS II 
score) 
Constant 

Original SAPS II 
Coefficients 
0.0737 
0.9971 

-7.7631 

Recalibrated SAPS II 
Coefficients 

0.0337 
1.4563 

-7.8646 

To calculate the probability of hospital mortality according to the recalibrated SAPS II: 
-7.8646 + 0.0337* SAPS II score +1.4563[ln(SAPS II score)] 

P(mortality) = I 
, , -7.8646 + 0.0337* SAPS II score +1.4563[ln(SAPS II score)] 

Because customisation changed predicted mortality, it also changed the SMR. Table 4.6 shows 
SMRs per hospital for the five original models and the recalibrated SAPS model. For all 
models hospital B has a lower SMR compared to hospital A and C, although the difference 
between observed and expected mortality is not statistical significant in the recalibrated SAPS 
II model. 

Table 4.6 Standardized mortality ratios per hospital per model 

Model 
APACHE II 
SAPS II 
MPM0 II 
MPM24II 

LODS 
Recalibrated 
SAPS II' 

All 
0.86 (0.78-0.94) 
0.90(0.82-0.99) 
0.94(0.85-1.03) 

0.83(0.76-0.91) 
0.80(0.73-0.88) 
0.88(0.70-1.09) 

Hospital A 
0.88(0.73-1.05) 
1.02(0.86-1.22) 
1.19(0.99-1.41) 

1.03(0.86-1.23) 
0.89(0.74-1.06) 

0.89(0.53-1.39) 

Hospital B 
0.72(0.61-0.84) 

0.68 (0.58-0.79) 
0.73 (0.62-0.85) 
0.60(0.51-0.71) 

0.64 (0.54-0.75) 

0.79(0.70-1.13) 

Hospital C 

1.02(0.88-1.19) 
1.13(0.97-1.30) 
1.04(0.90-1.20) 

1.01 (0.87-1.17) 
0.94(0.81-1.09) 
1.00(0.70-1.37) 

' Confidence interval is larger compared to other models due to a smaller sample size because the data set has 
been split into a training set and a validation set. 
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4.5 Discussion 
Over the past 15 years several initiatives were started to quantify performance of intensive 
care. Instruments have been developed to evaluate the performance of intensive care and to 
compare ICUs among each other. The ratio between observed and predicted hospital mortality, 
the Standardized Mortality Ratio, is one of the statistical tools. The appropriateness of such a 
tool depends on the assumption that existing prognostic models can adjust for differences in 
case mix, because patients admitted to ICUs are a heterogeneous group of patients with large 
differences in admission diagnosis, acute and chronic health status and physiological 
disturbance. Under this assumption the difference between observed and predicted mortality in 
patient populations of different ICUs can be attributed to local differences in quality of care. 
As earlier argued by others [21, 22] there are some other issues which have to be taken into 
account before we can use the SMRs presented in this chapter to judge quality of care of 
Dutch ICUs. Firstly, in this study we only used data of five ICUs of three large university or 
teaching hospitals. These ICUs are not representative for all Dutch ICUs just as patients 
admitted to these ICUs are not representative for the total Dutch ICU population. Since April 
1999 four new ICUs started participation in the NICE project and active recruitment at the end 
of 1999 has led to many interested ICUs. As showed in Table 4.1, and Table 4.3 our study 
population corresponds to a large degree with the American APACHE II population and the 
European/North American population underlying the SAPS II, MPM 0/24II and LODS. 
However, the Dutch population had significant higher APACHE scores than the APACHE II 
population indicating that the Dutch population is more severely ill. A firm conclusion on 
similarity requires more descriptive data from the original APACHE II and SAPS II 
population, than available in the literature. This is particularly relevant as the Dutch 
population of this study is probably not a representative sample from the total Dutch ICU 
population. 
Another issue which has to be taken into account before we can use the SMRs presented in 
this chapter as performance tool is the quality of the data collection, especially the intra- and 
interobserver variability. To reduce variability new ICUs have to be trained before they can 
start participation in the NICE project. Furthermore, next to existing value-domain and 
consistency checking, extensive procedures to check quality of data collection are developed 
at this moment. For example, site visits to evaluate local data collection procedures, evaluation 
of PDMS extraction queries and sample-based recollection have to further improve the quality 
of the Dutch database. 
This study demonstrated that the discrimination of all prognostic models was good, especially 
in APACHE II and SAPS II. However, calibration showed a lack of fit in all models. The 
recalibrated SAPS II model showed good discrimination and calibration. SAPS II is chosen for 
recalibration because this model is most commonly used and has best discrimination next to 
APACHE II. Furthermore, the number of patients with characteristics used as independent 
variables is sufficient in contrast to the APACHE II model, in which the number of patients 
per APACHE II diagnostic category is very small or even zero in our database at this moment. 
Over-prediction of hospital mortality of the original models was obvious in one of the three 
participating hospitals (hospital B). This can be an indication that the quality of care provided 
in this hospital is better compared to the care provided in the American/ European situation 
and maybe also compared to hospital A and C. The recalibrated SAPS II model, however, 
does not show a statistical significant lower in-hospital mortality than the predicted mortality 
(SMR=0.79. 95% CI 0.70-1.13) although the SMR is still lower than the SMR of hospital A 
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and C. The small number of patients in the test set, resulting in large confidence intervals of 
the SMR, can influence this non-significant difference between observed and predicted in-
hospital mortality. The significant lower observed than predicted in-hospital mortality of 
hospital B was presented in low and middle risk categories and in heart valve surgery patients. 
In hospital C patients admitted to the ICU after a craniotomy for cerebral haemorrhage had 
significantly lower in-hospital mortality than predicted. Those patients also had a significant 
lower IC length of stay. Early discharge to a medium care unit instead of a general ward is the 
most probable explanation for these observations. The heart valve surgery patients from 
hospital B had also a lower post-ICU length of stay. However, the post-ICU length of stay for 
patients admitted to the ICU after a craniotomy for cerebral haemorrhage in hospital C was 
much longer compared to that of hospital A. Other patient categories (age categories or large 
diagnostic categories) showed no difference between observed and expected in-hospital 
mortality or between individual ICUs. Again, the fairly small number of patients in each 
category, resulting in large confidence intervals of the SMR, can influence these outcomes. 
Furthermore, differences between the three hospitals in destination after hospital discharge e.g 
home, nursery home or another hospital can lead to bias. Unfortunately, we do not collect data 
about survival in the period after hospital discharge, e.g. 6 or 12 month after hospital 
discharge, to ascertain an outcome measure, unbiased by discharge policies. 
Given the lack of fit of all models, recalibration seems necessary. The recalibrated SAPS II 
model showed good discrimination and calibration. SMRs based on this recalibrated model 
can be used as a benchmark to compare different ICUs and to follow these ICUs in time. 
However, with more ICUs participating in the NICE project performance of existing models 
should be re-evaluated and recalibration of other models such as APACHE II also becomes 
possible. 
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Abstract 
Objective: to investigate in a systematic, reproducible way the potential of adding increasing 
levels of diagnostic information to models that predict hospital mortality. 
Design: prospective cohort study. 
Setting: 30 UK intensive care units (ICUs) participating in the ICNARC Case Mix 
Programme. 
Patients: 8057 admissions to UK ICUs. 
Measurements and results: Logistic regression analysis incorporating APACHE II score, 
admission type and increasing levels of diagnostic information was used to develop models to 
estimate hospital mortality for intensive care patients. The 53 UK APACHE II diagnostic 
categories were substituted with data from a hierarchical, 5-tiered (condition required 
surgery, body system, anatomical site, physiological/pathological process, condition) coding 
method, the so-called ICNARC Coding Method (ICM). The inter-rater reliability using ICM 
to code reasons for admission was good (K=0 .70) . All new models had good discrimination 
(AUC= 0.79-0.81) and similar or better calibration compared with the UK APACHE II model 
(Hosmer-Lemeshow goodness-of-fit H= 18.03 to H=26.77 for new models versus H=63.51 
for UK APACHE II model). 
Conclusion: the UK APACHE II model can be simplified by extending the admission type 
from 2 to 3 types and substituting the 53 UK APACHE II diagnostic categories with 9 body 
systems, without losing any discriminative power or calibration. 

5.1 Introduction 

Patients admitted to intensive care units (ICU) form a heterogeneous patient group. Case mix 
(judged on age, acute severity, comorbidity, surgical status and type of disease) varies 
widely. The development and application of models to estimate hospital mortality, defined as 
death before discharge from hospital following intensive care, is a growing field of research 
[1-7]. 
All prognostic models, such as the Acute Physiology And Chronic Health Evaluation 
(APACHE) I, II and III [8-10], the Simplified Acute Physiology Score (SAPS) I and II [11,12] 
and the Mortality Prediction Models I and II 0.24.48.72 [13-15], primarily rely on age, 
physiological variables and the presence of chronic, severe conditions as explanatory 
variables. In the APACHE II and III models, diagnosis or reason for admission is also 
included as an explanatory variable. Each diagnostic category is defined as a dichotomous 
variable and reflects information not explained by age, physiology and chronic illness. 
The diagnostic categories included in the APACHE II and III models were derived from the 
literature and expert opinion, and are two-tiered. The first tier is based on the body system 
affected, for example, the respiratory system, the second tier on the specific process or 
condition, for example, infection. The second tier can be of varying level of detail from well 
defined conditions, for example diabetic ketoacidosis, to groups of conditions, for example, 
peripheral vascular surgery. Allocation of a patient to a diagnostic category is often 
troublesome due to the lack of unequivocal definitions. Where a patient cannot be coded to a 
specific process or condition, solely the first tier, the body system, is coded. This often results 
in a large group of heterogeneous admissions coded only to the first tier. 
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The purpose of this study was to investigate, in a systematic, explicit way, the potential of 
adding an increasing level of diagnostic information to a prognostic model. Systematic here 
implies the use of a five-tiered, hierarchical coding method, the ICNARC Coding Method 
(ICM). 
The ICM was derived empirically from textual data describing the reason for admission for 
10,806 patients from the Intensive Care Society's UK APACHE II study [1, 2], It was 
developed and tested by a Working Group of 7 senior, intensive care physicians and 
researchers involved in the Intensive Care National Audit & Research Centre (ICNARC) in 
the United Kingdom (UK). ICNARC is a centre established to undertake comparative audit 
and evaluative research of intensive care. The primary requirement for the method was that it 
would add explanatory power when attempting to estimate hospital mortality [16]. Due to its 
five-tiered hierarchy, the ICM allows for stepwise analysis to investigate the potential value 
that each level of diagnostic information adds to a prognostic model. Each step allows 
inclusion of a new tier of information: tier one — whether the condition required surgery or 
not; tier two — the body system; tier three - the anatomical site; tier four - the physiological or 
pathological process; and tier five —the condition or disease. The tiers are denoted by 
"surgical", "system", "site", "process" and "condition", respectively. At each of the five tiers, 
selection returns a unique code. The final code is the result of the five selections. The same 
conditions (on the fifth tier) can be the consequence of different paths (Figure 5.1) and the 
1140 final codes relate to 741 unique conditions. Each ICM final code has been mapped to 
the original APACHE II diagnostic categories [9]. 

The first objective of this study was to investigate the inter-rater reliability of the ICM and 
the second objective was to test the hypothesis that increasing levels of diagnostic 
information improved estimation of hospital mortality. 

5.2 Methods 

Data for investigating ICM inter-rater reliability 
To measure the inter-rater reliability of coding using the ICM, a random sample of 43 
admission records from two Dutch, mixed ICUs (one university hospital and one teaching 
hospital) were coded by two intensivists. They independently used the ICM to code 
(multiple) reasons for admission of these 43 admissions, based on information available in 
the first 24 hours of ICU admission. 

Data for testing the added value of increasing level of diagnostic information 
Data from the ICNARC Case Mix Programme in the UK was used for these analyses. The 
Case Mix Programme is the national, comparative audit of intensive care patient outcome 
[17]. The data made available for this study consisted of anonymised records for 8057 
consecutive admissions to 30 UK ICUs (from January 1997 to March 1998). Data included: 
variables such as age, APACHE II score and APACHE II estimate of hospital mortality 
(based on the UK APACHE II model); surgical status; ICM codes for the reason for 
admission and hospital outcome. 
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Type 

System 

Surgical code (reason for surgery) 
Non-surgical code 

^ 

Site 

Process 

Condition 

Respiratory 
Cardiovascular 

Gastrointestinal 
Neurological 

(Trauma) 
(Poisoning) 

Genito-urinary 
Endocrine, metabolic, thermoregulation and poisoning 
Haematological/immunological 
Musculoskeletal 
Dermatological 
Psychiatric 

Mouth & pharynx 
Oesophagus 

Stomach 
Duodenum 
Small bowel 
Large bowel, rectum and anus 
Liver and biliary tree 
Spleen 
Pancreas 
Abdominal wall/Peritoneum 

Congenital or acquired deformity or abnormality 
Haemorrhage 
Obstruction 
Trauma, perforation, fistula or rupture 
Tumour/malignancy 

Pyloric obstruction 
Congenital pyloric stenosis 
Gastric herniation 
Gastric volvulus 
Gastric tumour 

Gastric tumour 

Figure 5.1 Two "paths " to select the reason for admission for a patient whose ICU admission followed surgery 

for gastric tumour. 
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Data management 
Before analysis of the added value of increasing level of diagnostic information, some 
rearrangement of the current ICM was necessary. For convenience, tier 2 (body system) also 
contains three "systems" which do not correspond to conventional body systems. The 
psychiatric "system" is used to code for mental health conditions and has no anatomical tier. 
The trauma and poisoning "systems" are used to speed up the coding of those conditions 
given their high prevalence. In the case where the "system" tier is trauma or poisoning, the 
hierarchy is changed from "type: process: system: site: condition" into the general order 
<type: system: site: process: conditions Paths with the psychiatric "system" were rearranged 
from <type: system: system: process: condition> into <type: system: no site: process: 
conditions 

For each admission, a new category "admission type" was derived. This categorised 
admissions into "elective surgical", "emergency surgical" or was "non-surgical". 
Besides these global changes some ICM codes for the "site" and "process" tiers were used 
aggregated to reduce the number of variables. Based on clinical judgement and the number of 
admissions per category the 51 ICM-alternatives for anatomical site were aggregated into 21 
site-categories, for example the ICM-sites "upper airway +trachea", "bronchi + airways" and 
"lungs" were aggregated into one site "airways". Similarly, the 56 physiological/pathological 
processes were aggregated into 15 process-categories, e.g. the ICM-processes "infection", 
"inflammation" and "inflammation or intrauterine death" were aggregated into one process. 

Statistical analysis for investigating ICM inter-rater reliability 
Kappa statistics were calculated to measure the inter-rater reliability of the final code for the 
reason for admission using the ICM. Different numerical final codes representing different 
paths for the same condition were considered equal. Separate kappa statistics were calculated 
to measure inter-rater reliability at each tier of the code ("system", "site" and "process") of 
the selected condition. 

Statistical analysis for testing the added value of diagnostic information 
Following exclusion, either for missing data and/or for application of APACHE II inclusion 
criteria, the data were randomly split (50:50) into a training set and a test set for the purpose 
of unbiased comparison of accuracy of the resultant models. A number of prognostic models 
were developed by conventional stepwise logistic regression (inclusion 0.05, exclusion 0.10) 
on the training set. The dependent variable was hospital mortality and the independent 
variables were: APACHE II score, admission type (initially, post-emergency surgery or not, 
subsequently elective surgical, emergency surgical or non-surgical) and defined levels of 
diagnostic information using the ICM. The UK APACHE II model served as the reference 
model. In the alternative models, the 53 UK APACHE II diagnostic categories were 
substituted with information from the ICM tiers. 

Models were first tested for robustness and stability by: a) using forward and backward 
selection instead of stepwise selection; b) inspecting the pattern of inclusion/exclusion of 
determinants; and c) using jack-knife techniques. 
Performance of the resultant models was judged by ROC curve techniques using the area 
under the curve as a measure of unweighted discriminative power of the prognostic model. 
The standard advantages and disadvantages of judgement by ROC curve comparison applied, 
that is, the absolute misclassification rate of a given sample of patients depended on the 
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prevalence of the various prognostic categories and the threshold chosen to define a 
probability as predicting "alive" versus "dead". The Hosmer-Lemeshow goodness-of-fit H 
statistic was used to evaluate the calibration of the models. 
By computing the mortality ratio between the total number of observed and the total number 
of expected ultimate hospital deaths within a sample, the net misclassification rate within a 
sample can be estimated at the group level. The models' performance across admission type 
categories, severity categories, etc. was also tested, as uniform performance is necessary in 
practice. For this purpose, subgroup ROC curves and subgroup mortality ratios were 
calculated. To enable a fair comparison between the different models, we divided the 
mortality ratios for subgroups by 1.19, the overall mortality ratio for the UK APACHE II 
model on the UK data. 
All data analyses were performed with standard SPSS software version 8.0. 

5.3 Results 

ICM inter-rater reliability 
The agreement between the two intensivists using the ICM to code the reason for admission 
of 43 randomly selected Dutch ICU admissions was very good on each level of diagnostic 
information (K = 0.70 on the final code "condition", and 0.77, 0.72, 0.77 on the level 
"system", "site" and "process", respectively). Both observers noted that, in some cases, the 
ICM codes and terms were not as specific or just too specific as they wished, which resulted 
in different choices of path and, occasionally, resultant ICM final codes. E.g. a patient 
admitted after an aortic valve resection due to aorta stenosis was coded as "abnormality of 
aortic valve" by one physician (with process "congenital or acquired deformity") and by 
"chronic degeneration of aortic valve" by the other physician (with process "degeneration"). 

77;e added value of diagnostic information 
The data were almost complete, only 20 admissions (0.02%) missed ultimate hospital 
survival and 2 (0.002%) admissions missed surgical status. Of the 8057 records, 1369 
admissions (16.9%) were not eligible for calculation of an APACHE II score and probability 
of hospital mortality as a result of application of the APACHE II exclusion criteria (age less 
than 16 years, ICU length of stay less than 8 hours, readmission within the same hospital 
stay, admission for CABG or burns). After excluding admissions for missing data (n=22) and 
application of APACHE II exclusion criteria (n=1369), data for 6,666 admissions remained, 
which were randomly split into equal sized training set and test set. 
The distribution of case mix (age, acute severity -APACHE II score and probability, 
comorbidity —proportion with history of 16 serious, specified conditions, surgical status and 
reasons for admission -primary body system involved), outcome (ICU and hospital 
mortality) and activity (median ICU length of stay) were similar in the training and test sets. 
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The added values of diagnostic information in prognostic models 

Using the training set, five new models were developed to estimate hospital mortality. In 
model A, all variables from the original UK APACHE II model were used except for the 53 
UK APACHE II diagnostic categories. In model B, the 53 UK APACHE II diagnostic 
categories were replaced by 9 body systems. All were selected. In model C, post-emergency 
surgery or not was removed and the variable admission type "elective surgical", "emergency 
surgical" and "non-surgical" was available instead and was selected. In model D, 21 
anatomical sites were available for selection in addition to the variables in model C. 
However, the anatomical sites were not selected during the stepwise logistic regression 
analysis. Hence, model D was equivalent to model C and was therefore excluded from any 
further analyses. In model E, 15 physiological/pathological processes were available and 
were selected as explanatory variables in addition to the variables available for selection in 
model D. Except for the anatomical sites available for model D, all available variables were 
selected during stepwise logistic regression analysis (Table 5.1). 
Using the test set the area under the ROC curve, the Hosmer-Lemeshow goodness-of-fit H 
statistic and the overall mortality ratio were calculated for each model (Table 5.2). All the 
new models had good discriminative power compared with the original UK APACHE II 
model. The area under the ROC curve varied between 0.79 and 0.81. Model A, a very 
parsimonious model, had only slightly less discriminative power compared with the original 
UK APACHE II model and superior calibration. The overall mortality ratio was similar for 
all models. 
Figure 5.2 shows the calibration curves for each model. Model C had the best calibration (H= 
18.05, df=10 p=0.05) which was superior to the original UK APACHE II model (H=63.51, 
df=10p<0.001). 

Table 5.2 Performance of prognostic models 

R2 

Area under ROC curve 
Hosmer Lemeshow 
H-statistic 
Mortality ratio 

UK APACHE II 
model (reference) 
-

0.81 

63.51 

1.0" 

Model A 

0.22 

0.78 
21.53 

1.03 

Model B 

0.24 

0.79 

26.77 

0.96 

Model C 

0.26 

0.81 
18.05 

0.97 

Model E 

0.27 

0.81 

20.45 

0.96 

Model D is excluded (see Results). 

"After 1/1.19 (see Methods) 

Using the test set, ROC curves and mortality ratios were calculated for subgroups (Table 
5.3). The discrimination (area under the ROC curve) for the three admission type subgroups 
was comparable among the models. Mortality ratio within the admission type subgroups were 
closer to 1.0 in model C and E compared with the original APACHE II model, model A, and 
model B. 
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Figure 5.2 . Calibration curves for the original UK APACHE II model and four new models 

Table 5.3 Performance across subgroups for each model 

Number of 
admissions 

UK APACHE 
II model 
(reference) 

Model A Model B Model C Model E 

Area under the ROC curve 
Elective surgical 

Emergency 
surgical 
Non-surgical 

810 

706 

1940 

0.72 

0.76 

0.81 

0.74 

0.76 

0.78 

0.74 

0.77 

0.79 

0.74 

0.77 

0.79 

0.74 

0.77 

0.80 

Mortality ratio" 
Elective surgical 

Emergency 
surgical 

Non-surgical 

810 

706 

1940 

0.73 
(0.62-0.84) 

1.05 
(0.96-1.15) 

1.03 
(0.97-1.08) 

0.52 
(0.42-0.63) 

1.37 
(1.20-1.55) 

1.09 
(1.01-1.17) 

0.52 
(0.42-0.64) 

1.00 
(0.88-1.14) 

1.08 
(1.00-1.17) 

0.94 
(0.76-1.15) 

0.96 
(0.84-1.09) 

0.98 
(0.90-1.05) 

0.93 
(0.76-1.14) 

0.95 
(0.84-1.08) 

0.97 
(0.89-1.04) 

Model D is excluded (see Results). 

Mortality ratios for subgroups were divided by 1.19 (see Methods) 
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5.4 Discussion 

The results of this study show that the inter-rater reliability for the empirically derived, five-
tiered, hierarchical coding method, the ICM, was good, overall and for each tier separately. 
Using the ICM, the added value that increasing levels of diagnostic information provide in 
prognostic models to estimate hospital mortality for adult, intensive care patients was 
investigated. A widely accepted and well-described prognostic model, APACHE 11 
(recalibrated for the UK in 1988-1990), served as the reference. Surprisingly, the additional 
value of increasing the level of detail of diagnostic information was low. Moreover, a 
systematic disease grouping, based on body system (9 categories), was slightly superior to 
the 53 UK APACHE II categories, resulting in better calibration and discrimination. More 
detailed diagnostic information added little to this result. The Hosmer-Lemeshow H-statistic 
of the new models was lower (thus calibration was better) than for the original UK APACHE 
II model because the fit for low and middle risk patients, the largest group in the population, 
appeared to be improved. 
Although these data did not encompass all ICUs in the UK, we believe these findings cannot 
be explained by uneven composition of cases as the ICUs were selected neither on the basis 
of the mix of admissions nor on ICU performance. Poor accuracy (validity and reliability) of 
diagnostic coding could explain the low additional value of more detailed diagnostic 
information, but misclassification at the higher levels of ICM seems unlikely, as the 
assignment to system, for example gastrointestinal or neurological system, was 
straightforward. Moreover, coding reliability with the ICM was tested and appeared to be 
good, empirically. 
The UK APACHE II model [3], was used as the reference model to compare with the new 
models so that a biased comparison of internal developed models by an external developed 
model was avoided. However, the UK APACHE II model was recalibrated on old data from a 
separate data collection period for 10,806 admissions to 26 ICUs during 1988-1990. Given 
the development of intensive care medicine, in terms of organisation and practice, it is 
probable that the current performance of this model was suboptimal. 
APACHE II was chosen as the reference model over other prognostic models such as SAPS 
II [12] or MPM0/24II [14] because APACHE II was the only model that used reason for 
admission as an independent variable. The developers of SAPS II and MPM0/24II concluded 
that it was not useful to include reason for admission as an independent variable because of 
the lack of unequivocal definitions for diagnostic categories and the complexity of selecting 
one reason for admission. This study suggested that a model incorporating 9 body systems for 
the reason for admission, in which misclassification is very unlikely, performed equally well. 

Although the precision of prognostic models such as APACHE II does not allow the use of 
individual predictions for care decisions, there is no obstruction to the aggregated use of 
these models. For example, comparitive audit and evaluative research to investigate the 
impact of the organisation and delivery of intensive care are valid purposes for their use. 
Based on our results the APACHE II model can be simplified without losing performance by 
reducing diagnostic information. 
Four approaches for further research may be suggested. We left the APACHE II score 
unchanged but the assumption that the explanatory power of age, physiology and comorbidity 
in these models was optimal needs exploration. The impact of diagnostic information may 
increase after optimisation of (pathophysiology) detail in the diagnostic terminology system. 
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The second approach involves the exploration of new explanatory factors at the patient level, 
for example, markers for physiological deterioration in view of 1999-therapeutical 
opportunities. A third area is the investigation of dynamic (or trend) data instead of fixed data 
to estimate Day-1 mortality separate from hospital mortality, given Day-1 survival. The 
fourth approach explores the power of (alternative) disease classifications. Traditional 
classifications such as ICD-9-CM/ICD-10 [18. 19], Read [20] or SNOMED [21] do not suit for 
intensive care. Their underlying structure do not support the aggregation of unambiguous and 
complete diagnostic categories based on features of diagnostic concepts, for example, all 
infectious diseases which are located in the gastrointestinal system and which are caused by a 
virus. The structure of ICM supports the aggregation of diagnostic information at different 
levels of detail. However, the ability to select the same condition via different paths, for 
example, gastric tumour (Figure 5.1), does not clarify whether a patient coded with a gastric 
tumour selected via "tumour/malignancy" had an obstruction or not. In other words, it is not 
clear whether a specific characteristic, such as obstruction, is an implicit or explicit 
characteristic of this diagnosis. Further investigation as to whether the physiological 
variables in these models provide sufficient explanatory power for such characteristics of a 
particular diagnosis is needed. 
In addition, the level of detail of the ICM needs scrutiny. For daily care this level in our view 
is insufficient, for example it is impossible to compose complex diagnoses based on basic 
diagnoses such as "decompensatio cordis" due to "old anterior myocardial infarction". A 
semantic network, instead of a strict hierarchy, as the underlying structure might improve the 
utility of diagnostic information [22]. Modified to the intensive care domain this network 
might support further exploration of the value of diagnostic information to estimate hospital 
mortality and, in time, to estimate other outcome measures, such as functional health status 
[23] and costs [24]. Irrespectively of the level of detail required for estimating prognosis, 
detailed diagnostic information will always be essential to describe and stratify populations 
of intensive care patients. 
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Data collection for quality 
assessment; PDMS and 
terminological systems 

The second part of this thesis is the medical informatics part. It deals with an infrastructure to 
collect and manage data in a structured and standardised way to facilitate quality assessment 
in intensive care. In chapter 6 an evaluation of Patient Data Management System (PDMS) 
configurations in Dutch intensive cares is described and the merits and limitations of using 
these systems to extract a minimal data set for a national database intensive care are 
highlighted. The PDMS plays a central role in the total information architecture in the 
intensive care. Diagnoses, reason for admission and complications during ICU stay, are 
important data in the PDMS. In order to facilitate the use of this information among different 
users (physicians with various specialities, nurses, other care providers and researchers) in 
the care process and in a research setting, a terminological system to structure and 
standardise diagnostic information is essential in the intensive care information architecture. 
Chapter 7 and 8 describe a theoretical framework for understanding terminological systems. 
They also describe our experiences with this framework when we applied it to six existing 
medical terminological systems. The framework facilitated our design and implementation of 
a new terminological system for intensive care diagnoses, which is described in chapter 9. 
This terminological system is developed from a practical point of view. It forms an essential 
part of the infrastructure for quality assessment of intensive care because it enables structured 
and standardised registration of diagnostic information. This is an important prerequisite for 
stratification and selection of ICU patient groups. Chapter 10 describes the evaluation of 
DICE (Diagnoses for Intensive Care Evaluation), the JAVA application of this terminological 
system. 
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Abstract 
Patient Data Management Systems (PDMSs) in intensive care are claimed to be the solution 
to manage the large amount of information produced by bedside monitoring devices, care 
activities and laboratories. An accurate user specification of the functionality of a PDMS is 
considered to be an essential condition for successful implementation of PDMSs. This 
chapter reports on an evaluation of seven PDMS configurations in Dutch ICUs. The systems 
were configured according to jointly acquired user needs specifications covering all key 
features e.g. "automated charting", "careplanning" and "management information ". 
Substantial discrepancies between the specifications and the functionality of all tested 
PDMSs have been found. We conclude that PDMSs have the potential to improve the quality 
of care and cost-effectiveness in intensive care, but that a full implementation of these 
systems according to the specifications is hampered by the high investment required in 
skilled personnel, by the (technical) limitations of the present commercial systems and by 
limitations of the organisational structure of the ICUs. 

6.1 Introduction 

The Intensive Care Unit (ICU) is a data-intensive environment. A Patient Data Management 
System (PDMS) is claimed to be the solution to manage the large amount of information 
produced by bedside monitoring devices, care activities and laboratories [1]. A PDMS is a 
computer-based information system which facilitates the collection, integration, retrieval and 
interpretation of the multi-source (e.g. hospital information system, laboratory system, 
bedside devices) multi-variant (e.g. images, numbers, text) data found in intensive care units 
[2]. 
During the last decade several commercial PDMSs have been implemented in intensive care. 
In the European INFORM project that evaluates the information technology in High 
Dependency Care Environments, an accurate user specification of an information system was 
considered an essential condition for successful implementation of PDMSs [3-5], Therefore, 
in 1993-95, a Dutch working group including the representatives of eleven ICUs in ten 
hospitals, jointly made the Dutch specifications for a PDMS in intensive care [6, 7] using 
conceptual modelling [8]. These specifications covered all key features e.g. "automated 
charting", "care planning" and "management information". Automated charting implies the 
collection, validation and representation of vital parameters from bedside devices. Full 
integration in the hospital information system is required to automatically retrieve laboratory 
results. The specifications for care planning include a structured presentation of the medical 
history, physical and nursing examinations, the clinical course and the actual care plan. This 
supports therapeutical decisions by presenting adequate and timely information coupled to 
integrated task lists for care activities. It facilitates multidisciplinary communication at the 
bedside. The specifications for management information include the functionality to extract 
and report information about utilisation of resources and outcome to evaluate the 
performance of the unit. As part of the Dutch specifications, a minimal dataset was defined, 
containing prognostic parameters, morbidity and mortality data. This dataset is used in a 
national database intensive care (see chapter 3) to improve facilities for a continuous 
outcome and performance measurement of the participating ICUs. 
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To date seven Dutch ICUs participating in the working group for PDMS specifications have 
implemented and configured a PDMS in their clinical settings. In this study the system 
configurations which were in use in 1997 have been evaluated by comparing their 
functionality to the Dutch specifications. This evaluation is different from other PDMS 
evaluations [2.9] in which mainly the technical functionality of the available systems has 
been tested. In this study configurations were evaluated rather than systems. 

6.2 Materials and methods 

Intensive Care Units 
Dutch ICUs with an operational PDMS for at least one bed have been included in this study. 
All seven included ICUs were involved in the working group for Dutch specifications. Table 
6.1 describes the ICUs, the type of PDMS in use and the number of beds equipped. We 
evaluated seven different PDMS configurations of five different systems including three 
commercially available systems; Clinisoft (Datex-Ohmeda, USA), System 2000 (Siemens-
Eclipsys, USA), CareVue (Hewlett Packard, USA) and two locally developed systems: IRS 
(IRS, Amsterdam) and ICIS (INAD, Eindhoven), both are PC-based systems developed in 
MS Access and use shared workstations. 

Table 6.1 Description of participating ICU's 

ICU 

AMC — adults Amsterdam 
AMC — paediatric Amsterdam 
OLVG Amsterdam 
AZVU Amsterdam 
UMCU Utrecht 
Catharina Hospital Eindhoven 
AZM Maastricht 

PDMS- supplier 

Clinisoft — Datex Ohmeda 
I R S - I R S 
Clinisoft - Datex Ohmeda 
System 2000 — Siemens/Eclipsys 
System 2000 — Siemens/Eclipsys 
ICIS - INAD 
CareVue — Hewlett Packard 

prop.of beds 
with PDMS 

1/28 
14 /14* 
2 / 1 8 
7 /7** 
28/36*** 
22 / 22 * 
8 / 1 6 

Type of 
hospital 
University 
University 
Teaching 
University 
University 
Teaching 
University 

Not every bed is equipped with an own PDMS monitor. 

Only the medical unit of the 4 units is provided with PDMS. 

Only the surgical unit does not use a PDMS yet. 

Data collection and analysis 
We have created an evaluation list consisting of 226 questions based on the Dutch PDMS 
specifications [6, 7] and other literature [10-12] concerning information system and PDMS 
evaluation. This list contains specific questions about the functional aspects of the PDMS and 
general questions concerning security, performance, administrative organisation, costs and 
system administration. 
A multidisciplinary evaluation team, including a medical informatics scientist, an 
experienced intensive care nurse and data manager, and an intensive care physician, visited 
the seven ICUs. Each member independently scored each question with a value indicating if 
the functionality was provided. Afterwards consensus was reached within the team. The 
results were reported to the ICUs visited for feedback. 
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6.3 Results 

The complete evaluation is described in a technical report. In this chapter we summarise the 
226 questions of the evaluation list (see Table 6.2). In the table the score "yes" means the 
functionality is available and "no" means the functionality is not available. 
Some substantial discrepancies between the Dutch PDMS specifications and the functionality 
of all tested PDMSs have been found. 
In the context of "automated charting" import, display, validation and storage of vital 
parameters derived from bedside devices were realised in all commercial systems. For 
technical and organisational reasons manual validation of these vital parameters is mandatory 
in most systems. Although a full integration between the PDMS and the hospital information 
system is considered essential, this was only partly realised due to technical restrictions in the 
communication protocols used by the hospital information system and PDMS. 
The "care planning" functionality was not adequate in all configurations. In all evaluated 
PDMS configurations there is no adequate functionality configured to enter and display a 
structured presentation of the medical history, clinical course and physical examination of the 
patient. In some systems there was a limited functionality for entering and displaying clinical 
observations, but most intensive cares have not implemented this part yet because of 
physicians' dissatisfaction. Other ICUs use free text only, so this information can hardly be 
used to retrieve data in a research setting. In most systems (with the exception of ICIS) it is 
difficult to get a quick overview without "paging through many windows" and interpreting 
free text description of the reason of admission, recent medical history, the actual medical 
problems and the objectives of the medical treatment. 
Only in the Clinisoft system (two configurations) it was possible to automatically generate a 
tasklist for the nurses linked to standard guidelines and to the therapeutic orders and therapies 
entered by physicians. In one of the locally developed systems (ICIS) the tasklist and 
protocols were available but they were not automatically linked to the therapeutic orders, 
therapies and protocols. In most systems the functionality for decision support e.g. warnings 
for allergy, incompatible medication or excess of normal values were very limited or absent 
at the time of this evaluation. Even the restricted possibility to present adequate and timely 
information to support specific medical decisions is present in only one system e.g. the 
presentation of renal function and plasma levels when prescribing aminoglycosides. 
Nowadays some tools for decision support are implemented in System 2000 and ICIS. 
The functionality for "management information" was at best represented by simple 
descriptive statistics concerning the number of admissions, length of stay, TISS and 
APACHE scores, but often not present at all. No system provides information about costs or 
even volume of care data, and reports on resource utilisation are not available yet. In the 
commercial systems, the extraction of data from the clinical database by the user was not yet 
realised at the time of evaluation. Currently the minimal data is monthly extracted from two 
PDMSs (ICIS and System 2000). Although the databases are theoretically accessible, 
additional tools (e.g. the Decision Support System, System 2000) and specific expertise, not 
generally present in intensive care, are required to assess the database. In none of the 
commercial systems such a tool was operational. 
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The access to the complex databases present in these systems represents a major obstacle in 
retrieving data, therefore at the time of evaluation in only a few systems it was possible to 
extract the minimum dataset for the national database. In most cases the extraction query had 
to be written by the supplier. An important part of the minimum dataset are the prognostic 
scoring systems APACHE II, SAPS II, MPM0 II and MPM24II. These scores should be 
calculated on the basis of the worst physiological values at admission or in the first twenty-
four hours of admission. Most PDMSs calculated these scores in an inappropriate way. One 
configuration (CareVue) calculated these scores based on an inappropriate time base, e.g. 
each day at 8.00 AM, the two System 2000 configurations calculated these scores every hour 
and take the worst value to be the score, although the different variables may have the worst 
value at different points of time. The two Clinisoft configurations used values of variables 
like blood pressure which are not manually validated. Since measuring errors are frequently 
extremely high (flushing) or low values (disconnection) this may have a major effect on the 
score. In this situation the calculated severity scores are not suitable for comparison of patient 
groups between units. 
In all units the costs of implementation were high due to the costs of hardware and software 
but in particular to the high investment for a system administrator and the involvement of 
nurses and intensivist in the configuration and training process. 

6.4 Discussion 
In the European INFORM project the specification of the user requirements was considered 
to be essential for a successful implementation of PDMSs in intensive care. In the Dutch 
situation the jointly made specifications have been a good start for implementing PDMSs, but 
a great discrepancy still exists between the functionality of the tested configurations and the 
specifications. In some cases the lacking functionality is planned to be configured in the near 
future, in other cases there are technical restrictions to develop this functionality. In some 
instances the technical possibilities of a PDMS are underutilised because the ICU 
organisation or the users are not yet ready for it. Configuring a PDMS requires the ICU 
organisation to make a careful analysis of the care process and the data to be registered. The 
specifications are just a starting point to examine the care process and these specifications 
will help the implementation and configuration of a PDMS. 
In the tested commercial information systems the functionality usually supports nursing 
activities and automated registration. In future generations of PDMSs, the functionality to 
support medical activities too should be developed. This includes a structured and well 
designed terminological system including diagnoses and complications, a structured and easy 
way to record physical examination results, and specifically a problem oriented and 
structured presentation of scheduled and executed care activities. Once this requirement has 
been fulfilled, the implementation of decision support and critiquing systems becomes 
feasible. Other important progress should take place on classifying of resources used and the 
facilitation of data access and extraction. 
The investment costs for implementation of PDMS in intensive care are high. So far, there is 
no compelling evidence that PDMS significantly reduces the nurses' workload. PDMSs 
potentially offer significant benefit to intensive care units to improve the quality of care and 
to increase cost-effectiveness by standardisation of care by using protocols, knowledge based 
decision support and critiquing systems. A PDMS can be developed into a powerful tool to 
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support managed care, to monitor treatment objectives in individual patients, to measure 
ICU-performance and to assess cost-effectiveness for specific treatment (technology 
assessment). Regional or national audit can be more extensively and accurately performed 
when a flexible but well-defined data set is fully automatically extracted from data collected 
in the PDMS as part op the primary process. However, to take full advantage of this new 
information technology in intensive care both intensivists and intensive care nurses should be 
prepared to invest much time and energy in this complicated process. 
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Abstract 
Terminological systems form an important research issue within the field of medical 
informatics. For the precise understanding of existing terminological systems a referential 
framework is needed that provides a uniform terminology and a typology of terminological 
systems themselves. In this chapter a uniform terminology is proposed by combining relevant 
fundamental notions and definitions used by standardization organizations such as CEN and 
ISO into perspective, and interrelating them in order to arrive at a useful typology of 
terminological systems. The resulting typology is illustrated by applying it to five general 
well-known existing medical terminological systems and one existing terminological system 
for intensive care. 

7.1 Introduction 
Clinicians are increasingly aware of the benefits of electronically stored medical data and the 
use of these data for many purposes, such as direct patient care, research, costs, management 
support and education. The use of medical data stored in computer-based patient records 
(CPRs) or Patient Data Management Systems (PDMSs) has increased the need for structured 
and controlled data entry and data representation [1]. The usual way to cope with this need is 
to enforce the use of standard terms derived from a dedicated medical terminological system. 
Consequently, terminological systems form a very important issue of research within the field 
of medical informatics. In this thesis the term "terminological system" is used as an all-
embracing term for the notions "classification", "thesaurus", "vocabulary", "nomenclature" 
and "ontology", which are further described in section 7.3. 
Before an existing terminological system can be used or a new system can be developed, good 
understanding of the terminological system is essential. In the context of the NICE project in 
which we aimed to develop a terminological system for intensive care diagnoses, we met 
considerable difficulty in the analysis of the literature on (existing) terminological systems. 
This is caused by a great heterogeneity and indistinctness in the terminology used to describe 
the terminological systems, and by an incomplete description of the structure and 
characteristics of the various systems. 
Some efforts have already been made by organizations for standardization such as the 
International Standards Organization (ISO) and the Comité Europeen de Normalisation 
(CEN), which have developed standards for medical informatics [2]. In 1990 the CEN, 
Technical Committee 251 (CEN/TC251) was set up for standardization in medical 
informatics. One of its working groups covers the activities on health care terminology, 
semantics and knowledge bases. Its prestandard "Medical informatics - Categorical structures 
of systems of concepts - Mr del for representation of semantics" [3] contains the names and 
definitions of concepts in the field. This CEN prestandard uses many standards already 
defined by ISO [4,5] and is intended to provide a comprehensive basis for systematic 
understanding, development and use of computer-based terminological systems in health care. 
The standards developed by these organizations are freely available, however, the support 
they provide for the understanding of the proposed terminological systems in order to assess 
their merits is minimal because they only enumerate dry definitions of notions. We feel an 
overall accessible framework for the understanding of terminological systems, in which 
definitions are placed in perspective and put in practice, is still lacking. 
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This chapter describes the first part of such a referential framework in which definitions have 
been arranged in coherence and put into perspective, resulting in a typology of terminological 
systems. To illustrate the first part of the referential framework, we apply it to five existing 
terminological systems with a general medical domain and one with an intensive care domain 
intended to record diagnoses for evaluative research. The second part of the new framework, 
described in chapter 8, provides a basis for a formal and thereby unambiguous description of 
the structure of a terminological system. In chapter 8 we also describe our positive experience 
with terminological system formalization in terms of (1) understanding existing 
terminological systems; (2) recognizing patterns in the structure of the systems and (3) 
developing a new terminological system (see chapter 9). 

The goal of chapter 7 and 8 is to provide a referential framework, by which terminological 
systems can be characterized, understood and compared, and to describe our experience with 
the use of this framework. We hope that this framework provides assistance to those 
interested in understanding and applying terminological systems. 
In section 7.2 the building blocks for conceptualization of terminological systems: object, 
concept, term, code, and the different types of relations between concepts, are described. The 
typology of terminological systems is described in section 7.3. In section 7.4 we applied the 
typology described in this framework to five general known medical terminological systems 
and one terminological system with an intensive care domain. Section 7.5 is the summary and 
discussion of this chapter. 

7.2 Terminology and definitions 
Before we discuss terminological systems, some basic elements have to be explained: objects, 
concepts and designations, which form the so-called semiotic triangle or meaning triangle (see 
Figure 7.1) [3,6]. Reality can be conceived as consisting of objects (things), such as "heart 
valve" or more abstract things such as "pain". We use characteristics of objects to form 
cognitive constructs, called concepts, which are units of thoughts. Although objects and 
concepts are different notions, in the rest of this chapter we only talk about concepts, because 
terminological systems mainly comprise of general concepts, e.g. diseases, that are used to 
describe instances of patient's diseases (i.e. objects) recorded in patient's records. 
To be able to communicate about concepts we use linguistic labels, called terms, to designate 
a concept. It is complex to designate concepts fully and it can be overwhelming because there 
are many (informal) languages and one language can use many different terms for the same 
concept. Definitions are (for example formal) statements of the meaning of a concept and can 
be used to cope with this language problem and can be used to further clarify the meaning of 
concepts. Codes (letters, numerals or a combination thereof) can be used to designate 
concepts for their representation in a computerized system. Agreements about using the same 
code for referring to corresponding concepts facilitate sharing them among different parties 
even if language differences hamper simple communication. 
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Figure 7.1 Semiotic triangle: relation between objects, concepts and designations. 

7.2.1 Concepts and their characteristics 
Concepts can be described by their characteristics. Two types of characteristics can be 
distinguished: intrinsic and extrinsic characteristics. Intrinsic characteristics describe the 
concept itself, e.g. colour ("red"), size ("5 cm2") and shape ("ellipse") describe the concept 
"ulcer". Extrinsic characteristics are based on relationships between concepts, e.g. an extrinsic 
characteristic of the concept "ulcer" can be localization ("duodenum"). Relationships are 
treated in the section 7.2.2. If intrinsic or extrinsic characteristics are considered essential, this 
implies that the characteristics are part of the definition of the concept. For example a 
"duodenum ulcer" is always located in the duodenum so "location is duodenum" is an 
essential characteristic of the concept "duodenum ulcer". These essential characteristics are 
called necessary conditions in the definition. 

7.2.2 Relationships between concepts 
According to ISO and CEN standards [3-5], concepts can be related to each other by 
hierarchical and non-hierarchical relationships. In a hierarchical relationship an order is 
expressed between (at least) two concepts: a superordinate concept (e.g. heart valve) and a 
subordinate concept (e.g. mitral valve). Hierarchical relationships can be generic or partitive. 
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In the past, generic relationships were called logical relationships in ISO standards. A generic 
relationship, the "Is_a" relation, is a relationship between a genus (superordinate concept in a 
generic relationship) and a species (subordinated concept in a generic relationship) where the 
intension of the genus is contained and extended in the intension of the species. The intension 
of a concept is the set of uniquely describing characteristics including relationships of that 
concept, e.g. the set {health problem with anatomical localization "liver", dysfunction 
"infection" and etiology "virus"} constitute an intensional definition of the concept "viral 
hepatitis". Hepatitis B (species) is a "viral hepatitis" (genus) and therefore it has the same 
intensional definition but extended with: etiology is "hepatitis B virus". According to Flier et 
al. [7] there are three types of Is_a relationships each representing other types of knowledge 
about the relation between subordinate and superordinate concepts. This division of Is_a 
relationships falls outside the scope of this thesis. 

Other types of hierarchical relationships ars partitive relationships in which the superordinate 
concept denotes an object which represents the whole, and the subordinate concepts refer to 
its parts, e.g. a heart valve is part of the heart. 
In the past, the ISO standard described ontological relationships, which nowadays are split up 
in partitive and non-hierarchical relations. Non-hierarchical relations describe a wide range of 
relationships between concepts such as spatial, temporal, causal or any arbitrary one, for 
example the relationship between an operative procedure and the organ to be operated on. In 
theory there is an unlimited number of relationships between concepts. However, in practice 
only a small portion of relationships, those determined by human's knowledge and 
experience, is widely useful. Therefore, ontological relations are called philological relations 
(distinguishing concepts and coherence between concepts as being determined by cultural 
history, i.e. subject to the constraints of language, art and science) by W.M. Hirs [8]. 
Figure 7.2 shows the above described types of relationships between concepts. 

Is_a 

Generic relations 

% 

Logical relations 

ls_a 

Non-hierarchical relations 

Is_a 

Is_a 

Current division of relations 

Former division of relations 

Figure 7.2 Types of concept relations. The current ISO and CEN standards are represented above the doited 

line, former ISO/CEN standards and W.M. Hirs ' relation types are represented below the dotted line. 
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7.2.3 Definitions of concepts 
Hierarchical relations can be used to order concepts, and non-hierarchical relations between 
concepts represent (non-hierarchical) characteristics of concepts. Hence relationships (and 
characteristics) between concepts can be used to structure and define concepts in a system. An 
intensional definition is a definition based on the intension of the concept (see section 7.2.2). 
A definition per genus et differentium is the intensional definition of the genus (if it has one) 
extended with extra characteristics of the species. Instead of describing a concept 
intensionally, an extensional definition can be used, i.e. the set of all specific concepts 
(species) of a superordinate concept (genus) is enumerated. For example "Granulocytes" can 
be intensionally defined by "Leucocytes with abundant granules in the cytoplasm" or 
extensionally by the enumeration of "Neutrophil", "Eosinophil" and "Basophil", all the 
species of the genus "Granulocytes". 

7.2.4 Codes 
Conventional terminological systems in the medical domain are commonly provided with a 
coding scheme. A coding scheme is a collection of rules for assigning codes to concepts. 
Codes can be used to refer to concepts and are usually stored in the computer-based patient 
record. In general we can distinguish two types of codes: non-significant codes and significant 
codes. Non-significant codes are context free, meaning that the code's value is not related to 
the meaning of the concept. Examples of non-significant codes are sequential codes (a 
number or string taken sequentially from an ordered set, e.g. 101, 102, 103,..) and random 
codes (one of a set of possible unarranged code values). The advantage of using non
significant codes is that concepts can be altered in the structure of the terminological system 
without consequence for the codes, and that new concepts can easily be added to a 
terminological system, contrary to the case in which significant codes are used. Significant 
codes are related to the characteristics of the concept and its place in the terminological 
system. Examples of significant codes are mnemonic codes (codes containing one or more 
characters related to a name describing the concept to aid the user to memorize the meaning 
of the code e.g. A900=Anatomical component "lung"); abbreviation based codes (short 
representation generated directly from a concept's name, e.g. ENT for ear-nose-throat); 
hierarchical codes (codes of which the relationship between a genus and a species is 
recognized, for example viral pneumonia is coded by 480 and pneumonia caused by the adeno 
virus is coded by 480.1); juxtaposition codes (composite codes with segments, representing 
independent characteristics, placed next to each other, e.g. a code for pneumonia A900.P100 
(A900= anatomical component "lung", P100=process "inflammation")); combination codes 
(composite codes with segments, representing dependent and often hierarchically related 
characteristics, placed next to each other). Any code type can be used to compose 
juxtaposition or combination codes. 
Significant codes usually use fixed number of positions and a fixed set of characters per 
position. A fixed number of positions of a code restricts the level of detail (the depth of the 
hierarchy) in the system, a fixed number of characters per position restricts the breadth of the 
hierarchy. 
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7.3 Typology of terminological systems 
A terminological system relates concepts, of a particular domain, among themselves and 
provides their terms and possibly their definitions and codes. In literature, terms such as 
"terminology", "thesaurus", "vocabulary", "nomenclature" and "classification" are often 
confused. This section describes a typology of terminological systems based on literature and 
existing standards, including definitions and relationships between different types of 
terminological systems. This typology can be additionally used to existing typologies such as 
described by Rossi Mori [2]. 

A terminology is a list of terms referring to (all) concepts in a defined particular domain. A 
thesaurus is a terminology, in which terms are ordered e.g. alphabetically or otherwise, and 
in which concepts can possibly be described by more than one (synonymous) term. When a 
concept in a terminology or thesaurus is accompanied by a definition, it is called a 
vocabulary or glossary. A nomenclature is a system of terms composed according to pre-
established composition rules or the set of rules itself for composing new complex concepts. 
Classification is an arrangement of objects or concepts (by the is_member_of relation) based 
on their essential characteristics into groups of concepts, called classes. A taxonomy is an 
arrangement of classes according to the Is_a relationship from the subordinate class to the 
superordinate class. The CEN standards [3], however, does not distinguish between 
"classification" and "taxonomy". Therefore, we use the term "classification" in this chapter 
loosely to also include taxonomy. A nosology is a classification of diseases. A terminology, 
thesaurus, vocabulary, nomenclature or classification is called a coding system when the 
system uses codes for designating concepts. Figure 7.3 is a model of different types of 
terminological systems and their relations. Each terminological system is at least a 
terminology with possibly additional characteristics, e.g. it is also a vocabulary when the 
system include definitions for the concepts described by the terms of the terminology. 
Sometimes the notion of ontology is used as a synonym for different types of terminological 
systems. An ontology is a (formal) specification of concepts, relations and functions in a 
domain [9] and hence focus on concepts. Concepts are important in terminological systems but 
they also focus on the terminology itself. An ontology is usually used to model consensus in 
understanding a domain between different partners. 

7.4 Typology of existing terminological systems 
To further illustrate the definitions of sections 7.2 and 7.3, this section describes the historical 
background, the types of the terminological systems and the coding schemes used in the 
terminological systems 
ICD-9-CM /ICD-10, NHS Clinical Terms, SNOMED, UMLS, GALEN and ICNARC Coding 
Method (ICM). We have chosen these six terminological systems for their wide diagnostic 
use or, in the case of ICM, special domain of intensive care diagnoses as this research is 
actuated by the Dutch national intensive care evaluation (NICE) project, which requires a 
terminological system for classifying intensive care diagnoses [10]. In Table 7.1 we 
summarize the types of each terminological system and coding schema. One • represents that 
the type is partially applicable. Further explanation about the types of each terminological 
system can be found in sections 7.4.1 to 7.4.6. 

80 



Understanding terminological systems I: terminology and typology 

B Is_a A 
"o" means possible overlap between subordinates 
"d" means disjoint, i.e. the subordinate object sets are mutually exclusive 
" 1 " means that every object in A must be a member of a subordinate 

A consists of B and C 

Figure 7.3 Model of relations between terminology, thesaurus, vocabulary, nomenclature, classification and 
coding system. Each terminological system is a either a terminology or includes a terminology as 
part of a thesaurus, classification, vocabulary, nomenclature or coding system. 
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Table 7. / Types of well-known terminological systems or systems with an intensive care domain. 

Type 

Terminology 

Thesaurus 

Vocabulary 

Nomenclature 

Classification 

Ontology 

Coding 
schema 

1(1) 

• • 
• • 
-
• 
• • 
-

Significant 

NHS Clinical 
Terms 

•• 
•• 
• 
• 
•• 
-

Non-significant 

SNOMED 

•• 
• 
• 
• 
•• 
-

Significant 

ICM 

•• 
. 
• 
-
-
-

Significant 

UMLS 

• • 
• • 
• 
-
• 
• 

Non- significant 

GALEN 

•• 
• 
•• 
•• 
• • 
•• 

Non- significant 

7.4.1 ICD-9-CM / ICD-10 
The International Classification of Diseases (ICD) is perhaps the best known terminological 
system used in medicine, originally intended for statistical abstraction of disease incidence 
and mortality. The first "ICD" was developed in 1893, and through a hundred years it evolved 
into the ICD-10 [11], which was published in 1993. The predecessor of ICD-10, the ICD-9, is 
used for mortality registration. To be able to use this classification in a clinical setting, the 
ICD-9-cm (clinical modification of ICD-9) [12] was developed for morbidity registration and 
is currently in use in most countries. Some countries already use ICD-10 now, but mostly for 
mortality registration only. The first versions of the ICD were maintained by the Statistical 
International Institute but for the last decades it has been under the responsibility of the World 
Health Organization. 
The ICD is a classification (recall that we do not distinguish here between classification and 
taxonomy) of generic related diagnostic terms represented in 17 (ICD-9-CM) or 21 (ICD-10) 
"chapters", mainly arranged according to anatomical system or etiology. The ICD-10 also 
contains an alphabetical index, which makes it also a thesaurus. The ICD-9-CM further 
contains two extra classifications, the V-list for factors influencing health status and contacts 
with health services, and the E-list for external causes of injury and poisoning. It also contains 
a number of appendices, one of which is a very limited nomenclature that further specifies the 
morphology of neoplasms of chapter 2 (this explains one "•" in Table 7.1). In the ICD-10 the 
V- and E-list have been added to the chapters and the nervous system chapter of the ICD-9-
CM is split into three different chapters (diseases of the nervous system, diseases of the eye 
and adnexa, diseases of the ear and mastoid process). 

As shown in Figure 7.4, the codes of the ICD-9-CM and ICD-10 are hierarchical and in the 
ICD-10 they are also mnemonic e.g. all terms in the chapter "Diseases of the digestive 
system" start with a "K". 
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K00-K.93 

K.72 

Diseases of the digestive system 

K72.0 

K72.1 

K73.9 

Hepatic failure, not elsewhere classified 

Acute and subacute hepatic failure 

Chronic hepatic failure 

Hepatic failure, unspecified 

Figure 7.4 Example of hierarchical and mnemonic codes o/ICD. 

In the ICD-10 some terms have two alternative codes: one marked with a dagger (f) 
belonging to the etiology, and the other marked with an asterisk (*) belonging to the 
localization or manifestations. For example "meningococcal meningitis" has two codes: 
A39.0f in the chapter "Certain infectious and parasitic diseases" (etiology) and GO 1 * in the 
chapter "Disease of the nervous system" (localization). In general dagger codes are used for 
mortality registration, asterisk codes are used for morbidity registration. 

7.4.2 NHS Clinical Terms 
The NHS Clinical Terms, formerly called Read Clinical Classification or Read Codes [13. 14], 
was developed in the 1980s for automated description of clinical and administrative data to 
enable medical record summarization in General Practice. The first version used four 
character alphanumeric codes determining the position of a concept in the hierarchy, so this 
version is known as the Four-Byte Set. Since 1990 the system (version 1) has tried to cover 
the entire field of health care, incorporating more detail and synonyms. In version 2 mapping 
to other classifications such as OPCS4, ICD-9/ICD-10, the British National Formulary and 
the Anatomic and Therapeutic Chemical Classification Index (ATC) was realized to meet the 
needs of hospitals. In version 3 (and 3.1), developed during 1992-1995, important adaptations 
were realized to facilitate daily care practice instead of the limited use in medical record 
summarization. The UK National Health Service Center for Coding and Classification 
adopted the system as a standard and takes care of the maintenance of the system. Over 2000 
health care professionals were involved in the development and quality assurance of this 
version. 
The NHS Clinical Terms forms a classification of generic related medical concepts 
representing the domain of: diseases, occupations, history/symptoms, examinations/signs, 
diagnostic procedures, laboratory procedures, radiology/diagnostic imaging, preventive 
procedures, surgical procedures, other therapeutic procedures, administration, 
drugs/appliances, health status measurement. Each concept has a preferred term and some 
synonyms (if applicable) which are ordered hierarchically, qualifying it as a thesaurus. Since 
version 3.1 it is also a nomenclature in which rules are given to modify terms in a controlled 
way. For each concept the accompanying characteristics (qualifiers) and allowable values are 
defined in a template table. These qualifiers are also used to (partially) define concepts in the 
system, giving it a vocabulary character. 
Until version 2, the codes were significant, representing the relative place of the concept in 
the hierarchy. Concepts could be assigned by more than one code when they are placed in 
more than one part of the classification. From version 3 on each concept has a unique non
significant code existing of characters and numbers. Codes for very detailed concepts (e.g. 
severe respiratory insufficiency due to head trauma) will be composed (combination codes) 
by qualifying the basic NHS Clinical Term code with codes of other concepts. 

83 



Chapter 7 

7.4.3 SNOMED 
In 1975 the College of American Pathologists published the Systematized Nomenclature of 
Medicine (SNOMED) to provide terms for a broad range of clinical domains. A number of 
revisions resulted in SNOMED International [15, 16] which is intended to be incorporated into 
a computer-based patient record. 

The SNOMED International structure consists of eleven modules, also called axes or 
dimensions, which can be conceived as distinct classifications. The eleven modules contain 
concepts hierarchically related to each other and concern the following domains: Topography, 
Morphology, Function, Living organisms, Chemicals & drugs & biological products, Physical 
agents, Occupations, Social context, Disease and Diagnosis, Procedures, General modifiers. 
Almost all ICD-9-CM terms and codes can be found in the "Disease and Diagnosis" module. 
By linking concepts of the various modules one can compose new complex medical concepts. 
The discrete terms together with the information about the cross-reference relations between 
the different axes provide (at least a partial) definition of each concept, giving SNOMED its 
vocabulary character. Although SNOMED is an acronym including the term nomenclature, it 
is questionable whether SNOMED is a nomenclature that can generate sensible compositions. 
It is a nomenclature in the sense that new concepts can be composed, but rules which define 
which concepts may be sensibly linked to compose new concepts are missing. Due to the lack 
of suitable composition rules it is possible to represent the same clinical concept by different 
composites and even to arrange clinically irrelevant composites, e.g. a fractured left lung 
encoded by T-28500 (Left lung); Ml2200 (Fracture,open). SNOMED-RT [17], which is 
under development, is claimed to address these problems. 

Codes in SNOMED are significant. Within a module they are hierarchical and mnemonic, e.g. 
topographical codes start with a "T". Newly composed concepts get juxtaposed codes by 
joining the codes for the associated terms from the different modules. 

7.4.4 ICNARC Coding Method 
The ICNARC Coding Method (ICM) was developed in 1995 by the UK Intensive Care 
National Audit and Research Centre (ICNARC) [18]. ICM supports the collection of reasons 
for admission in Intensive Care which is part of the data collection used in the UK national 
audit of intensive care. 
ICM is a terminology without generic relations between end-terms (diagnostic conditions). 
The system has a so-called "hierarchical five tier structure": type (surgical/non-surgical); 
body system; anatomical site; physiological/pathological process; and diagnostic condition. 
The higher tier prescribes the allowable values on the lower tier, for example the selected 
body system prescribes which anatomical sites can be chosen. ICM is a vocabulaty in the 
sense that each diagnostic condition is (at least partially) defined by the type - body system -
anatomical site - physiological/ pathological process path. 

The ICM codes are significant. At each of the five tiers in the hierarchy, a selection is made 
from a list of options and a code (number) is returned. The code is not unique at all tiers, but it 
is unique in combination with the preceding tiers. The final unique code is the result of the 
five selections. For example, admission for ICU following surgery for a gastric tumor is coded 
as: surgical (type='T."), gastrointestinal (body system="3."), stomach (anatomical site="3."), 
tumor/malignancy (process="39."), tumor (condition="L"). Figure 5.1 shows that conditions 
can be reached by different paths (different combination of type - system - site - process) and 
therefore can have different codes. These are linked in a conversion table. 

S4 



Understanding terminological systems I: terminology and typology 

7.4.5 UMLS 
In 1987 the National Library of Medicine developed the Unified Medical Language System 
(UMLS) [6, 19]. The goal of the UMLS is to facilitate the retrieval and integration of 
information from multiple biomedical information sources such as patient record systems and 
bibliographic databases. 
The UMLS consists of four knowledge sources: the Metathesaurus, the Semantic network, the 
Specialist lexicon and the Information Sources Map. The Metathesaurus and the Semantic 
network are the most relevant in the context of this paper. As the name indicates, the 
Metathesaurus is a thesaurus in which concepts are linked to (synonymous and preferred) 
terms which are alphabetically ordered. The Metathesaurus is manually enriched with 
hierarchical relations between concepts from established terminological systems such as ICD-
9-CM, Read Codes, SNOMED and MeSH which give it characteristics of a classification. As 
each concept has an attribute "definition", the metathesaurus is also a vocabulary. The 
Semantic Network provides information about concepts (semantic categories) and their 
relationships but only at a high aggregation level (the reason for one • in table 1). All 
concepts represented in the Metathesaurus are categorized into semantic categories of the 
Semantic Network which regulates (together with the Metathesaurus) the mapping of 
concepts from different sources to each other. Although in theory semantic relations defined 
in a semantic network could aid a user to make new composites, in practice the UMLS does 
not support the composition of new concepts. 

Each concept and term in the Metathesaurus has a unique UMLS code. Although these codes 
are somewhat mnemonic (concept codes start with a "C" and term codes with a "L") they are 
not significant in the sense that the numbers next to the starting character are non-significant. 

7.4.6 GALEN 
Growing out of earlier work in PEN&PAD, the Generalized Architecture for Languages 
Encyclopaedias and Nomenclatures in Medicine (GALEN) project started in 1992 [20-22]. The 
project was funded by the European Commission and is a collaboration of European 
universities, agencies and vendors. The goal of the Generalized Architecture for Languages 
Encyclopaedias and Nomenclatures in Medicine (GALEN) project is to formally describe and 
model the medical domain by which the interchangeability of electronic medical data of 
different data sources can be supported. The "Terminology Server", the implementation of 
GALEN's goal, integrates three modules: the Concept Module, the Multilingual Module and 
the Code Conversion module. 
The Concept Module implements a formal language, the GALEN Representation and 
Integration Language (GRAIL) which is used to represent concepts and their characteristics 
and relations in the Concept Reference (CORE) model. The CORE model is an ontology, 
which comprises in 1998 the definitions of approximately 5000 concepts (e.g. bones, organs, 
and fractures) and 1000 relations (e.g. HaveLocation, HaveComplexity). The GRAIL 
formalism allows developers of terminologies to create models containing these concepts and 
relationships, and to derive new concepts which are valid compositions of existing ones. The 
composition rules included in GRAIL make the system a nomenclature, the definition rules 
make it a vocabulary. 

The Multilingual Module manages the mapping of concepts to synonym and preferred terms 
(thesaurus) and hence information entered in one language can in principle be displayed in 
another. The Multilingual Module contains terminology and grammar rules which make it 
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possible to generate phrases for complex compositions. The mapping of concepts to and from 
existing coding systems is managed by the Code Conversion Module. Each concept in the 
CORE model has a unique non-significant code. Different applications can communicate with 
the terminology server. By this direct communication it is possible to generate random unique 
numbers for new composites which are saved at the server. 

7.5 Summary and discussion 
Historically, medical data was coded mainly for (retrospective) statistical, epidemiological 
and administrative purposes. Nowadays with the electronical availability of medical data, the 
importance of these data in daily care practice, and especially the importance of these data in 
interdisciplinary communication and for clinical research, has increased. This shift in use of 
medical data implies new requirements on terminological systems concerning for example the 
level of detail and the structure of the terminological systems and hence it is important to 
(re)study this. 
Although a major goal of terminological systems is the standardization of terminology to 
improve communication, the notions used in the literature to describe terminological systems 
themselves are not uniform, which makes it hard to communicate their underlying ideas. 
A good understanding of terminological systems is essential before one can assess whether an 
existing terminological system is appropriate for use in certain circumstances or when one has 
to develop a new system. Therefore a referential framework for understanding terminological 
systems is needed. Such a framework includes at least two components. First a terminology 
and typology of terminological systems and second a uniform (formal) representation of the 
structure of the terminological system. Existing standards such as ISO and CEN [3, 4] only 
describe the first part. Moreover, this is restricted to a rather dry enumeration of definitions 
about notions in the field. Therefore this chapter describes the first part of a framework for 
understanding terminological systems and summarizes the notions and definitions used by 
standard organization such as ISO and CEN, but enriched with interrelations between these 
notions, including a typology of terminological systems. This typology is illustrated by 
applying it to six medical terminological systems including diagnoses. 
This chapter plays a facilitating role for chapter 8 of this thesis. Chapter 8 includes our 
positive experience with the application of a conceptual and formal representation formalism 
to describe the structure of terminological systems. We hope these two papers would support 
researchers to interpret the merits and limitations of existing terminological systems and to 
build on existing work in the field. 
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Abstract 
This chapter describes the application of two popular conceptual and formal representation 

formalisms, as part of a framework for understanding terminological systems. A precise 
understanding of the structure of a terminological system is essential to assess the merits of 
existing terminological systems, to recognize patterns in various systems and to design and 
build new terminological systems. Our experience with the application of this framework to 
five general and well-known existing terminological systems and one existing terminological 
system for intensive care is described. 

8.1 Introduction 
For many decades various terminological systems have been developed with different 
domains and different structures ranging from strict hierarchies to semantic nets. These 
terminological systems had different purposes such as direct patient care or epidemiological 
research. Cimino et al. [1] and Campbell et al. [2] describe criteria concerning the essential 
conceptual features of an ideal terminological system. Chute et al. recently summarized and 
extended these criteria [3]. In spite of papers giving an overview of the strengths and 
weaknesses of terminological systems [2,4, 5] it is still hard to judge existing systems because 
the structure and characteristics of terminological systems are often incompletely and 
ambiguously described. We feel there is a need for a framework for understanding 
terminological systems. In order to understand and compare existing terminological systems 
and to evaluate them for specific goals there is a need for at least two components: (1) a 
uniform terminology and typology to characterize terminological systems themselves 
(chapter 7) and; (2) a uniform representation formalism to describe the structure of these 
terminological systems. 
The goal of this chapter is to provide a representation formalism for representing the structure 
of terminological systems and to report on our experience with its application on six existing 
terminological systems. An essential feature of our representation formalism is that it is 
conceptual, viz. it supports communication between for example domain experts and 
engineers of the terminological system. It should also help highlighting weak spots in the 
design by supporting the comparison of various terminological system structures with the 
characteristics required. Complementary to the conceptual part of the representation 
formalism, a formal counterpart (based on first order logic) is needed to enhance expressivity 
and disambiguity and to support consistency during development of new terminological 
systems and their maintenance and reuse. 
In section 8.2 we describe the representation formalism which is based on Entity 
Relationshipship Diagrams (ERD) and First Order Logic (FOL). In section 8.3 the relevant 
criteria of Cimino et al. [1] and Campbell et al. [2] are translated into this formalism. In 
section 8.4 we describe our experience with formalizing five well-known terminological 
systems: ICD [6, 7]; NHS clinical terms [8,9]; SNOMED [10,11]; UMLS [12, 13]; GALEN [14, 
15]; and one terminological system with an intensive care domain intended to record 
diagnoses for evaluative research: ICNARC Coding Method [16]. This section also includes a 
comparison of these structures with the formalized criteria. In section 8.5 we discuss the 
implications for the usability of these terminological systems. 
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8.2 Uniform representation formalism 
A uniform representation formalism supports the complete and unambiguous description of 
the structure of a terminological system and therefore enables the comparison of different 
terminological systems described by the same formalism. Important characteristics of a 
uniform representation formalism are: (1) conceptuality - i.e. it lends itself for human 
comprehension and communication, (2) adequate expressive power, and (3) non-ambiguity. 
The Entity-Relationship (ER) formalism [17] is a simple formalism capable of expressing 
concepts, relationships between concepts and some cardinality constraints, and it scores well 
on these criteria. The simple diagrammatic notations of ER (ER Diagram) have contributed 
immensely to its popularity. The notations use in the static part of object oriented formalisms 
such as OMT and UML could have also been used, because they basically express the same 
content. However, ERD may not always be adequate for expressing complex constraints. 
Hence, a more expressive instrument and a formal (based on mathematical notions) 
specification, is needed to complement it in order to avoid non-ambiguity and to capture 
complex constraints. Based on its expressive power and universality we have chosen (many 
sorted) First-Order-Logic (FOL). Our choice for ER with FOL means that descriptions in this 
formalism could easily be translated to and from other logic-based formalisms such as 
Ontolingua [18], conceptual graphs [19] and description logics [20] when their expressivity 
allows this. In the past, other researchers described the use of logic-based formalisms for the 
representation of medical data and pointed out that this is a pre-condition for automated 
reasoning [19-23]. Therefore, a formal and conceptual representation of the terminological 
system's structure, that is a meta-model of the medical concepts it includes, is essential in 
understanding the system and hence its usability. 

8.3 Representation of criteria for terminological systems 
Cimino et al. and Campbell et al. describe essential conceptual criteria of an ideal 
terminological system [1,2]. As summarized in Table 8.1 we distinguish two categories of 
these criteria: criteria which concern the representation formalism itself, e.g. concepts and 
attributes, and criteria which concern the descriptions of the domain (the model) using the 
representation formalism, e.g. domain completeness. In this section we describe the relevant 
criteria of both categories with the ER formalism and a FOL description. This 
conceptualization and formalization enables the recognition of patterns in the structure of 
terminological systems relative to these criteria and relative to each other as described in 
section 8.4. It also forms the basis for the design of new terminological systems. 

Table 8.1 Criteria on the formalism and criteria on the model mentioned by Cimino et al. and Campbell et al. 

Criteria on the formalism 
Concepts and attributes 

Explicit relationships 

Compositional rules 

Criteria on the model 
Domain completeness 

Synonyms and multi-linguistic terms 

Non ambiguity, non vagueness and non redundancy 

Multiple classification 

Context free codes & Unique codes 

Cross mapping 

Use of definitions 
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8.3.1 Criteria concerning the representation formalism 
In this section we describe criteria for the representation formalism which form the basis for 
the domain criteria described in section 8.3.2. As explained in [24] the building blocks of 
most conceptualizations and hence also of terminological systems are concepts, attributes 
and relationships between concepts. These are represented in ERD respectively by a 
rectangle, an arrow connected with an ellipse, and a diamond connecting rectangles by 
arrows (see Figure 8.1). Relationships between concepts can be distinguished in hierarchical 
relationships ("Is_a" and "Is_part_of' relationships) and non-hierarchical relationships (e.g. 
"caused_by")- When modelling the medical domain we represent an "Is_a" relationship 
between two different concepts as shown on the left side of Figure 8.2, e.g. hepatitis Is_a 
liver disease. For the purpose of the description of models of terminological systems 
themselves we distinguish in this paper a meta-level "Is_a" relationship (right side of Figure 
8.2). In the meta-model the meta-concept has instances which are concepts at the domain 
level, e.g. "hepatitis" and "liver disease" are hierarchically related concepts and are instances 
of the meta-concept "disease". 

Concept 
e.g. Health 

problem 

attribute 

e.g. volume 

Concept 
e.g. Organ 

Notation of relationships and their cardinality 

Notation 

Is 
A ^—* B 

>1 R 
L 

C R 3 

B 

• B 

Alternative notation Meaning 

A is exactly one B 

A belongs to 1 B in R 
B belongs to zero or many A in R 
A belongs to zero or many B in R 
B belongs to one or many A in R 
A belongs to one B in R 
B belongs to one A in R 

Figure 8.1 ERD representation of concepts, attributes and relationships. There are many other notations in the 
literature. 

Concept 
e.g. Liver disease 

/ * 
Concept 

e.g. Hepatitis 

_a 

"ls_a" 

Superordinatc concept 

Concept 
e.g. Disease 

Subordinate concept 

Figure 8.2 ERD representation of hierarchical relationship normal(lefl) and at the meta-level (right). Note the 
difference in the cardinality constraints. 
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A terminological system should enable the use of attributes to define or further specify 
concepts. Relationships between concepts should be made explicit. Without explicitly 
representing relationships it is hard or impossible to (automatically) interpret the meaning of 
a relationship, e.g. a relationship between "Health problem" and "Medication" can be 
interpreted as "Health problem treated_by Medication" or as "Health problem 
is_side_effect_of Medication". Relationships between concepts can be made explicit by a 
label designating the meaning of the relationships. Besides a label to designate the meaning 
of a relationship, constraints are sometimes necessary to restrict the interpretation of the 
relationship and to make it explicit. As shown the ER formalism satisfies this condition. 
The next criterion is "composition rules". Composition rules define how and which concepts 
can be used to compose new concepts. The formalism should support the specification of 
composites by syntax rules. With FOL one could easily specify the composites declaratively 
(that is, to specify what constitutes a composition rather than specifying it procedurally). 
Declarative specification as used in GALEN (section 8.4.6) is an important way to specify 
composites. 

8.3.2 Domain model criteria 
This section describes the criteria which concern the model of terminological systems. 
Domain completeness means that the terminological system should not be restricted in detail 
whether in depth or in breadth. A chain of hierarchical relationships which reflects 
descendants of a concept represents detail in depth. The number of direct children of a 
concept represents detail in breadth. Domain completeness implies that there should be no 
constraints on the number of descendents generations or number of direct children of a 
concept. Any constraint on the cardinality of the "Is_a" relationship or on the value of the 
(depth) level of the hierarchy would hinder domain completeness. Figure 8.3 formally 
describes a hierarchy and the "Direct_Is_a" relationship, furthermore an example of a 
restricted hierarchy is given. 

Superordinate 
— (Oirect)_ls_a 

Concept Subordinate concept 

Formalization of a hierarchy: 
• Direct_Is_a(x,y) -> Is_a (x,y) 

If x is a direct child of y then is x also a subordinate of y. ^ T j \ . concept 
• ls_a(x,y) A Is_a(y,z) —> Is_a(x,z) ^-—•-^x. 

The ls_a relation is transitive level 
• level(root)=0 

The root has level zero, assuming root is the root of the hierarchy. 
• V c l . c 2 6 concept Direct_is_a(c2,cl) —> (level(c2)=level(cl) +1) 

c2 is a direct child, 1 level higher than cl which is c2's direct parent. 
Restriction of the hierarchy (this implies domain incompleteness): 
• 3 U B V « Conccp, level(c) < L 

There is a maximum number, L, of hierarchical steps in the Is_a chain (this constraints the hierarchy in depth) 
• 3 M e N Vcs concept Hyeconcept | Direct_Is_a(y,c)}| < M 

There exists a maximum M on the cardinality of the Direct_Is_a relationship (this constraints the number of 
tuples including concept c as superordinate). 

Figure 8.3 ERD and FOL description of a general hierarchy and of domain incompleteness. Note that this 
specification is to be interpreted as a prescription meaning that L and M are chosen beforehand 
and that all instances of the terminological system could never have depth or breadth which exceed 
L and M. This means that when no specification ofL and M are given in the model, there are no 
restrictions on the domain completeness. 
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The criterion Synonyms and multi-lingual terms means that a unique concept may be 
designated by multiple terms in more than one language. The representation of this criterion 
is presented in Figure 8.4. 

Each concept is described by one or more terms 
• V, 6 Tcm | {<x,y> e Description | y=t} | > 1 

Each term describes one or more concepts 
• code: Concept —> String 

A concept has one string (alpha-numeric code) 
• name: Term -> String 

A term has one name (a string) 
• language: Term -> {English, Dutch, French,...} 

A term belongs to one language 

Figure 8.4 ERD and FOL description of synonyms and multi-lingual terms. 

Other model criteria concerning terms, concepts and their relationships are non-ambiguity, 
non-vagueness and non-redundancy. Non-vagueness prescribes that concepts must be 
complete in meaning, that is, refer to an object in the domain. Non-ambiguity prescribes that 
a concept refers to exactly one object in the domain. Non-redundancy prescribes that there 
should be a mechanism which prevents the existence of multiple different concept 
representations with the same meaning. These three criteria are not limited to the model of 
the terminological system, they are constraints on the meaning of concepts which ought to be 
considered by the knowledge engineer who develops the terminological system. To support 
the criterion of non-redundancy in the model, we could express the fact that each concept has 
one preferred term and zero or more synonymous terms per language. This results in an 
adaptation of Figure 8.4 into Figure 8.5, which consists of an ERD and FOL description of 
non-redundancy, synonyms and multi-lingual terms. 
The next criterion on a terminological systems model is multiple classification. Multiple 
classification is represented by a generic relationship in which a subordinate concept is 
related to as many superordinate concepts as required, e.g. "pneumococcal pneumonia" is a 
subordinate concept of the superordinate concept "lung diseases" as well as of the 
superordinate concept "infectious diseases". Although Cimino et al. restrict this criterion to 
generic relationships, it seems logical that multiple hierarchical relationships are also valid 
for partitive relationships, e.g. arteria renales is part of the arterial system and is part of the 
kidneys. Figure 8.6 conceptually describes multiple classification and it represents a formal 
statement to avoid multiple classification. Hence, models with multiple classification do not 
include this formal statement. 
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\code 

Description cz Concepts x Terms x Languages 
The relationship "Description" is a subset of the Cartesian product of all concepts, terms and languages 
SynonyrrLtype: Description —> {preferred, synonym) 
A term can be a preferred or synonymous description of a concept in a language 
code: Concept —> String 
A concept has one string (alpha-numeric code) 
name: Term —> String 
A term has one name (a string) 
' c e Concept v l € Language 3!ieTcrm (Description(c,l,t) A synonym_type(<c,l,t>)=preferred)) 

For every language there is exactly one preferred term per concept. 3!y A means that exactly one "y" exists for 
which A is true. 
Vcu concept V|e Language V„ Tcrm (Description(c 1 ,l,t) A synonym_type(<c 1 ,l,t>)=preferred) -> 
-i3c 2 6 concept (Description(c2,l,t) A synonym_type(<c2,l,t>)=preferred A c2*cl) 
For each language a term can be preferred for just one concept, i.e. different concepts cannot have the same 
preferred term. 

Figure 8.5 ERD and FOL description of non-redundancy, synonyms and multi-lingual terms. 

Superordinate concept Superordinate concept 

Is_part_of 

Subordinate 
concept 

Concept 

Isa 

Subordinate 
concept 

In order to avoid multiple classification one could specify: 
• Vc],C2,c36 concept (Direct_is_a(c 1 ,c2) A Direct_is_a(cl,c3) -> c3=c2) 

A subordinate concept c 1 cannot have more than one superordinate concept 

Figure 8.6 ERD and FOL description of multiple classification and FOL statement to avoid multiple 
classification. 

A code can be conceived as an attribute of a concept. Codes must be unique (see Figure 8.7) 
and non-significant, i.e. context free, hence not related to the meaning or the position of the 
concept in the hierarchy. Another criterion concerning codes is the possibility of cross-
mapping, e.g. for administrative reasons. This can be observed or achieved by an attribute 
"cross mapping code" appearing at each concept. The cross-mapping code e.g. between ICD 
and a local terminological system, can be either manually or (semi) automatically derived. 

96 

file:///code


Understanding Terminological Systems II: Experience with conceptual and formal representation of structure 

Concept 

• code: Concept —> String 
Each concept has an alpha-numeric string 

• VC|.c2e Co„cepl (c 1 * c2 -> code(c 1) * code(c2)) 
Two different concepts cannot have the same code, i.e. Code is an injective function 

Figure 8.7 ERD and FOL representation of unique codes. 

The last criterion concerns the use of definitions. Some terminological systems have textual 
definitions which have to be interpreted by the human reader. Textual definitions can be 
represented as in Figure 8.7 in which an attribute "definition" has to be added. Definitions 
can be represented at least partly by ERD and FOL, but sometimes it is impossible to 
represent them by ERD and FOL. This is mostly due to the fact that a definition is unknown, 
and not due to lack of expressiveness of ERD and FOL. For example, some syndromes are 
called after the person who labeled a combination of symptoms without explicitly knowing a 
definition of the syndrome. 
If the definitions were formal, a computer could (at least partially) process them and use them 
for automated reasoning such as consistency checking [20] and knowledge acquisition in 
GAMES[23] and PROTÉGÉ [25], 

8.4 Description of existing terminological systems 
The conceptual and formal representation of terminological systems supports a better 
understanding of their structure. It helps to recognise the patterns in the designs of different 
terminological systems by a uniform view, which enables the ascertaining of gaps and 
incompleteness in the terminological system. 
In chapter 7 we globally described the historical background, the typology and the coding 
scheme of the ICD-10 [7], NHS Clinical Terms [8.9], SNOMED [10, 11], ICM [16], UMLS 
[12, 13] and GALEN [14, 15, 26]. In this section we use ERD and FOL to describe the structure 
of these terminological systems and compare them with the criteria described in the section 
8.3. For brevity, we only represent the essential information in FOL which is not represented 
in the ERD. 

8.4.1 ICD-10 
A conceptual and formal model of the ICD-10 is presented in Figure 8.8. Although Figure 8.8 
shows explicit relationships to clarify the model of ICD-10, as the "Is_a" relationship, in 
reality the ICD-10 does not contain explicit relationships. For neoplasm concepts there are 
composition possibilities. A coded nomenclature for morphology of neoplasms is part of the 
ICD. Each concept in the ICD chapter 2 "Neoplasms" can be extended with a morphology 
concept and code, which consists of 5 positions. The first four positions represent the 
histology and the fifth position represents the behaviour of the neoplasm, e.g. "0=benign", 
"l=uncertain whether benign or malignant", "3=malignant, primary site". For non-neoplasm 
concepts there are no attributes and composition rules to compose new complex concepts. 
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Direct Is a Super* 

Sub* 
0.1.2 | 

^ "2eve/_ 
detail 

Extension 

Concept 

.of- f 

Neoplasm 
Concept 

Vcs conccpi Level_of_detail(c) >2 A Level_of_detail(c) < 4 
The number of levels of Direct_Is_A (detail in depth) is restricted to four. 
Vc s conccp. V c d e code Designate_code(c,cd) A | )<x,cd> e Designate_code|x=c( | =1 -> codetype(cd)=nil 
For each concept which is designated to exactly one code, that code has no specific type (nill) 

Vc e concept Vcdl.cd2 2 s code Designate_code(c,cdl) A Designate_code(c,cd2) A cdl*cd2 
((code_type(cd 1 )= "*" A code_type(cd2)= "t") v (code_type(cdl)= "t" A code_type(cd2)= "*")) 
If a concept is designated by two different codes, one of the codes has the type "*" and the other code has type "t" 

* "Sub" and "Super" mean "subordinate concept" and "superordinate concept" 

Figure 8.8 ERD and FOL representation of ICD-10. 

Chapter 5 contains mental and behavioural disorders which are mainly natural kinds [27, 28]. 
For brevity and because this domain falls outside the context of this thesis we did not include 
this complexity in figure 8.8. 
Comparing Figure 8.3 and Figure 8.8 tells us that domain completeness of ICD-10 is 
restricted to 4 levels of depth. Because there is no real distinction between concepts and 
terms, notions as synonyms, multi-lingual terms and non-redundancy, as represented in 
Figure 8.5, are not found in Figure 8.8. From Figure 8.6 and Figure 8.8 we conclude that 
multiple classification is restricted in ICD-10 by the cardinality: concepts have 0, 1 or 2 
parents. Comparing Figure 8.7 and Figure 8.8 tells us that each concept is at least designated 
by one unique code and at most by two unique codes. 1CD distinguishes a dagger code 
related to the aetiology and an asterisk code related to the location of the diagnostic term. For 
example, meningococcal meningitis has two codes: A39.0t in the chapter "certain infectious 
and parasitic diseases" (aetiology) and G01* in the chapter "disease of the nervous system" 
(localisation). Definitions, more specific than the implicit interpretation that a subordinate 
concept is a more specific form of the superordinate concept, are lacking. 

8.4.2 NHS Clinical Terms 
The NHS Clinical Terms, formerly known as the Read Clinical Classification forms a 
classification of medical concepts representing many domains such as diseases, signs, 
procedures, etc. Each of these subdomains contains concepts related by generic relationships. 
This system views partitive relationships as generic relationships by introducing structure 
concepts. For example, the subordinate concept "aortic arch" is part of the superordinate 
concept "thoracic aorta", but instead of a direct partitive link this concept is generically 
linked to the structure concept "thoracic aorta structure". 
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Although relationships are not formally made explicit, during the qualification of concepts, 
implicit relationships are used in the lookup tables (templates) to define combinations of 
concepts, attributes and attribute values in a controlled way [29]. Table 8.2 is an example of 
such a template table in which the attribute "course of illness" can be used to qualify the 
concept "heart failure" into "acute heart failure" or "chronic heart failure". For each concept 
the accompanying attributes and allowable values are defined. The relationship between a 
concept and an attribute has a status: Qualifier if the attribute might supply extra detail which 
a user might choose to further describe a concept, e.g. "course of illness" in Table 8.2; Atom 
if the attribute is an intrinsic characteristic of a concept, e.g. "site" in Table 8.2; Fact if the 
attribute is a fact about the concept (facts are only used in the drug dictionary, e.g. 
Amoxycillin 250 mg capsules may be qualified by the fact that these are only available on 
prescription). The semantic status (shown in figure 8.9, not shown in Table 8.2) of an 
attribute describes which operations can be carried out on the given attribute values. For 
example F= value is final and must not be refined; M= mandatory to refine; R= may be 
refined; Q= only qualifier may be refined, not its children; C= only children may be refined; 
N= only numerical qualifiers may be refined; U=unspecified. The template tables define 
which concepts can be modified by which attributes, but lack explicit constraints e.g. on 
combinations of attributes. Furthermore, existing atoms are not consistently used to describe 
the intension of their corresponding concept. Hence, definitions are unnecessarily partially 
specified. 

Table 8.2 Template table for "heart failure". 

Concept 
Heart failure 

Attribute 
Course of illness 

Site 

Value 
Acute 
Chronic 

Cardiac 
structure 

Status 

Q 
Q 
A 

Figure 8.9 provides a conceptual and formal description of the NHS Clinical Terms. 
Comparing Figure 8.3 and Figure 8.6 with Figure 8.9 tells us that NHS Clinical Terms has no 
limitations to domain completeness and that multiple classification is possible. Comparing 
Figure 8.5 and Figure 8.7 with Figure 8.9 tells us that synonyms, non-redundancy and unique 
codes are supported in RCC. Each concept in the RCC is designated by a description which 
consists of a unique Read code and a unique term (identifier) for the concept. For example 
the concept with Read code 268702016 has two terms: "TBM-Tuberculous meningitis" with 
term code 587469505 and "Tuberculous meningitis" with term code 587469502. Preferred 
and synonymous descriptions are subordinates of description and each concept has one 
preferred description and possibly some synonymous descriptions. 

99 



Chapter 8 

• Vd6 Description Vce concepi V,6 Tcrm Descr_by(c,d) A Consist_of(d,t) —> name(d)= Concat (code_string(d), term_id(t)) 
Description of a concept exists of a Read code and a term(id) 

• Vra e R<.ad alIribuK V rav, Read a„ribuie value V,< „< g | {<x,y,z> e Value_of| x = ra A y=rv A z=n J | = n 
If Read cardinality number lies between 1 and 8, the cardinality of the relation between Read attribute and Read 
attribute value is the Read cardinality, otherwise it is unspecified or unlimited. 

Figure 8.9 ERD and FOL description of the NHS Clinical Terms. 

8.4.3 SNOMED 
The structure of SNOMED consists of eleven modules (a module is also called axis or 
dimension) which can be conceived as distinct classifications. The eleven modules concern 
the following domains: Topography, Morphology, Function, Living organisms, Chemicals & 
drugs & biological products, Physical agents, Occupations, Social context, Disease and 
diagnosis, Procedures, General modifiers. Figure 8.10 is a conceptual and formal description 
of SNOMED. 
As shown in Figure 8.10 concepts are related to each other using hierarchical relationships 
and (concept between different axes are also related) by non-hierarchical relationships. The 
term "Tonsil" for example is part of (partitive and so hierarchical relationship) the Gl-tract 
and the hematopoietic-lymphoid system. An example of non-hierarchical relationships 
between terms are the relations between the disease "Tuberculosis" in the "Disease and 
diagnosis" and "Lung" in the topographical module, "Granuloma" in the morphology 
module, "M.tuberculosis" in the living organisms module and "Fever" in the function 
module. Since version II of SNOMED these relationships are explicit although a formal 
model lacks. 
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Direct Is 
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Concept 

r 
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Non generic 
relationship 

Describes 

Module: Term —> {Topography, Morphology, Function, Living organisms. Chemicals & drugs & biological 
products, Physical agents, Occupations, Social context. Disease and diagnosis, Procedures, General modifiers} 
A term belongs to one of eleven modules. 
Vd € Disease lerm Module(d) = "Disease and diagnosis" 
Each disease term has module " Disease and diagnosis" 
' c I ,c2 e Conceptv 11. t2 e Term Is_a (c 1 ,c2) A Description^ 1 ,t 1) A Description(c2,t2) —> Module(t 1) = Module(t2) 
Subordinate term descriptions have the same module as their superordinate term description. 
' c e Concept™ d e Description " y e Composed description VVJ , (Describes(d,c) A Is_a(y,d) A Consists_of(y,v) A 

Consists_of(y,w)) -> (description_code(y) = Concat(SNOMED_code(v), SNOMED_code(w))) 
The SNOMED code of a composed concept is the concatenation of the codes of the individual terms. 

Figure 8.10 ERD and FOL representation of the structure of SNOMED international. 

Concepts are non-vague that is they represent an object. Some terms, e.g. from the General 
modifier module, are vague but these are only used to compose new concepts. Concepts of 
the various modules/axes can be linked in order to compose new complex medical concepts 
but SNOMED has not formalised any constraints on these compositions. Comparing Figure 
8.3 and Figure 8.6 with Figure 8.10 shows that SNOMED has no limitations to domain 
completeness and that multiple classification is possible. Comparing Figure 8.5 and Figure 
8.7 with Figure 8.10 shows that synonyms, multi-lingual terms, non-redundancy and unique 
codes are not supported in SNOMED. A disease concept can often be described by a non-
vague concept from the "Disease and diagnoses" module, e.g. DE-14800 Tuberculosis, but in 
some cases it is also possible to describe the same concept with a concatenation of different 
concepts, e.g. Lung + Granuloma + M.tuberculosis + Fever which also represents 
Tuberculosis. Although each concept in SNOMED is described by one or more descriptions, 
there is no distinction between preferred and synonymous terms. Partial definitions are only 
available for concatenated concepts, in that case the definition is the enumeration of 
concatenated characteristics. SNOMED RT, currently under development, seems to address 
all above mentioned deficiencies by using a formal model [II] based on description logics 
[20]. 
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8.4.4 ICNARC Coding Method 
The ICNARC Coding Method (ICM) is an intensive care diagnostic terminology without 
generic relationships between terms. As shown in Figure 8.11, ICM has a hierarchical five-
tier structure: type (surgical/non-surgical); body system; anatomical site; 
physiological/pathological process; and diagnostic condition. With the exception of the 
relationship between type and body system, the higher tier prescribes the allowable values on 
the lower tier, e.g. the selected body system prescribes which anatomical sites can be chosen. 
It is allowed to stop at a higher tier than the (last) condition tier when a further tier is not 
appropriate. All relationships between the concept and the five tiers are understandable but 
implicit. 

String Concept 

Condition 

condition code 

* c e Concept -J t e Type ^ b e Body system Rt(t,c) A Rb(b,c) 
Every concept is related to at least one type and one body system 
V c e Concept 3 a e Anatomical site 3 p e process R p ( P , c ) ™* R a ( a , C ) 

If a concept is related to a process, it has to be related to an anatomical site 
V c u Concept 3 p s Process 3 cd e Condition R c ( c d , C ) —> R p ( p , c ) 

If a concept is related to a condition, it has to be related to a process 
V c « Concept V , s T y p c V b , Body system V , e Anatomical s i » - > 3 p 6 Process R t ( t , C ) A R b ( b , C > A R a ( a , C ) A R p ( p , C ) - > C O d e ( c ) = 

Concat (type_code(t), system_code(b), site_code(a)) 
A code of a concept only defined by type, body system and anatomical site, is the concatenation of the codes of 
the type, body system and anatomical site related to that concept. 
V c e Concept V , s Type^b e Body system'v'a s Anatomical s i le^p 6 Process " " '3 c d e Condition R t ( t , C ) A R b ( b , C ) A R a ( a , c ) A R p ( p , c ) A 

Rc(cd,c)-> code(c)= Concat (type_code(t), system_code(b), site_code(a), process_code(p)) 
A code of a concept only defined by type, body system, anatomical site and process is the concatenation of the 
codes of the type, body system, anatomical site and process related to that concept. 
V c e Concept V , s T y p e ^ b e Body system^a € Anatomical siteVp 6 Processed e Condition R t ( t , C ) A R b ( b , C ) A R a ( a , C ) A R p ( p , C ) A 

Rc(cd,c)—> code(c)= Concat (type_code(t), system_code(b), site_code(a), process_code(p), condition_code(cd)) 
A code of a "full-described" concept is the concatenation of the codes of the type, body system, anatomical site, 
process and condition related to that concept. 

Figure 8.11 ERD and FOL representation of ICM structure. 

Comparing Figure 8.3 and Figure 8.11 tells us that domain completeness of ICM is restricted 
in breadth to the five tiers and in depth because generic relationships between concepts are 
lacking. As there is no distinction between concepts and terms, synonyms, multi-lingual 
terms and non-redundancy (Figure 8.5) are not found in Figure 8.11. Some conditions can be 
reached by different combinations of type, body system, anatomical site and process (see 
Figure 5.1). Different codes for a same condition are linked in a conversion table to restrict 
redundancy. Although concepts can be reached by different combinations of the five tiers, 
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which can be interpreted as multiple classification, real multiple classification is not 
supported by 1CM because of the lack of generic relationships between concepts. Comparing 
Figure 8.7 and the formal part of Figure 8.11 tells us that each concept is designated by at 
least one unique code. Partial definitions are implicitly available by the concatenation of the 
five tiers. 

8.4.5 UMLS 
The UMLS consists of the Metathesaurus, the Semantic network, the Specialist lexicon and 
the Information Sources Map. For brevity we only conceptually and formally describe the 
metathesaurus and the semantic network, because these two together form the most 
comparable component with the terminological systems described in the remainder of this 
chapter. The Metathesaurus provides information about concepts, terms, string-names and the 
relationships among them, drawn from established terminological systems such as ICD-9-
CM/ICD-10, SNOMED and MeSH. As shown in Figure 8.12 the metathesaurus represents 
"broader", "narrower", "other", relationships between different concepts (and optionally the 
relationships defined in the semantic network). Many relationships are derived directly from 
source terminological systems. For example the hierarchical relationships in MeSH or ICD 
are manually made explicit in UMLS as "Is_a" or "Part_of' relationships. The UMLS does 
not contain composition rules to compose new complex concepts. 

Semantic net 

Semantic 
network concept 

Assigned_to 

Semantic net 
relation 

Is a 

0,1 

Generic 
relationships 

A ss ign_Rel_to 

Is a 

Non-generii 
relationships 

-ferm_id string_id 

Term 

erminologicaT" 
system 

source of string 

String 
descr 

Strinc 

roader, narrower, Qth£F£> 

VC6 uMLSconccpt V,6 Language 3!,6 Tcrm (Description(c,l,t) A synonym_type(<c,l,t>)=preferred)) 
For every language there is exactly one preferred term per concept. 3!y A means that exactly one "y" exists for 
which A is true. 
Vcie uMLSconcep. V|« Language V,€ Tcrm (Description(c 1 ,l,t) A synonym_type(<c 1 ,l,t>)=preferred) -» 
-•3c2s concepr (Description(c2,l,t) A synonym_type(<c2,!,t>)=preferred A c2*cl) 
For each language a term can be preferred for just one concept, i.e. different concepts cannot have the same preferred 
term. 
V c e UMLS concept 3 S E Semanlic concepc A s s i g n e d _ t O ( c , S ) 

Each metathesaurus concept is assigned to at least one semantic concept in the semantic network 

Figure 8.12 ERD and FOL representation of the structure of UMLS Metathesaurus and Semantic network. 
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Comparing Figure 8.3 and Figure 8.6 with Figure 8.12 tells us that UMLS has no limitations 
to domain completeness and that multiple classification is possible. From the comparison 
between Figure 8.4 and Figure 8.7 with Figure 8.12 we conclude that synonyms, multiple-
lingual terms, non-redundancy and unique codes are supported in UMLS. Each concept in the 
UMLS is described by one preferred and possibly more synonymous terms which are in turn 
linked to multiple strings (plurals etc.). Each concept has an attribute "definition", a textual 
definition which describes the meaning of the concept. 
Each concept in the metathesaurus is assigned to the most (one of 132) specific semantic 
category available in the semantic network. The left part of Figure 8.12 is only a general and 
simplified conceptual and formal description of the semantic network. The semantic network 
provides information about the set of basic semantic categories (also called semantic types): 
Physical objects (e.g. organisms), Conceptual entities (e.g. findings), Activities (e.g. 
behaviour) and Phenomenons and processes (e.g. biological function) and their relationships. 
Via the "Is_a" link, relationships and attributes are inherited by the subordinates of the high 
level semantic category. By inheritance the relationship "process_of' between "Biological 
function" and "Organism" also exists between "Disease or Syndrome" (which Is_a "Biologic 
Function") and "Human" (which h_a an "Organism"). The inheritance of relationships can 
be blocked in case the subordinates of a semantic category conflict with the relationship, e.g. 
"Mental or Behavioural dysfunction" is a "Biologic Function" which can be related to an 
"Organism" by the "process of' relationship. "Plants" is a subordinate of "Organisms" but 
cannot have a mental dysfunction, therefore this inheritance is blocked. Relationships 
between semantic categories do not necessarily apply to all metathesaurus concepts that have 
been assigned to those semantic categories. For example the relationship "evaluationsf 
exists between the semantic categories "Sign" and "Organism attribute". The metathesaurus 
concept "overweight", related to the semantic category "Sign", is an evaluation of the 
"Organism attribute" concept "body weight" but it is not an evaluation of the "Organism 
attribute" concept "body length". Inconsistencies between metathesaurus concepts cannot be 
blocked. 

8.4.6 GALEN 
GALEN is different from the above mentioned terminological systems. Like UMLS and 
SNOMED RT, GALEN provides an explicit model of the domain but GALEN also provides 
a flexible representation language based on description logics [20]. GALEN's goal is to 
formally describe and model the medical domain by which the interchangeability of 
electronic medical data of different data sources can be supported. The "Terminology Server" 
of GALEN is the implementational instrument of GALEN's goal. The Terminology Server 
integrates three modules: the Concept Module, the Multilingual Module and the Code 
Conversion module. 
The Concept Module utilizes the GALEN Representation and Integration Language 
(GRAIL), a formalism based on Description Logics, to represent and manipulate the Concept 
Reference (CORE) model. The Core model is an ontology comprising approximately 5,000 
concepts (e.g. bones, organs, fractures) and 1,000 explicit relationships (e.g. HaveLocation, 
HaveComplexity) in 1998. The GRAIL formalism allows developers of terminologies to 
create models containing these concepts and relationship, and to derive (automatically) new 
composed concepts. 
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There are no restrictions on domain completeness. To guarantee non-redundant and sensible 
composed concepts, automated reasoning facilitated by reasoning services of Description 
Logics [20], is used. 
Relationships between concepts can be sanctioning or descriptive. Sanctioning relationships 
specify how concepts are allowed to be used in the formation of composites. There are three 
types of sanctioning relationships: conceivable, grammatical and sensible. Conceivable 
sanctioning relationships are used for attribute declaration. Grammatical sanctioning 
relationships between concepts mean that a relationship between the (mostly high level) 
concepts is grammatically possible but do not have to be clinically relevant, e.g. Lesion 
grammatically HasLocation Bodypart. Sensible sanctioning relationships are sufficiently 
tight that the composition sanctioned can be sensibly generated, e.g. Fracture sensibly 
HasLocation Bone. 
Two types of descriptive relationships can be distinguished: defining and necessary 
relationships. Defining relationships are relationships that represent the definition of a 
composite, e.g. Fracture which <HasLocation Femur> is the definition of complex femur 
fracture. Defining relationships are important in extending the model. Statements about 
essential properties of categories are called necessary relationships, e.g. Femur necessarily 
isComponentOf Thigh, implies that there exists no femur which is not a component of the 
thigh. Figure 8.13 shows a piece of GRAIL code modelling femur fractures (fracture is a 
trauma, femur is a bone in which a fracture can be located). Automated reasoning within 
GRAIL facilitates multiple classification. 

Trauma 

Fracture 

*~ 

ls_a 

®6 

Body part 

© Bone 

Femur 

Fracture which 
<HasLocation Femur> 

(a j Grammatical sanctioning 
^^^ relationship 

0 

®6 

Sensible sanctioning 
relationship 

Defining relationship. E.g. B*s are A's 
which have relationship R with C. 
B= {xeA|3yeCR(x .y ) [ 

Figure 8.13 GRAIL formalism representing femur fracture. 
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Figure 8.14 is a conceptual and formal representation of a GALEN (general GRAIL) model. 
Models developed with GRAIL are language independent and therefore the model of 
concepts is separated from the (synonymous) terms used to designate them. The Multilingual 
Module manages the mapping of concepts to terms and hence information entered in one 
language can be displayed in another. The terms for any GRAIL model will reside in separate 
lexicons in the Multilingual Module which handles issues as preferred terms separately from 
the model itself. 
The Code Conversion Module (not presented in Figure 8.14) can be used as an inter-lingua 
and manages the mapping of concepts to and from existing coding systems. 

Code conversion module 

String 

/stem. 

Primitive 
concept 

Which_Composite 
statement 

XOR 

Is a 

Relation 

• Consists_of(A,B) 
A consists of (at least) B 

• V w e Which.Composite.S»,™,™ V c e ComposhcConcepl ConsiStS_of(W,c) -> -3 w s e Wh,ch_S,a,cmcn, Con S i s t_of(w,WS) 

Explanation XOR: if a Which_Composite_Statement consists of a Composite_Concept then the Which_Composite_concep 
does not consist of a WhictuStatement (although the Composite__Concept can consist of a Which_Statement) 

" V w s Wh,ch_Composi,e_Sla,cmcn, V w s e Which_Sla,cme„, ConSJStS_Of( W,WS) ^ n 3 c s c»mpos,,c_Conccpl Consist_of(\V,C) 

Explanation XOR: if a Which_Composite_Statement consists of a Which^Statement then the Which_Composite_concept 
does not consist of a Composite_Concept (although the Composite_Concept can consist of a Which_Statement) 

• In "A which is B whichRel C": "A" is the Concept, "A which is B whichRel C' is the Composite_Concept and "which is B 
whichRel C' is the Which_Composite_statement. "B whichRel C' is the next level Composite_Concept in which "B" is the 
Concept and "whichRel C' is both Which_Composite_statement and Which_statement. The Which_statement consists of 
"whichRer (relation) and "C (concept). 

Figure 8.14 Conceptual and formal presentation of a GRAIL model. Code conversion module and Multilingual Module. 
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8.5 Discussion 
In this chapter we have described the second part of a framework for understanding 
terminological systems and our experiences with its application: the use of conceptual and 
formal representation formalisms for representing the structure of a terminological system. 
After applying the formalism to the required criteria of an ideal terminological system in 
section 8.3, we applied the representation formalism to describe the structure of important 
terminological systems in section 8.4. In our experience, formalization supports the 
comparison between the criteria on terminological systems (Figure 8.1 to Figure 8.7) and the 
structure of existing terminological systems (Figure 8.8 to Figure 8.14). The formalized 
criteria in figure 8.1 to 8.7 served as a reference design that helped us to observe 
discrepancies in some terminological systems. The largest discrepancies between the criteria 
and the ICD and ICM, which we have observed during this exercise, are the lack of explicit 
relationships and definitions, the lack of separating terms and concepts (and so the lack of 
synonyms), and the restrictions of domain completeness. The ICD lacks syntax rules and 
thereby it is impossible to compose new concepts. In the ICM the (implicit) composition 
rules are strictly and hierarchically defined so that one has to follow the surgical-system-site-
process-condition path without the possibility to skip one of these steps. We think that 
especially (formal) definitions and explicit composition rules are essential criteria for future 
terminological systems because, especially when expressed in a restricted form, they can 
facilitate automated reasoning such as consistency checking, classification [20] and 
knowledge acquisition (data entry) [25]. 
The NHS Clinical Terms, SNOMED and the UMLS do better on most criteria, but 
composition rules and formal definitions are insufficient. SNOMED RT aims to address this 
deficiency but it is not operational yet. The UMLS uses a semantic network to structure 
concepts in the medical domain. Reasoning is not (optimally) supported in the UMLS 
because nodes and arcs are only intuitively defined by their labels on a high level of detail, 
and therefore sensibility control on metathesaurus concept level is not supported. 
The GALEN project is an ambitious and promising project aiming at a formal description of 
the total medical domain. GALEN has the intention to adhere to the criteria mentioned in 
section 8.3 but the realization of all these intentions is still under construction. Moreover, the 
restrictions of the description logics on which GALEN is based, improves reasoning with the 
system, but constrains its expressivity. But even the somewhat restricted expressiveness of 
GALEN and its orientation towards the total medical domain still implies that a great effort 
should go into the syntax and grammatical rules to guarantee sensibly composed concepts. 
We intend a thorough and practical evaluation of the CORE model and the GALEN 
applications in a collaborative research. Special attention will be paid to the evaluation of the 
expressiveness and the possibilities for automated reasoning in clinical settings. 
We believe that the formalization of terminological systems helped us with a thorough 
understanding of their structure and thereby their applicability. It was also the basis for the 
development of a new terminological system for intensive care (see chapter 9). In our 
opinion, formal representation formalisms constitute indispensable tools for serious 
terminological system developers. The representation of the structure of a terminological 
system in a conceptual and formal way has advantages beyond the mere understanding of the 
terminological system [19, 21-23, 30]. 
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A conceptual and formal representation of a structure of a system supports the 
communication about what the system means and it supports development of new systems by 
finding the "desired patterns", the criteria described in section 8.3, in the design and by 
building new designs based on desired ones. Furthermore, by making knowledge of the 
underlying domain explicit with formal specifications, these specifications can be used in a 
knowledge acquisition tool, such as GAMES [24] and PROTÉGÉ [25], to support inference of 
new knowledge and to support consistency checks within the terminological system. These 
are important tools for the management of the terminological system. 
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Analysis and design of a terminological system for intensive care diagnoses 

Abstract 
Information about the patient's health status, and about medical problems in general, 
play an important role in stratifying a patient population for quality assessment of 
intensive care. A terminological system which supports both the description of health 
problems for daily care practice and the aggregation of diagnostic information for 
evaluative research, is desirable for the description of the patient population. This 
chapter describes the engineering of an ontology that is at the heart of a terminological 
system for intensive care diagnoses. We analyse the criteria for such an ontology and 
evaluate existing terminological systems according to these criteria. The analysis shows 
that none of the existing terminological systems completely satisfies all our criteria. We 
describe choices regarding design, content and representation of a new ontology on 
which an adequate terminological system is based. The proposed ontology is 
characterised by the meta-speciftcation of its concepts, terms and relations, the explicit 
and formal representation of the domain model, the vocabulary to define the concepts 
and the nomenclature to support the composition of new concepts. 

9.1 Introduction 

As a consequence of the ageing population and the continuous development of new 
medical technologies, there is an increasing volume and intensity of medical services. 
Due to limited resources, issues such as budgeting, quality assessment and 
benchmarking [1] are introduced to control costs and quality of care [2]. In intensive care 
medicine, where costs are high due to expensive technologies and highly specialised 
personnel, assessment and accountability are particularly important, and are carried out 
world wide [3-5], In the Netherlands, a foundation for National Intensive Care 
Evaluation (NICE) was established in 1996 [6]. The objective of NICE is quality 
assessment and quality improvement of intensive care units (ICUs) by comparing case 
mix adjusted outcome in various ICUs. Case mix adjusted outcome means the 
correction of expected outcome for variation in population characteristics (correction 
for age, diagnoses, severity of illness etc.). Initially, only the outcome measures 
mortality and length of stay (the latter used as a crude indication of cost) are considered 
in this quality assessment, because survival of critically ill patients is the primary 
concern in intensive care and the chosen outcome measures are objective to measure. At 
a later stage other outcome measures will be considered as well including quality of life 
and costs of care. The use of mortality as an outcome measure in quality assessment of 
intensive care is also found in the prognostic models, such as APACHE II, III [7, 8], 
SAPS II [9], MPM0/24II [10], to estimate case mix adjusted hospital mortality for 
intensive care patients. These models are mainly based on the measure of disturbance of 
physiological parameters in the first 24 hours of admission. The APACHE II and III 
systems are the only systems that also include the primary reason for intensive care 
admission to adjust for case mix differences. However, the diagnostic categories 
included in these models have not been empirically derived and are of varying levels of 
detail. We believe that the use of more structured diagnostic information will improve 
case mix adjustment and allow for more effective stratification. 
To date, classification and registration of diagnoses in intensive care is still 
unsatisfactory. In the Netherlands, as in many other countries, intensive care is not a 
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recognised speciality and it is not mandatory to record intensive care diagnoses for 
national registers. However, intensivists do record diagnoses in free text in the patient 
record during the care process. With the introduction of Patient Data Management 
Systems [11], a structured and systematic registration of diagnoses became essential. 
This allows for the evaluation of the patient's health problems over time and its relation 
with therapeutic actions and outcome. Diagnostic information in intensive care will only 
have sufficient quality and is therefore only usable for research studies when the 
registration of diagnoses is part of daily care [12, 13], for example when the recorded 
diagnostic information in the PDMS is used during shifts. 

This chapter describes the development of an ontology that facilitates a terminological 
system for intensive care diagnoses. A terminological system is a system that, based on 
a specification of concepts and their interrelationship, provides terms that denote these 
concepts. An ontology (formally) describes this specification of the concepts, 
relationships and functions in a domain of interest [14]. Hence the notion of ontology 
plays an important role in this study. Although in the literature "classification" is often 
commonly used for all types of terminological systems, we will be specific in 
terminology about terminological systems themselves. In this paper we use the 
terminology conform the description in chapter 7. 
The first step in the engineering process of an ontology that facilitates a terminological 
system for intensive care diagnoses consists of an analysis of the objectives and 
requirements for such an ontology, and the evaluation of existing terminological 
systems on the basis of these requirements (section 9.2 and 9.3). None of the existing 
terminological systems proved to completely satisfy the requirements. We therefore 
develop a new ontology according to the steps mentioned by Rossi Mori [15] and 
describe our choices concerning the design, the content and the representation of this 
ontology (section 9.4). The result is a formal specification existing of a meta-model, 
describing concepts, relationships between them and between concepts and terms in 
general, such as constraints on the number of terms a concept may have; a domain 
model describing concepts and their relationships in the IC-domain such as "Health 
problem" and "Aetiology"; the IC-domain, which is the filling in of the domain model 
formed by concepts such as "Viral hepatitis"; their definition in a vocabulary, e.g. viral 
hepatitis is an viral infection of the liver; and a nomenclature to support the composition 
of new concepts, e.g. viral hepatitis can be caused by the Epstein Barr virus, the 
cytomegalo virus or hepatitis viruses. 

9.2 Objectives and criteria for a terminological system to record ICU diagnoses 

9.2.1 Objectives 

To support the registration of diagnoses in intensive care in a structured and non-
ambiguous way, a terminological system for intensive care diagnoses is necessary. For 
our purposes it has to serve two main objectives: 
1. Provide a terminology to adequately describe the health status of a patient to support 

daily care practice; 

2. Provide a structure by which health problems of the patient population can be 
described for the purpose of analysis and evaluation of medical and nursing care. 
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To achieve the first objective, comprehensive terms are necessary to designate medical 
problems requiring monitoring and treatment and to improve the communication during 
shifts between doctors and nurses in and outside the ICU. 
To enable the use of diagnostic information for analysis and evaluation of care, which is 
the second objective, the structure of the terminological system should support 
aggregation on different levels of granularity. A terminological system with a 
compositional character (a so-called post-coordinated system) provides the possibility 
of composing new complex concepts by joining more basic concepts, e.g. infection + 
meninges + meningococcus. In a purely pre-coordinated classification each concept, no 
matter how complex, corresponds to a comprehensive term defined beforehand and has 
a single representational code, e.g. meningococcal meningitis. Pre-coordinated concepts 
are more comprehensible by readily available terms chosen by experts, compared to 
post-coordinated concepts in which syntax rules are necessary to guarantee sensible 
composites [16]. In a post-coordinated system, however, processing the information is 
better facilitated, for example the selection of terms may proceed faster because the 
structure provides different search entries by using the basic concepts, e.g. a meningitis 
caused by meningococcus can be reached by infection, meninges and meningococcus. 
Pre-coordinated terminological systems are usually harder to use for aggregation, only 
the hierarchy or structure in which the concepts are arranged can be used to aggregate 
diagnostic information. In case a pre-coordinated terminological system does have 
semantic relationships between concepts, aggregation and search are in principle made 
possible, but most pre-coordinated terminological systems do not represent these 
relationships, and, moreover, these cannot be generated dynamically. 

9.2.2 Description of criteria 

In many ICUs, the PDMS has been introduced to continuously collect and integrate 
various data from bedside devices, a hospital information system and manually entered 
data, and to present these in a clear format. To integrate the registration of diagnostic 
information into these systems, a terminological system for IC diagnoses should be 
incorporated in the information architecture of which the PDMS is a part (Figure 1.2). 
Most terminological systems include a structure which is based on hierarchical 
relations. Formally these structures respect the features of a semi-lattice in the sense that 
any two different concepts have a most specific ancestor that belongs to the hierarchy. 
This feature imposes constraints on the connectivity of the graph implied by the 
hierarchy. Next to this general feature many authors have attempted to identify the 
essential conceptual features of an ideal terminological system. The criteria for an ideal 
terminological system mentioned by Cimino et al [17] and Campbell et al [18] have been 
formalised in chapter 8. Below, we describe these criteria, related to the two objectives 
(daily care practice and research) of the terminological system for intensive care 
diagnoses. 
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The terminological system must support the intensivists in describing the diagnoses of 
patients in a structured way. For daily clinical use, the demand for domain 
completeness of the terminological system is probably the most important; the user 
must be able to classify a health problem in its full detail, such as "acute anterior 
myocardial infarction". Attributes can be used to add extra detail, like the attribute 
value "anterior" could qualify the anatomical concept "myocard". In this study we use 
domain completeness as the theoretical completeness of the domain, i.e. whether the 
domain can be extended in breadth (number of direct subordinates or children of a 
concept) as well as depth (number of levels in the hierarchy). We hence do not examine 
whether a term is really present in the terminology but rather if it could be in principle 
incorporated in it. 

Synonyms (in more than one language) are highly desirable, as individual users will 
have their own preferred terms to search for concepts in the domain. Non-vagueness 
and non-ambiguity guarantee respectively that a term refers to a specific object in the 
domain and that the meaning of a term is unique. For browsing the concept hierarchy, 
multiple classification is needed, in order to allow the user to choose their own path to 
find the desired concept. Non-redundancy should prevent the user from finding 
different concepts for the same clinical object when following different paths. 
As described in section 9.2.1, post-coordinated classifications support the aggregation 
of concepts in a natural way. Syntax rules should guarantee clinical sensibility of 
composed concepts. Multiple classification and explicit relationships are also important 
structure features to make aggregation for research available in a natural way. 
The next criterion is the use of context free codes. Context free codes have to be used 
so that the code itself does not hint at the concept it represents. The use of significant 
(context related) codes restricts the extendibility of the terminological system. When 
clinical insights evolve, the structure should not restrict the extension or changes in the 
ontology. 
Since admission to the ICU is not an isolated event, information such as reason for ICU 
admission and complications during ICU admission, has to be available during the rest 
of the hospital admission. Because diagnostic information of the total hospital 
admission is usually recorded in a hospital information system using ICD-codes, 
mapping of ICU diagnostic information to ICD-9-CM or ICD-10 is desirable. 
Chapter 8 extensively describes the evaluation of existing terminological systems with 
respect to the above described criteria. Since none of the evaluated terminological 
systems completely satisfied all criteria (see chapter 8), we developed a new 
terminological system that incorporates the strengths of the existing terminological 
systems. We formally describe this new terminological system in an attempt to 
overcome the limitations of the informal descriptions in the literature of existing 
terminological systems. 
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9.3 Design choices 

In this section we clarify the representation formalism used and the design choices 
made for an ontology which is part of a new terminological system for intensive care 
diagnoses. Choices are based on the criteria, and the analysis of the features of the 
existing terminological systems, described in chapter 8. 

9.3.1 Representation formalism 

A good conceptualisation of a domain is a description which captures with fidelity the 
underlying concepts in that domain and the relationships between them. We require a 
representation formalism of our model which (1) is intuitive and conceptual - i.e. it 
lends itself for human comprehension and communication, (2) has adequate expressive 
power, and (3) has a formal basis to avoid ambiguity. The Entity-Relationship (ER) 
formalism and its extended form (EER), which are widely used instruments in the 
database community, satisfy most of these criteria [19]. ER is an attractive conceptual 
model that is capable of expressing concepts (entity types), attributes, relationships and 
constraints (e.g. cardinality constraints on relationships). However, the ER formalism 
may not always be suitable for expressing complex constraints. Hence, a more 
expressive formal instrument is needed to provide the semantics of the ER model and to 
complement it in order to capture complex constraints. This formal specification 
formalism is chosen to be many-sorted first order predicate logic (FOL hereafter for 
brevity) due to its universality, expressive power and its proven usefulness in 
representing clinical data [20]. There are, of course, many other formalisms which could 
have been selected. For example, one could have used the popular object oriented ( 0 0 ) 
modelling notations such as OMT [21] or UML [22] instead of ER. Note, however, that 
the OO approaches provide more notational machinery, such as for the functional and 
dynamic aspects, than is strictly necessary for our purpose here. Similarly, one can 
consider conceptual graphs [23] or KIF structures in Ontolingua [24] as good alternatives 
to pure FOL. FOL is however more familiar by various research communities. 

9.3.2 Concepts and terms 

Synonymy, as well as non-redundancy and multi-lingual support can be achieved by 
means of separating concepts from their terms, that provide their names. This is shown 
in the ER diagram in Figure 9.1. The diagram indicates that a term may denote more 
than one concept and that a concept is described by terms. We would also like to 
express the fact that a term can be preferred for only one concept in a language and that 
each concept has one preferred term and zero or more synonymous terms per language. 
This sharpened description of the situation is shown in the lower part of Figure 9.1 by 
using FOL. Note that this is a meta-model of the domain where a 'model concept' in 
Figure 9.1 represents any concept in the domain model, such as "Health problems" and 
"Aetiology", which are described in section 9.4.1. 
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Description c Model_Concepts x Model_Terms x Languages 

Synonym_type: Description —> {preferred, synonym) 

VcVl (Model_Concepts(c) A Language (1) -> (3!t Term(t) A Description(c,l,t) A Synonym_type((c,l,t))=preferred» 

Sly means that exactly one "y " exists. For eveiy language there is exactly one preferred term per concept. 

Vcl,c2VlVt ((Model_Concepts(cl) A Model_Concepts(c2) A Language (1) A Term(t) A Description^ l,l,t) A 

Synonym__type((c 1 ,l,t))=preferred) -> ^(Description(c2,l,t) A Synonym_type((c2,l,t))=preferred A c2*cl)) 

For each language a term can be preferred for just one concept, different concepts cannot have the same preferred 

term. 

Figure 9.1 ER and FOL description of relationship between model concepts and terms (meta-model). 

9.3.3 Pre-coordination versus post-coordination 

As described in section 9.2.1 two fundamentally different ways are distinguished for the 
structuring of a terminological system: pre-coordination and post-coordination. 
Pre-coordination is characterised by (a) sensible, non-ambiguous and non-vague terms 
with single representational codes; (b) terms which are useful in daily practice; (c) 
limited power of expression; (d) combinatorial explosion of terms in attempting to 
cover a domain. Post-coordination is characterised by (a) composing complex concepts 
by combining more basic ones; (b) syntax rules to control compositions; (c) great power 
of expression; (d) compactness of representation. 
Terms used in pre-coordinated classifications can be more natural and useful compared 
to composed terms, e.g. "Meningococcal meningitis" is more comprehensible than the 
composition of the health problem "Infection" located in "meningen" caused by 
"Meningococcus". The power of expression is closely related to domain completeness. 
As trying to define all possible concepts (pre-coordination) will lead to combinatorial 
explosion with respect to the number of concepts, the classification should enable users 
to compose their own concepts (post-coordination) which makes compact classification 
possible. A set of syntax rules is necessary to prevent the composition of clinically 
nonsensical concepts. To strike a balance in expressiveness and compactness, a 
combination of pre-coordination and post-coordination can be sought in which a 
collection of selected pre-coordinated terms can be extended, turning it into a post-
coordinated terminological system. A mechanism to check whether "new" composed 
concepts already exist as a pre-coordinated concept is essential to control consistency 
within the system e.g. during the maintenance of the system. In post-coordinated 
systems a concept can be extended with detail by adding associated concepts or 
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attributes to make a new composition. Whether a concept should be defined as a basic 
concept or as a composed concept is somewhat arbitrary. We have chosen to define 
health problem concepts at least at a level of clinical relevance for intcnsivists and IC-
nurses or we mark a selected set of health problems, that themselves are not sensible, 
for compulsory extension to result in clinically relevant concepts. For example 
"meningitis" is a clinically sensible health problem concept although in most cases 
extra information about the causing micro-organism is available. However, the concept 
"fracture" without an anatomical location is not sensible as a health problem (it is a 
sensible dysfunction concept) because one does not know how to clinically interpret 
this health problem. This concept must be composed with at least an anatomical 
component such as "femur fracture", which is a clinically sensible health problem. The 
fact whether it is an "open" or "closed" fracture can then be further defined by making 
a new composite concept with an attribute value "open" or "closed". 

9.3.4 Concept codes 

In a terminological system in which new concepts can be composed, a unique code, 
which will be recorded in the PDMS, has to be generated automatically. This code, 
though context-free, cannot be chosen at random: if the terminological system is used at 
a number of independent sites, the same composed concept should generate the same 
code in order to facilitate inter-changeability of information between the sites. To solve 
this problem, composed concepts get composed codes based on the unique codes of the 
basic concepts which are context-free. Although we are aware that this code 
construction may conflict with the context-free criterion in the sense that changes in the 
model can lead to invalid codes, the code itself will never be used to interpret the 
meaning of the concept. Instead the nomenclature, which will be described in section 
9.4.2, will always be used to provide the underlying codes. In case all sites are 
connected to a shared terminology server each composed concept can get a random 
code which will be stored by the server. 

9.3.5 Choices related to the content of the domain model and IC-model 

In section 9.3.1 we described the formalism of our choice for representing the ontology. 
The next step is to decide on the content of the ontology, i.e. which concepts, 
relationships and restrictions are to be represented in the domain model which can be 
used to describe intensive care diagnoses, which we call health problems in the rest of 
this paper. 
The divisions and semantic categories (concepts at higher level of aggregation) used in 
the existing terminological systems are mostly based on "anatomy or topography", 
"pathophysiology" and "aetiology or morphology". The domain model of the new 
ontology will be conformed as much as possible to those concepts generally accepted. 
Because of the similar domain, especially the divisions used in the ICNARC coding 
method are used as a basis for our domain model. 

The choices of the concepts in the domain model, e.g. "anatomical components", and 
their instances in the IC-model, e.g. "heart", are refined and appended by discussing 
these with the domain experts. This discussion was meant to ascertain the concepts, 
relations and features the domain experts use to select and retrieve diagnoses or 
diagnostic categories. The acquisition of the IC-model follows the specifications and 
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restrictions in the domain model. Besides the concept "health problem", we have 
chosen four other concepts at high level of aggregation in the domain model: 
"Systems" contains the body systems involved in the health problems. To support the 
translation of clinical concepts into ICD-10 concepts, we use those chapters of ICD-10 
which are concerned with body systems, such as chapter 10 "Diseases of the respiratory 
system". This division is also comparable with the second hierarchical level used in the 
ICNARC Coding Method. In Table 9.1 the relationship between ICD-10 chapters and 
our chosen concepts is shown. 

"Anatomical components" contains all anatomical components associated with health 
problems. We used the Anatomical Localisation Classification from the Handbook 
Standardisation of Classification and Definitions in Health Care of the Dutch 
Classification and Terminology Committee for Health [25] as basis for this category. 
"Dysfunctions or abnormalities" contains organ failures, traumas and processes such 
as infections and haemorrhages. We mainly used the third hierarchical level, "process", 
of the ICNARC Coding Method and a small number of concepts from the UMLS. 
"Aetiology" contains causes of health problems. It contains causes like micro
organisms causing infections, toxical substances causing intoxication and causes of 
trauma. 

Health problems caused by other health problems, like "respiratory failure caused by 
meningitis" have a different kind of causality relationship than aetiology. This type of 
relationship is situated in a grey area because of the question whether it is part of the 
terminological system proper (as a concept) or whether it is part of the registration 
where two different concepts are recorded along with the relationship between them. 
The chosen concept at high level of aggregation in the domain model and the concepts 
in the IC-domain model serve three purposes: 

1. support the user to select the precise diagnosis for individual patients by providing 
different search-entries to reach a diagnosis. For example "hepatitis" can be reached 
by the anatomical component "liver" or the dysfunction/abnormality "infection"; 

2. facilitate evaluation research by supporting aggregation of diagnostic categories on 
the basis of (combinations of) associated concepts; 

3. support the maintenance of the classification when new health problems are to be 
added, changed or declared obsolete. For example the terminological system creates 
a warning and asks for confirmation when a concept is added while there already 
exists a concept with the same characteristics. 
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Table 9.1 Relationship between /CD-10 chapters and concepts in our IC-dotnain model. 

Chapters ICD-10 

Infectious and Parasitic Diseases 

Neoplasms 

Endocrine. Nutritional and 

Metabolic Diseases 

Diseases of the Blood and 

Blood-forming Organs 

Mental Disorders 

Diseases of the Nervous System 

Diseases of the eye and adnexa 

Diseases of the ear and mastoid 

process 

Diseases of Circulatory System 

Diseases of Respiratory System 

Diseases of Digestive System 

Diseases of Genitourinary 

System 

Conditions of Pregnancy, 

Childbirth and the Puerperium 

Diseases of Skin and 

Subcutaneous Tissue 

Diseases of Musculoskeletal 

System and Connective Tissue 

Congenital anomalies 

Certain Conditions Originating 

in the Perinatal Period 

Symptoms, Signs, and Ill-

Defined Conditions 

Injury and Poisoning 

Classification of Factors 

Influencing Health Status and 

Contact With Health Services 

Classification of External 

Causes of Injury and Poisoning 

Systems 

Endocrine system 

Metabolic system 

Blood and blood-

forming organs 

Nervous system 

Circulatory system 

Respiratory system 

Digestive system 

Urogenital system 

Skin and sub

cutaneous system 

Musculoskeletal 

system 

N/A 

N/A 

Anatomical 

components 

Eye 

Ear 

N/A 

N/A 

Dysfunctions / 

abnormalities 

Infection 

Tumor/malignancy 

Hyperplasia 

Psychiatric disorders 

Pregnancy related 

Congenital deformity 

N/A 

Dysfunctions 

Trauma, Intoxication, 

Envenomation 

N/A 

Aetiology 

Micro-organisms 

N/A 

N/A 

Accident, 

Toxical 

substance 
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9.3.6 Composition of terms and concepts 
The vocabulary and nomenclature, part of our terminological system, are (partially) 
specified by formal statements and constraints that describe the health problems and 
that support the composition of new concepts in a way which guarantees that the 
concepts are clinically sensible. It is possible to specify attribute values and compose 
new concepts on the basis of the relationships and their specifications defined in the 
vocabulary and nomenclature, giving the terminological system a post-coordinated 
character. The formal statements and constraints in the vocabulary and nomenclature 
support the maintenance of the terminological system by providing a basis for checking 
whether concepts with the same characteristics can potentially be equivalent. The 
(formal) statements can also support (semi)-automated classification, because new 
composed concepts are always subordinate concepts generically related to (at least) one 
parent which is already present in the nomenclature. 
The relationships between the concepts belonging to the class "Health problems" and 
the associated concepts classes "Systems", "Anatomical components", "Dysfunctions/ 
abnormalities" and "Aetiology" can be described by two kinds of specifications. Many 
of the relationships have the specification "define" which means that the health problem 
concept is (at least partly) defined by an associated concept e.g. the anatomical 
component "liver" is part of the definition of hepatitis. These relationships form the 
vocabulary. The second kind of specification of a relationship is the "refine" 
specification which means that extra detail in some given category can or should be 
added to further specialise a clinical concept, e.g. possible micro-organisms can be 
specified for the category "Aetiology" as the cause of a health problem. These 
relationships form the nomenclature. The way "define" and "refine" specifications in 
the vocabulary and nomenclature are used, is described in the following section. 

9.4 Description of the ontology 
The architecture of our ontology is inspired by [26] and consists of six components 
(Figure 9.2): (1) the meta-model and (2) the domain model represented by an ER 
diagram, (3) their formal specification including complementary information described 
in first order logic, (4) the IC-domain which is formed by the specialisation of the 
domain model, (5) the vocabulary for a (partial) definition of health problems and (6) 
the nomenclature for the specification of the allowed terminology compositions. 

Nomenclature Vocabulary 

Meta-model (Figure 9.1) 
e.g. "Concept" 

Domain model (Figure 9.3) 
e.g. "Health problem" 

IC domain model 

e.g. "meningococcal meningitis" 

Formal 

specification in 

FOL 

Figure 9.2 Six components of the ontology for intensive care diagnoses. 
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9.4.1 The domain model and its formal description 

At the heart of the domain model (see Figure 9.3) is the semantic category "Health 
problems", representing diagnoses in the broad sense of the word. Each health problem 
may be related to specialised kinds of the health problem, like "Hepatitis B" is a 
specialisation of "Viral hepatitis" or to subpart health problems e.g. "Tetralogy of 
Fallot" consists of the health problems "Ventricular septal defect", "Pulmonic valve 
stenosis", "Infundibular stenosis", and "Dextroposition of the aorta". Two different 
subclasses of health problems can be distinguished: "Direct Health problems" and 
"SP_Health problems"(monitoring and care after an Surgical Procedure). The semantic 
category "Direct Health problems" is associated with the four semantic categories 
discussed earlier: "Systems", "Anatomical components", "Dysfunctions or 
abnormalities", "Aetiology". With the exception of "Systems", all semantic categories 
are top nodes of sub-classifications, in which different levels of detail can be found (this 
is not shown in Figure 9.3 for brevity). This supports the user in selecting and retrieving 
diagnoses from different views and different levels of detail. 
In ICUs, a large group of patients are to be monitored after an extensive operative 
procedure. For this reason the semantic categories "SP_Health problem" and "Surgical 
procedures" are parts of the conceptual model. This is an example where the domain 
(intensive care) affects the choice of the concepts. The semantic category "Surgical 
procedures" is linked to the semantic categories "Systems", "Anatomical components", 
"Dysfunctions or abnormalities". If a patient arrives for care after an surgical 
procedure, it is the procedure and not the health problem which is related to the 
associated semantic categories. For example, a patient arriving at intensive care after a 
Coronary Artery Bypass Graft (CABG), the health problem "monitoring after CABG" 
is only linked to the surgical procedure "CABG" which is related to the "cardiovascular 
system", the anatomical component "coronary arteries" and to the dysfunction 
"obstruction". 
Currently we restrict the number of concepts in the domain model to the five ones 
mentioned above, but in the future an extension of concepts, which is one of the 
principles for the design of an ontology [14], is possible. This is contingent on the use of 
the ontology in daily practice. 
Recall that there is a relationship between every concept and its associated terms. Each 
concept is described by one or more terms, preferred or synonymous, originating from 
different languages. This relationship is not shown in Figure 9.3 since it is already 
specified as a shortcut in the meta-model appearing in Figure 9.1. The formal 
specification in FOL includes additional information that does not appear in the ER 
model. For example constraints concerning the description of specialised health 
problems are formally described in FOL. Asymmetry for example is described in FOL 
by (Vhl,h2e Heal*problem Specialised_prob!em(h 1 ,h2) —> -.Specialised_problem(h2,hl)) 
which means that when a health problem " h i " is a specialised health problem of the 
health problem "h2", this health problem "h2" cannot be a specialised health problem 
of health problem "hi". This constraint, among others, is to be inforced by the 
acquisition tool of the concepts in the first place but can not be easily described in the 
ER model. 
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Specialized problem 
Health Problems 

Subproblem 

Direct 

Health Problems 

Surgical procedure 

Health Problems 

Procedure 

related 

Surgical 

procedures 

Systems 

Subpart 

Aetiology 

Notation 

A ~ ^ B 

A ^ B 

Alternative notation Meaning 

A is exactly one B 

A belongs to I B in R 
B belongs to zero or many A in R 
A belongs to zero or many B in R 
B belongs to one or many A in R 
A belongs to one B in R 
B belongs to one A in R 

Figure 9.3 The (simplified) conceptual model of the domain model. Note that, for brevity-, attributes are 

not showed. We used the notations in [27] where numbers indicate cardinality constraints. 

Note the convention of placing the numbers at the edge of the diamonds denoting 

relationships, instead of at the edge of the arrows. 
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9.4.2 The vocabulary and nomenclature 

The last components of our model are the vocabulary and nomenclature which define 
the concepts and support the composition of new concepts. In Table 9.2 a simplified part 
of the vocabulary and nomenclature is presented. In this example "Direct Health 
problems" and their related concepts of the four associated semantic categories and the 
relationship with "Specialised_problem" are presented. "SP_Health problems" are not 
presented for brevity. Although we here represent the definition of "Viral hepatitis" in a 
table, it can be formalised in FOL by: 
VH(x): HP(x) AAnatomy(x, liver) A Dysfunction(x, infection) A 3V6virus Aetiology(x,v). 

Table 9.2 (Simplified) Part of the vocabulary and nomenclature. 

Direct Health 

problem 

Viral hepatitis 

Hepatitis B 

Systems 

Def(Digestive system) 

Def(Digestive system) 

Anatomical 

components 

Def(Liver) 

Def(Liver) 

Dysfunctions/ 

Abnormalities 

Def(Infection) 

Def(Infection) 

Aetiology 

ORspecialisation 

(Hepatitis viruses, 

Epstein-Barr virus, 

Cytomegalo virus) 

Def(Hepatitis B virus) 

Specialised_ 

problem 

Hepatitis A 

Hepatitis B 

• Def (X): X is an intrinsic characteristic of the direct health problem 

• OR_specialisation(X): a new concept, based on the concept mentioned between brackets, can be 

composed using X or one or more of X's subordinates 

• XOR_specialisation(X): a new concept, based on the concept mentioned between brackets, can be 

composed using X or exactly one of X's subordinates 

• DOR_specialisation(X): X is an intrinsic characteristic of a concept, a new concept can be composed 

using one or more of X's subordinates 

• DXOR_specialisation(X): X is an intrinsic characteristic of a concept, a new concept can be 

composed using exactly one of X's subordinates 

The first row of Table 9.2 shows that the concept "Viral hepatitis" of the concept 
"Direct Health problem" is defined by "Digestive system", "Liver" and "Infection". 
This implies that it is not useful to combine the term "Viral hepatitis" with "Liver", 
since "Liver" is already part of the definition. Furthermore a refine-specification, 
"OR_specialisation", exists between "Viral hepatitis" and several viruses mentioned in 
the semantic category "Aetiology". As indicated in the legend below Table 9.2, 
"OR_specialisation" prescribes that the concepts mentioned under "Aetiology" or one 
or more of their subordinated concepts can be chosen to further refine the concept 
"Viral hepatitis", e.g. theoretically a health problem can be composed with two causing 
micro-organisms "Viral hepatitis caused by Cytomegalo virus and Epstein-Barr virus". 
The concept "Hepatitis viruses" under "Aetiology", is related to subordinated concepts, 
e.g. hepatitis A virus, hepatitis B virus etc. (Note: although the specification is called 
"OR_specialisation", because it allows one or more concepts to be considered, the 
result is a conjunction of the concepts chosen and not a disjunction). 
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"XOR_specialisation" is used to indicate that only one of the concepts or one of their 
subordinated concepts may be used to refine the health problem, e.g. "Viral hepatitis 
caused by Epstein-Barr virus". If we would indicate DOR_specialisation(Hepatitis 
viruses), an OR_specialisation with a defining component, we restrict the refinement of 
"Viral hepatitis" to one or more of the subordinated concepts of "Hepatitis viruses" (the 
concept "Hepatitis viruses" by itself may not be used as it is a defining property). In 
accordance to the semantics of "XOR_specialisation", DXOR(Hepatitis viruses) 
restricts the refinement to only one of the subordinated concepts of "Hepatitis viruses". 
The concepts "Hepatitis A", "Hepatitis B" under "Specialised_problem" in the first row 
indicates that these are specialised concepts of "Viral hepatitis". The second row in 
Table 9.2 is the representation of "Hepatitis B". All associated concepts of "Hepatitis B" 
define this health problem. 
In some cases we decided to include complex composed health problems as distinct 
concepts in the vocabulary and nomenclature although they could also be composed 
from a health problem on a higher aggregation level (like "Hepatitis B" can be 
composed from "Viral hepatitis" in Table 9.2). The decision to do this is based on the 
prevalence of the health problem in the intensive care population or on the fact whether 
intensivists use different terms for the complex composed health problem than can be 
derived from the composition of the terms describing the composed concepts. Rules 
will be defined to guarantee similar codes for the same concept, no matter if it is 
composed or not (section 9.3.4). The knowledge engineer is responsible for this 
process. 
Changes in the vocabulary and nomenclature are not expected to occur frequently but 
they may occur due to either new medical insights or to modelling decisions of the 
designer especially during the phase of setting up the vocabulary and nomenclature. 
Changes in the vocabulary and nomenclature are local in nature. A typical change in a 
concept usually implies looking at its immediate parents and immediate children and 
performing simple checks on them resulting in the modification of their entries in the 
vocabulary and nomenclature. In this way a change in a concept (such as its move 
within the hierarchy) does not have to propagate beyond its direct parents and children. 
This is because of the way concepts are defined in the vocabulary and the modularity of 
the model which helps to control the effects of changes. 

9.4.3 Implementation 
The ontology is implemented in a Java application. We have chosen to develop the 
software in Java because of its platform independence. This is an important feature 
because ICUs use various Patient Data Management Systems running on different 
platforms. In the future the terminological system has to be incorporated into these 
PDMSs. At this moment approximately 1000 health problems are defined. All health 
problems and their relationships are defined with the help of domain experts. In a pilot 
study, described in chapter 10, two intensivists have evaluated the health problems and 
their relationships to the associated concepts defined in the vocabulary and 
nomenclature for the use of selecting and aggregating diagnoses. 
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9.5 Summary and Discussion 

In this section we summarise the objectives of our study, the analysis of the 
requirements of a terminological system for intensive care diagnoses as described in 
section 9.2.2 and chapter 8 and the design of a new ontology that facilitates such a 
terminological system. Finally, we provide some critical observations about existing 
terminological systems and about our design choices. 
Information about the patient's health status and the actual medical problems play an 
important role in stratifying the patient population for quality assurance of intensive 
care. To date no systematic registration of diagnoses, health status and medical 
problems has been used in daily practice in intensive care, mainly due to the lack of 
appropriate terminological systems. A terminological system which supports the 
description of the patient's health problems as part of daily care practice and which 
supports the aggregation of diagnostic information, is essential. These two objectives 
resulted in the prioritisation of criteria for terminological systems which were defined 
by Cimino et al. and Campbell et al. Because none of the evaluated terminological 
systems completely satisfied all our objectives we decided to design a new 
terminological system using the strengths of the evaluated systems. 
We have engineered an ontology for intensive care diagnoses, but the engineering 
approach and the general ideas are applicable to a broader spectrum of medical 
domains. We used ER representation techniques to design the meta-model and domain 
model of this ontology. Because the ER modelling technique is not appropriate to 
describe all information about the domain we also described the requirements formally 
in FOL, which is more expressive. However, other equally conceptual and expressive 
formalisms, such as UML and OMT (for conceptual modelling) and conceptual graphs 
and Ontolingua (for the formal aspects), could have been used as well. Whatever 
specific notations are used, the combination of conceptual and formal specifications 
provides important advantages. The great majority of current terminological systems 
miss formal specifications. A challenging research issue is the automatic reasoning with 
(part of) these specification for example as attempted in ontology based knowledge 
acquisition approaches such as in GAMES [28] and PROTEGE [29], 
In the domain model, concepts at high level of aggregation, which we believe are useful 
in describing health problems in the intensive care population, were derived from 
existing terminological systems. Although the UMLS contains numerous concepts 
(called semantic types in UMLS), only a very limited number of these concepts were 
useful for our purposes. 
There are some similarities between our ontology and the designs of existing 
terminological systems. The evaluation of terminological systems according to 
formalised criteria as described in chapter 8 supported us in our design choices. 
We used the ICM levels in our domain model since ICM is the only terminological 
system intended for IC diagnoses. 
There is a similarity between our model and SNOMED. Since we believe not all health 
problems can be defined intensionally and since clinical relevance and non-redundancy 
are important requirements, we did not follow the post-coordination and compositional 
terms used in SNOMED because they lack syntax rules. However, there is now some 
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research to incorporate semantic information to SNOMED, called SNOMED RT, using 
conceptual graphs in order to constrain the post-coordination [30,31]. 
The NHS Clinical Terms and our model also show some similarities. The main 
difference lies in the structure: NHS Clinical Terms uses a strictly hierarchical list of 
concepts which can be modified by attributes in a controlled way, whereas we use a 
conceptual model which includes explicit semantic relationships with explicit 
constraints. The attributes in NHS Clinical Terms are not consequently used for all 
concepts in the domain, which restricts the use of these attributes for aggregation, e.g. 
although the attribute "site" exists, not every concept related to a site is actually linked 
with a site. Furthermore, formal specifications, which could control consistency 
between combinations of attributes of a concept, are lacking. 

We are conscious of similarity with the GALEN project [32-34] which is an ambitious 
project aiming at a formal description of the total medical domain. The fact that 
GALEN is very expressive, implies that a great effort should go into the syntax rules to 
guarantee sensible composed concepts. We chose for another balance in expressiveness 
and compactness also because we are tackling a specific medical domain i.e. intensive 
care. In our ontology, domain knowledge is presented in a domain model and 
composition and definition rules are included in a nomenclature and vocabulary. The 
CEN prestandard ENV 1828 [16] also includes composition rules but these are informal 
and concentrates only on surgical procedures. The existence of our "refine"-
specification on relationships, and the explicit constraints on the relationships between 
concepts give more expressiveness than in pre-coordinated terminological systems such 
as ICD-10 but take far less effort in sensibility checks than used in GALEN. We think 
there are also some practical disadvantages to the use of GALEN in our set up like the 
extensive training course necessary before the GALEN software can be used and before 
a part of the CORE model can be implemented and extended. Furthermore we require 
total control over the software by which the ontology and terminological system are 
developed and this could not be realised with the GALEN software at the time of 
development. However, because of the opportunities described by the GALEN project 
we intend to co-operate with the GALEN organisation and perform an assessment of 
the CORE model and the GALEN software to get better insight into the strengths and 
weaknesses of both GALEN and our methods. 

Currently the ontology which is implemented in a Java application is filled with 
approximately 1000 health problems. We will incorporate it in the Patient Data 
Management Systems. The next chapter describes a test-phase in which the 
terminological system has been evaluated. After sufficient testing and adaptation of the 
IC-domain it could be implemented into daily care practice. Once this terminological 
system has been integrated into the daily care practice and into the existing PDMSs, a 
better insight into the patient population will be possible. This information is essential 
in the quality assurance and improvement of intensive care. 

Acknowledgements 
We would like to thank the intensivists Evert de Jonge and Rob Bosman for their co
operation and valuable assistance in developing the conceptual model of the intensive 
care diagnostic domain and the preliminary evaluation of the prototype. Thanks are also 
due to Peter Lucas for providing helpful remarks on an earlier draft of this manuscript. 

128 



Analysis and design of a terminological system for intensive care diagnoses 

References 
1. Keenan S, Doig G, Martin C, Inman K. WJ S. Assessing the efficiency of the admission 

process to a critical care unit: does the literature allow the use of benchmarking. Intens 
Care Med 1997;23:574-580. 

2. Relman A. Assessment and accountability. The third revolution in medical care. N Eng J 
Med 1988;319:1220-1222. 

3. ICNARC. The ICNARC Coding Method. ICNARC Case Mix Programme Dataset 
Specifications. London: 1995:5.0-5.5. 

4. Nelson L. Data, data everywhere (editorial comment). Crit Care Med 1997;25(8): 1265. 
5. Apolone G, Bertolini G, DAmico R, et al. The performance of the SAPS II on a cohort of 

patients amitted to 99 Italian ICUs: results from GiViTi. Gruppo Italiano per la 
Valutazione degli interventi in Terapia Intensiva. Int Care Med 1996;22(12):1368-1378. 

6. de Keizer N, Timmers T, Stoutenbeek C. NICE: on the road to a national system for 
quality assurance in intensive care (in Dutch). In: Stevens C, de Moor G, eds. MIC. 
Brussel, 1996:187-194. 

7. Knaus W, Draper E, Wagner D, Zimmerman J. APACHE II: A severity of disease 
classification. Crit Care Med 1985; 10:818-829. 

8. Knaus W, Wagner D, Draper E, Zimmerman J, Bergner M, Bastos P. The APACHE III 
Prognostic System. Risk prediction of hospital mortality for critically ill hospitalized 
adults. Chest 1991;100:1619-1636. 

9. Le Gall J, Lemeshow S, Saulnier F. A new simplified acute physiology score (SAPS II) 
based in a European/North American multicenter study. JAMA 1993;24:2957-2963. 

10. Lemeshow S, Teres D, Klar J, Avrunin J, Gehlbach S, Rapoport J. Mortality Probability 
Models (MPM II) based on an international cohort of intensive care unit patients. JAMA 
1993;20:2478-2486. 

11. Milholland D. Information systems in critical care: a measure of their effectiveness. In: 
Greenes R, Peterson H, Protti D, eds. Medinfo. Healthcare Computing & Communication. 
Canada, 1995:1068-1070. 

12. Grobe J. Editorial comments: Informatics: The infrastructure for quality assessment and 
quality improvement. J Am Med Inform Assoc 1995;2:267-268. 

13. Zielstorff R. Capturing and using clinical outcome data: implications for information 
systems design. J Am Med Inform Assoc 1995;2:191-196. 

14. Gruber T. Towards principles for the design of ontologies used for knowledge sharing. 
International Journal of Human-Computer Studies 1995;43:907-928. 

15. Rossi Mori A, Consorti F, Galeazzi E. Standarts to support development of terminological 
systems for healthcare telematics. Meth Inform Med 1998;37:551-563. 

16. European prestandard. Medical informatics - Structure for classification and coding of 
surgical procedures. Brussel: CEN, 1995. 

17. Cimino J, Clayton P, Hripcsak G, Johnson S. Knowledge-based approaches to the 
maintenance of a large controlled medical terminology. J Am Med Inform Assoc 
1994;1:35-50. 

18. Campbell J, Carpenter P, Sneiderman C, et al. Phase II evaluation of clinical coding 
schemes: completeness, definitions and clarity. J Am Med Inform Assoc 1997;4:238-251. 

19. Chen P. The Entity-Relationship model; toward a unified view of data. ACM Trans on 
Database Systems, 1966. vol 1:1. 

129 



Chapter 9 

20. Campbell K. Das A, Musen M. A logical foundation for representation of clinical data. J 
Am Med Inform Assoc 1994; 1:218-232. 

21. Rumbaugh J, et al. Object-Oriented Modeling and Design. Prentice-Hall, 1991. 
22. Booch G, Rumbaugh J, Jacobson 1. Unified Modeling Language User Guide. Addison-

Wesley, 1998. 
23. Sowa J. Conceptual structures. Addison-Wesley. 1984. Reading M, ed. 
24. GruberT. A translation approach to portable ontology specifications. Knowledge 

Acquisition 1993;5:199-220. 
25. Dutch Classification and Terminology Committee for Health. Handbook Standardisation 

of Classification and Definitions in Health Care. Zoetermeer: WCC, 1990. 
26. Abu-Hanna A, Jansweijer W. Modeling application domain knowledge using explicit 

conceptualization. IEEE-Expert 1994. 
27. Wieringa R. Requirements engineering. Framework for understanding. John Wiley & 

Sons, 1996. 
28. Heijst G, Falasconi S, Abu-Hanna A, Schreiber A, Stefanelli M. A case study in ontology 

library construction. Art Intell in Med 1995;7:227-255. 
29. Tu S, Eriksson H, Gennari J, Shahar Y, Musen M. Ontology-based configuration of 

problem-solving methods and generation of knowledge acquisition tools: the application of 
PROTEGE-I1 to protocol-based desicion support. Art Intell in Med 1995;7:257-290. 

30. Campbell K, Musen M. Representation of Clinical Data Using SNOMED III and 
conceptual graphs. In: ME F, ed. SCAMC: Mc-Graw-Hill, 1992:354-358. 

31. Rothwell D, Coté R. Managing Information with SNOMED: Understanding the model. 
SCAMC, 1996:80-83. 

32. Rector A, Solomon W, Nowlan W, Rush T, Zanstra P, Claassen W. A Terminology Server 
for medical language and medical information systems. Meth Inform Med 1995;34:147-
157. 

33. Rector A, Glowinski A, Nowlan W, Rossi-Mori A. Medical-concept models and medical 
records: an approach based on GALEN and PEN&PAD. J Am Med Inform Assoc 
1995;2:19-35. 

34. Rector A, Bechhofer S, Goble C, Horrocks I, Nowlan W, Solomon W. The Grail concept 
modelling language for medical terminology. Artif Intell 1997;9:139-171. 

130 



C/hapter 10 

Evaluation of DICE, 
a terminological system 

in Intensive Care 

N.F. de Keizer, R. Cornet, A. Abu-Hanna 

131 



132 
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Abstract 
Evaluative research and the introduction of the Patient Data Management System increased 
the need for structured and standardized registration of diagnostic information in Dutch 
intensive cares (IC). Therefore a terminological system to describe diagnoses is needed. 
During the last two years DICE (Diagnoses for Intensive Care Evaluation), an application 
which includes knowledge about the IC diagnoses domain, such as the anatomical 
localization, the dysfunction or pathology and the etiology, has been developed. This chapter 
describes the evaluation of DICE and its functionality by its two types of users: the 
knowledge modeller responsible for the implementation and maintenance of the knowledge 
and terms in intensive care, and the intensivists who want to find and assign diagnoses for 
patient(group)s. 

DICE was evaluated on the basis of 126 diagnoses collected during a four-week period in 
ICUs of a university hospital and a teaching hospital. Although the knowledge modeller as 
well as the intensivists judged DICE positively, there were some points for improvement. The 
knowledge modeller observed a problem in modelling dependencies between qualifiers of a 
concept and the two intensivists observed some gaps in the knowledge base and were critical 
about the current interface to compose plural operative procedures. 

10.1 Introduction 
During the last decades, several initiatives of health care professionals focussed on quality 
assurance and cost control of care delivered. One example of these initiatives is NICE 
(National Intensive Care Evaluation) (see chapter 3). The objective of NICE is quality 
assessment and quality improvement of Dutch intensive care units (ICUs) by comparing 
outcome, for example mortality, in various ICUs. Because of the great heterogeneity of the 
intensive care population, the differences in population between ICUs has to be taken into 
account before outcome can be compared. Scoring models such as APACHE II [1], SAPS II 
[2] are aimed at quantifying case mix and using the resulting score to calculate the probability 
of hospital mortality adjusted for severity of illness [3]. However, these models are mainly 
based on physiological disturbances in the first 24 hours of ICU admission and they include, 
if at all, only a few, arbitrary selected diagnostic categories to represent the reason for 
admission. The reason for admission, however, is an important feature of an ICU population. 
To enable selection and stratification on diagnoses, a structured and standardized registration 
of diagnoses is essential. Another impulse for structured registration of intensive care 
diagnoses comes from the introduction of Patient Data Management Systems (PDMSs), 
computer systems which facilitate the collection, integration, retrieval and interpretation of 
multi-source, multi-variant data found in an ICU [4]. Interpretation, retrieval and integration 
are only possible when data is structured in a way that its meaning is constrained by the 
concepts and relationships in the structure (see chapter 6). 
To date, intensivists record diagnostic information mainly in free text. There has been hardly 
any structured registration due to the lack of an appropriate terminological system. DICE 
(Diagnoses for Intensive Care Evaluation) is an application which is under development to 
bridge this gap. 
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DICE is an implementation of the ontology described in chapter 9, in which knowledge about 
diagnoses in the IC domain, such as the anatomical localization, the dysfunction or pathology 
and the etiology, is included. The central idea behind DICE is that the domain knowledge 
included in DICE is to be used for recording a specific diagnosis in daily care practice and for 
stratification and selection in the context of research. 

DICE server 

A 
P 
I 

GUI modeller 

GUI 
intensivists 

Figure 0.1 Architecture of DICE. 

As shown in Figure 0.1, DICE consists of a server and two graphical user interfaces (GUI). 
An application program interface (API), which is the specific method prescribed by the server 
by which a programmer writing an application program can make requests to the server, 
connects the two graphical user interfaces to the server. One graphical user interface is 
developed for the modeller who has to implement and maintain the knowledge and terms 
about diagnoses in intensive care. The other interface is developed for the intensivists who 
are to record the diagnoses of the patients. Hence, DICE has two kinds of users: the 
knowledge modeller and the intensivists. 
During the two years of system development, it appeared that the ideas underlying DICE, 
were difficult to understand for most intensivists. Due to the current lack of structured 
registration of diagnoses and the relatively recent introduction of PDMSs, it was also difficult 
for the intensivists to adequately define their requirements for a terminological system. 
Although DICE is not finalised yet, an evaluation of the present application seemed useful to 
validate the representation and functionality, and to keep in touch with user requirements. 
This chapter describes the subjective evaluation of the functionality implemented in the 
server and its API and the GUIs of DICE by both types of users. The most important issues to 
evaluate by the intensivists are those concerning the ease of finding diagnosis for a patient 
and the way DICE supports the intensivist in recording diagnoses as detailed as necessary. 
The evaluation by the knowledge modeller aims to gain insight into the measure of fulfilling 
the requirements for ideal terminological systems as described in chapters 8 and 9. 
Section 10.2 describes a short history of DICE. In section 10.3 the methods of the evaluation 
are described separately for the knowledge modeller and the intensivists. The results of these 
evaluations are described in section 10.4 and the discussion and some aspects for future 
research are described in section 10.5. 

134 



Evaluation of DICE, a terminological system in intensive care 

10.2 History of DICE 
In 1997 the first version of DICE was implemented using a relational database management 
system and included approximately 1000 diagnoses. Based on our first experiences we 
decided to re-implement our ideas in Java, because additional requirements such as 
incorporation of DICE into existing PDMSs, which run on different platforms, were not 
solvable within the application of that time. Furthermore, additional requirements for the 
functionality of DICE became clear. The most important improvement in functionality of the 
Java version (DICE version 2) compared to DICE version 1 was the possibility to distinguish 
essential characteristics of a concept, such as "viral hepatitis" is_located_in "liver", from 
characteristics to refine a concept, such as "viral hepatitis" has_etiology <"hepatitis viruses" 
or "Epstein barr viruses" or "cytomegalo virus">. Another important improvement was the 
use of synonyms. In DICE version 1 each concept was designated with only one English 
term, version 2 of the application may contain many terms per language (at this moment 
Dutch and English) for each concept, relationship and attribute. 

The advantage of using formal specifications and knowledge, splitted up into essential and 
refining characteristics of concepts, in a terminological system is that this facilitates 
automatic reasoning and consistency checking. Online consistency checking of knowledge is 
not implemented yet in version 2. Therefore, some static consistency checks were 
implemented by the system developer to evaluate the consistency of the knowledge in DICE. 
An example of a consistency check is to determine whether there exist different concepts 
with the same characteristics. The system should support the modeller to examine whether 
these concepts are actually the same. Another example of consistency checking is to control 
whether two rather 'similar' concepts, but one of these with more detailed characteristics than 
the other, are generically related to each other. 

10.3 Methods 
During four weeks all the encountered reasons for admission and the comorbidity of 126 
patients admitted to two ICUs have been collected (see appendix 1). Diagnoses have been 
collected on paper by the responsible intensivists, at the level of detail used in the medical 
record, which forms the basis for the patients' treatment. The diagnoses were sorted on the 
length of its description, under the assumption that longer descriptions generally imply more 
detail and are therefore probably more difficult for the user to select in DICE. For example 
the description "pneumonia" is shorter and easier to select than the description "pneumonia 
due to proteus mirabilis". The two ICUs, one located at a university hospital and the other 
located at a non-university teaching hospital, are initiators of the NICE project and collect the 
NICE minimal data set since 1997. Two intensivists, one of each ICU, and the knowledge 
modeller evaluated DICE. 

10.3.1 Evaluation of DICE from the modeller's perspective 
The modeller checked whether diagnoses registered in the four-week collection period were 
available in DICE. If a concept was available, the modeller added Dutch terms for the 
concept (if necessary) and checked the relationships of the diagnostic concept. In the old 
version there was no distinction between essential characteristics of a concept and 
characteristics that can refine the concept depending on the situation. The knowledge 
modeller was now able to define essential knowledge, such as "viral hepatitis has location 
liver", and knowledge used by the intensivist to refine that concept, e.g. the qualification 
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which particular virus caused the viral hepatitis. Hence, some of the former essential 
characteristics have been transformed to qualifiers. Due to this new functionality enabling 
qualifier definitions, some subordinate concepts of DICE version 1 could be removed when a 
clinical relevant superordinate concept is included in DICE. For example, the subordinate 
concepts "ruptured aneurysm of carotid artery" and "unruptured aneurysm of carotid artery" 
can be removed since the superordinate concept "aneurysm of artery" can be specified by the 
qualifier "ruptured (yes/no)" and by the specific anatomical localization by choosing a 
particular artery, in this case carotid artery. When a diagnosis from the four-week collection 
period was not available in DICE, a new concept, its terms and its relationships have been 
added. In this way the intensivist were not unnecessarily confronted with missing diagnoses 
in DICE. 

During the adaptation of the knowledge of IC diagnoses, the modeller evaluated all criteria 
for ideal terminological systems as described in chapter 8 and 9. 

10.3.2 Evaluation of DICE from the perspective of the intensivist 
A subjective but structured evaluation of user friendliness is performed. For this evaluation a 
simple interface is built in which the diagnoses from the four-week collection period are 
included in a database. This application showed per patient one reason for admission and the 
comorbidity (if available) in free text as collected in the four-week collection period. Figure 
10.2 shows patient 35 who has the reason for admission "Proteus mirabilis pneumonia" and 
comorbidity "cachexia". 
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Figure 0.2 Interface which .shows the reasons for admission and comorbidity per patient. 
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Figure 0.3 shows the DICE interface used by intensivists in order to find and record 
diagnoses for intensive care patients. One could search in DICE for a concept by three 
methods: using free text, using a structured hierarchy (right side of Figure 0.3) or selection 
from a top 15 of most occurring diagnoses in intensive care (left side of Figure 0.3). 

Aantal Type Re-operatie j 

GEA 
LIMA 
PIMA 
RIMA 
veneuie giart 

Figure 0.3 DICE user interface to select "CABG " using the top 15 or using a hierarchical structure and free 
text. A "specify " window will appear to record additional detail (number of bypasses, type of 
bypass and re-operation) to the concept "CABG ". 

For each diagnosis to be searched and recorded the users were asked to answer two questions. 
The first question is how the user judged the ease of finding the diagnosis (easy, normal, 
hard) in DICE. The second question is how the user judged the level of detail of the concept 
(good, too much, too few) found in DICE, regardless of the specific level of detail of the 
diagnosis registered in the four-week collection period. For example, searching for "aorta 
abdominalis prothesis" results in DICE in the possibility to specify the additional qualifier 
"type of prothese". If in the user's opinion this qualifier is useful for this concept, the user 
will answer that the level of detail is good, also when the text available from the four-week 
collection period only describes "aorta abdominalis prothesis" without any additional 
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information on the type of prothesis. Furthermore, the user is asked for some general 
experiences with DICE such as speed and overall ease of use. After a short explanation and 
demonstration of DICE, the two intensivists independently searched for the diagnoses. 

10.4 Results 
In the four weeks collection period 75 different reasons for admission of 126 cases were 
collected. In 22 (17%) cases one or more diagnoses (in total 20 different diagnoses) were 
recorded as comorbidity. As shown in appendix one, the level of detail varied largely, from 
simple strings such as "CABG" or "re-CABG 3x" to complex composite strings such as 
"AVR & mitral valve commisurotomy due to aortic valve stenosis, aortic valve insufficiency 
and mitral valve stenosis". 

10.4.1 Results from the modeller's perspective 
Of the 95 different diagnoses (75 reasons for admission and 20 comorbidity diagnoses) 11 
diagnoses had to be added to the knowledge base. For the other 84 diagnoses Dutch terms 
had to be added and in many cases qualifiers and relations have been added or adapted. For 
example the concept "CABG" was already present but the only available knowledge about 
this concept was "has location coronary arteries", "has dysfunction obstruction", "involves 
system cardiovascular" "has intervention bypass". The modeller added three qualifiers: the 
number of bypasses (integer), type (LIMA, PIMA, RIM A, GEA, venous graft) and re
operation (yes/no). According to the relation types described in section 9.5.2, all relations, 
with the exception of the qualifiers, are defined as essential (Def) characteristics of the 
concept. The "type-qualifier" is defined as multi-valued (OR_ specialization), indicating that 
one or more types, e.g. LIMA and RIMA, can be chosen by the user. The qualifiers "number 
of bypasses" and "re-operation" are defined as single valued (XOR_ specialization), 
indicating that one count can be given for the number of bypasses and that either "yes" or 
"no" can be chosen to specify re-operation. 
The fact that most diagnoses have been added or adapted does not say anything about the 
representation or functionality of DICE. It only indicates that the knowledge in DICE was 
incomplete and had to be updated. 
Due to the formal and conceptual design of DICE described in chapter 9 and the 
conceptualization and formalization of the essential criteria for terminological systems 
described in chapter 8, DICE satisfies most of these criteria. The rest of this section describes 
the results on these criteria. 
Although not all concepts of the IC domain were present in DICE yet, its structure does not 
restrict the detail in breadth or depth. Attributes are frequently used to extend the level of 
detail and the defining (Def) and refining (OR/XOR/DOR/DXOR) relations between 
concepts and attributes or between different concepts seems practical and valuable. The use 
of more than one term (in many languages) to designate concepts, but also relations, 
attributes and attribute values is possible. Non-ambiguity and non-redundancy is (partly) the 
responsibility of the modeller, but they have to be supported as much as possible by 
consistency checks, which need to be implemented in the future. 

Multiple classification is possible because the concepts in DICE can be linked via the is_a 
relation to as many other concepts as necessary. For example "CABG" is a species ot the 
genus "bypass, graft of artery" and it is a species of the genus "coronary artery procedures". 
Definitions are (partly) given by the essential characteristics of a concept. 
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Syntax rules are implemented by the "Def \ "OR_specialization", "XOR_specialization"\ 
"DOR_specialization" and "DXOR_specialization" relation types. By these relations types it 
is possible to compose new concepts in a controlled way, so that non-sensible composed 
concepts are avoided. The only lack of control observed by the modeller was the 
impossibility of modelling cardinality constraints and dependencies between qualifiers. For 
example, the micro-organisms causing a disease can only be restricted by one value 
((D)XOR_specialization) or multiple-value ((D)OR_specialization), and for the concept 
CABG it is not possible to constrain that the "number of bypasses" has to be equal or larger 
than the number of specified types (LIMA, RIMA, PIMA, GEA, venous grafts). It was not 
possible to include this constraint, because this functionality is not implemented in the current 
version of DICE. 

All relations are explicitly labeled. Since, up till now, not much attention is paid to coding, 
the criteria "context free identifiers" and "mapping" is not fully supported. Codes of 
concepts, relations, attributes and attribute values are sequential numbers, but in composed 
concepts or concepts extended with attributes the code of a concept is extended with the code 
of the attribute and attribute value, for example "CABG (concept 1999) with 3 bypasses 
(code 21388)" has code "1999|21388:3". Since we believe that patient group selection 
always use the knowledge base available in DICE, codes are not important. Mapping to 
existing terminological systems is not yet implemented. In the future, the knowledge base 
will be used to select and designate concepts according to the corresponding ICD-9-CM or 
ICD-10 codes. 

10.4.2 Results from the perspective of the intensivists 
In general the two intensivists judged DICE as a promising tool for recording diagnoses. The 
top 15 of the most occurring diagnoses fulfils an important requirement of the users. 
Furthermore, the possibility to search on (a part of) a string, such as "bypass" for searching 
all terms which include bypass was very valuable for the users. 
However, the intensivists (called userl and user2 from now on) observed some significant 
problems through which not all diagnoses could be (easily) recorded at the level of detail 
necessary for daily care practice. First of all, DICE ran very slowly due to insufficient 
computer resources . More memory and a faster processor can solve this problem. Of the 95 
different diagnoses, 80 (84%) diagnoses were correctly recorded by both intensivists. The 
remaining 15 (16%) diagnoses were recorded at an incomplete level of detail: 6 (6%) 
diagnoses were incompletely recorded (less detail than they should have) by both intensivists; 
8 (9%) diagnoses only by userl; and 1 (1%) diagnosis only by user2 (see appendix 1). The 
problems with the 6 diagnoses which were recorded by both intensivists with less detail than 
they should include, were caused by lack of knowledge in the knowledge base. This lack can 
be split up in the lack of relations to be made explicit by the user and the lack of concepts or 
attributes. For example "rethoracotomy because of tamponade" could not be recorded 
because a relation between the concept "thoracotomy" and the concept "heart tamponade" 
could not be made explicit. An example of a missing concept is "reanimation after operation 
for carotid stenosis". Although the concept "reanimation" could be related to a reason, the 
concept "removal of carotid stenosis" did not exist in the knowledge base. The diagnosis 

1 The minimal computer specifications to run DICE were rather extensive: a minimum of 300 MHz processor 
and 32MB memory is desirable. These specifications are more extensive than available in computers in most 
ICUs. 
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"bladder malignancy" was difficult to find and record because the knowledge base did not 
distinguish benignant or malignant tumours to extend detail to the concept "bladder tumour" 
which was available in the knowledge base. 
Userl had many problems with diagnoses concerning plural operative procedures, for 
example, a patient admitted to ICU for monitoring after a CABG and an aortic valve 
replacement. All these plural operative procedure concepts can be composed by choosing the 
concept "operative procedure" and further select more procedures from the list by using the 
<control> button. However, it was hard to select multiple concepts, which are situated far 
from each other on the list and the interface does not clearly show which attributes to be 
made explicit belong to which of the selected operative procedures. For example if one 
selects "aortic valve replacement and mitral valve replacement", it was not obvious which of 
the two attributes "valve dysfunction (stenosis or insufficiency)" belonged to the aortic valve 
and which belonged to the mitral valve. 

User2 had a problem with the concept "proteus mirabilis pneumonia" because he could not 
find the aetiology "proteus mirabilis" in the list of micro-organisms and could not go further 
than "pneumonia". In a retrospective meeting in which problems were discussed, user2 
explained that this probably escaped him in reading the list of micro-organisms. 
Besides the 13 diagnoses that userl could not completely record, he judged 8 additional 
diagnosis as "hard to find". User2 indicated 6 diagnoses as "hard to find", additionally to the 
7 diagnoses that could not be completely recorded. Almost all these "hard to find" concepts 
were plural operative procedures or composed medical diagnoses and some concepts were 
hard to find because the right synonyms were missing. Overall, both userl as user2 could 
easily find 70% (n=65, 67 respectively) of all diagnoses. 

10.5 Discussion 
DICE is an application that aims to support structured registration of intensive care diagnoses 
when incorporated as a module within a PDMS or computerized registration system in 
intensive care. Due to its implementation in JAVA, there should not be restrictions to the 
platform on which the PDMS runs as long as a JAVA virtual machine is available for the 
platform the PDMS is running on2. However, for a successful implementation, the PDMS 
itself should allow incorporation and communication with extern modules. 
The idea behind DICE is an ontology describing diagnoses in the intensive care domain, viz. 
a description of all relevant concepts and their relations within the domain of intensive care 
diagnoses. Diagnostic concepts, such as "pneumonia", are described by essential 
characteristics, such as "has_localisation lungs", and additional characteristics to refine a 
concept, such as "has_etiology". These characteristics can be used to select an individual 
diagnosis or to stratify patient categories of the intensive care population for research and 
auditing. Selection on characteristics is currently under development. DICE supports the user 
to make each possible bit of information about a concept explicit by showing the additional 
characteristics that may refine the concept. However, it does not enforce the user to specify 
information about the concept which is not known yet. 

2 At this moment approximately 20 platforms are supported among which Windows, OS/2, MacOS and Linux. 
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The modeller was able to (conceptually and formally) model all concepts gathered during the 
four-week collection period. All relationships could be modelled and all possible terms could 
be related to the concept. The formalisation of knowledge facilitates automated reasoning 
such as automated classification when a new concept is added to the classification [5]. This 
functionality is not implemented yet, but it is planned for the future. Since in formalisation 
there is always a trade-off between expressiveness and automated reasoning we have to 
explore in which way DICE can facilitate and implement automated reasoning. 
The only weakness in DICE observed by the modeller, while checking and implementing the 
diagnoses collected during the four-week collection period, was the impossibility to define 
cardinality constraints and dependencies between attributes due to lack of expressiveness. 
Although this imperfection requires attention in the near feature, this problem does not occur 
frequently (in this pilot only for one diagnosis) and some responsibility of the user while 
recording this diagnosis can be assumed. Since the modeller's interface was developed in 
strong co-operation between the modeller and the system developer, the knowledge modeller 
had no problems with the interface for modelling knowledge about diagnoses in intensive 
care. However, it has to be mentioned that implementing the ontology by describing hundreds 
of ICU diagnoses with their relations and characteristics is a very labour-intensive and 
specialised job. 
This evaluation showed that potential users judged DICE as promising but the interface needs 
some essential changes. Since an important part of the intensive care population are patients 
coming for monitoring and care after extensive (cardiac) operative procedures, the user 
should be supported to collect plural operative procedures as the reason for admission, e.g. 
monitoring after CABG and aortic valve replacement. Although it was possible to select 
more than one operative procedure, the interface was not very intuitive to easily compose a 
plural operative procedure. Furthermore, when more than one procedure was selected, it was 
unclear which attributes belong to which procedure. New developments in DICE, which have 
recently started, should enable the user to easily select more than one operative procedure and 
specify the attributes of each procedure in a user-friendly way. Furthermore, the knowledge 
in DICE is also not completed yet (some concepts and their relationships are missing or need 
adaptation). However, the knowledge has to be under continuous development anyhow, for 
example to add new diseases or change characteristics when new insights into the 
characteristics of a concept arise. 
We believe that DICE is an important tool for the registration of intensive care diagnoses. 
Once the mentioned shortcomings in the user interface are solved and once the knowledge 
base includes most of the intensive care diagnoses, DICE will be introduced to all NICE 
participants such that reasons for admission and complications during ICU stay can be 
included in the national database intensive care. Implementation of this structured registration 
of ICU diagnoses will bridge an important gap in current PDMSs [6]. 
We expect that DICE will support intensivists to record diagnoses in a structured and detailed 
way. This will improve communication between different physicians and different disciplines 
during daily patient care. Furthermore, stratification for differences in the reasons for 
admission and comorbidity will become feasible. This will be an important improvement for 
quality assessment in intensive care. 
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Appendix of chapter 10 

Reason for admission Problem to 
userl/user2 

AAA 
CABG 
[TAAA 
Bricker_ 
Re-CABG 
CABG 3x 
6 x CABG 
AVR + MVR^ 
Heart failure 

userl 

Pneumonia 
Urosepsis 
Neurotrauma 
CABG witlij Lima_ 
Urgent CABGJx 
4x_CAI3G+i1 ima_ 
AJVR and CABG 1 x 
Bowel perforation 
(multi) Trauma 

CABG 4x with Lima 
Heart valve operation 

userl 

Aortic bifurcation prothesis 
Subdural haematoma 
Duodenum perforation _ 
CVA bleeding in pons 
Aqrticjvalve replacement 
Neurological JxaumaJT2_ 
MJtral valve replacement 
Explorative laparotomy 
Re-mitral valve replacement 
Mitral valve (bio)prothesis 
Oesophageal cardiajesection 
CABG Lima + venous grafts 
CABG + aortic valve replacement 
CABG + mitral valve replacement 
Proteus mirabilis pneumonia 
Rethoracotomy for_cardiac tamponade 
CABG 4x with Lima, Gea, Rima _ 
Reanimation for respiratory arrest 
AVR (aortic valve resection) 
Aortic arch replacement^ 4x CABG 
Aorta ascendens prothesis + CABG 
Reanimation after OK carotic stenosis 
Mass lung embolus + reanimation 
Removement subdural neurinoma c3 
Acute aneurysm aortae abdominalis 
Sepsis due to bacterial peritonitis 
Cardiac asthma due to myocardial infarctjon 
TMLR for inoperable coronary sclerosis 
Infection bronchial tree after pneumonectomy 
Circulatory arrest with myocardial irdarction 
Gram negative sepsis 
Transhiatal oesophago cardia resectjon 

userl 
userl 
user2 

userl + 2 

userl 
userl 

userl + 2 
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Respiratory_arrcst after overdoses heroine 
Transthoracal oesophago cardia resection 
Cardiogenic shock due to large myocardial infarction 
Respiratory failure due to cardiac asthma 
Respiratory failure due to exacerbation COPD 
Nephrectomy right Tanckhoff catheter implantation 
VSR repare (ventricle septum rupture reparation) 
Respiratory failure due to postanoxic encephalopathy 
Trauma with facial fractures and cerebral contusion 
Respiratory arrest at exacerbation COPD and LVF 
Respiratory failure due to pneumococcal pneumonia 
Respiratory failure at terminal lung emphysema 
Endarteriectomy aorta abdominalis under renal arteries 
Respiratory failure due to lung embolism + pneumonia 
Oesophagocardia resection 
Cardiogenic shock due to myocardial inferior infarction 
Respiratory failure due to rib fracture and lung contusion 
AK.V mechanic valve due to aortic stenosis insufficiency 
Respiratory failure due to homozygotic sickle cell disease 
Respiratory failure due to lung oedema 
Multiple trauma: femur #, orbita #, patella #, pneumothorax, lung contusion 
AKV & mitral valve commissurotomy due to aortic stenosis and insufficiency and 
Monitoring for possible apnoea due to anti-epileptica medication for epileptic insults 

Comorbidity 
Sepsis 
AV block 
Cachexia 
Dementia 
Bowel tumor 
Lung fibrosis 
Hypertension 
Liver cirrhosis 
Atherosclerosis 
Cardiac asthma 
Chronic gastritis 
Homocysteinuria 
Chronic renal failure 
Old infarction inferior 
Myocardial infarction 
Non hodgkin lymphoma 
Urinary bladder malignancy 
Gastric perforation operation 
Multiple myocardial infarctions 
Auto-immune haemolytic anaemia 
Oesophageal carcinoma squamous cell 

userl + 2 

userl + 2 

userl 

userl 
userl + 2 

n/a 

userl + 2 
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11.1 Summary 

The topic of this thesis is quality assessment of intensive care. We explored, designed and 
implemented an infrastructure for empirical "evidence based" quality assessment of intensive 
care from two perspectives: a clinical epidemiological perspective concerning data analysis, 
and a medical informatics perspective concerning structured diagnoses and data collection. 

From the clinical epidemiological perspective we conclude that a national database intensive 
care is an important tool to assess and assure quality of intensive care (chapter 3). NICE has 
successfully implemented a national database and uses it to compare outcome, in this case 
mortality and length of stay, between Dutch ICUs and the national average. Furthermore we 
conclude that existing prognostic models used in this quality assessment program have to be 
evaluated and recalibrated before they can be used to compare case mix adjusted mortality 
between Dutch ICUs (chapter 4). Although diagnosis has a secondary role as explanatory 
(adjustment) variable in most prognostic models, we hypothesized that this role could be 
increased. From the collaborative research with the UK audit center for intensive care, 
ICNARC [1] we conclude that the added value of increasing the level of detail of diagnostic 
information to a well-known prognostic model mainly based on physiological disturbance, 
was less important than we expected. The model could even be simplified by replacing the 53 
APACHE II diagnostic categories by 9 body system based categories (chapter 5). 
In this thesis special attention is paid to the role of diagnostic information in prognostic 
models, in communication and in the context of research. From the medical informatics 
perspective we conclude that registration of intensive care diagnoses is not adequate in 
current PDMSs due to the lack of a terminological system for intensive care diagnoses 
(chapter 6). We proposed a framework for understanding terminological systems, existing of 
a standard terminology and typology to support communication about terminological systems 
themselves on the one hand, and a conceptual and formal representation formalism to 
describe the structure of terminological systems on the other hand. This framework was used 
to explore five well-known terminological systems with a general medical domain and one 
terminological system for intensive care. From our study we conclude that this framework 
has been useful to explore the merits and limitations of existing terminological systems 
(chapter 7 and 8). Furthermore, the framework formed an adequate basis for developing a 
new terminological system for intensive care diagnoses (chapter 9 and 10). 

We will now summarise the results and their implications. In section 11.2 we discuss the 
merits and limitations of a national quality assessment and assurance program. Then, the use 
of prognostic models to measure quality of intensive care and the added value of increasing 
the level of diagnostic information to improve the performance of the APACHE II [2] 
prognostic model to predict in-hospital mortality of adult intensive care patients is discussed 
in 11.2.2. In section 11.3 we discuss the use of PDMSs for daily care practice and research. 
The framework for understanding terminological systems and the specific terminological 
system designed and implemented in order to facilitate structured registration of diagnoses in 
intensive care are discussed in 11.4. Directions for further research are proposed throughout 
the chapter. The chapter concludes with remarks in section 11.5, concerning the role of 
terminological systems in enabling quality measurement of intensive care. 
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11.2 Quality assessment and quality assurance in Intensive Care 

In this section we discuss the results from chapters 3. 4 and 5. First we discuss the NICE 
initiative and the Dutch national database intensive care. Next we discuss the use of 
prognostic models to measure the quality of intensive care. 

11.2.1 NICE and the national database intensive care 

For the purpose of quality assessment and quality assurance of intensive care, large scale 
multicenter databases have been developed [3-9]. Information from such a database enables 
benchmarking, comparing the effectiveness and efficiency of individual units with a standard, 
the benchmark. As part of the study described in this thesis, the NICE (National Intensive 
Care Evaluation) foundation with its Dutch national database intensive care has been 
established. NICE uses the database to compare outcome, at this moment restricted to 
mortality and length of stay, of individual ICUs with the national average (see chapter 3). 

From the definitions of quality assessment and quality assurance described in chapter 1 we 
can conclude that the NICE initiative is at this moment only a quality assessment program, 
using the national average as a benchmark. Although quality assurance is the ultimate goal of 
the NICE initiative, it is not yet implemented. With data from the national database it is 
possible to compare outcome of an individual ICU with the national average or to compare 
outcome of a particular patient category with outcome of another patient category. 
Differences in outcome among ICUs or between an ICU and the national average have 
already been discussed in meetings with all participating intensivists. However, a thorough 
search for the causes of these differences and implementation of activities in order to reduce 
these discrepancies in as far as these are judged avoidable, have not been performed yet. 
The development of the national database intensive care and the implementation of the data 
collection process in the ICU makes participating intensivists aware of policy and issues 
related to quality. Furthermore, the national database is an important tool to get insight into 
trends in the demographical and physiological characteristics, and the health status and 
outcome of the intensive care population. It can also support clinical researchers to derive 
hypotheses and test them or to assist them in study design issues (e.g. sample size). 

The value of benchmarking depends on the standard used, in this case the national average. 
We are aware of the limitations of this benchmark, viz. the national average does not 
automatically imply a good standard, e.g. it is imaginable that a small number of ICUs 
perform very badly which will reduce the standard to an inadequately benchmark. At this 
moment NICE includes ten participating hospitals, but at the moment of the study described 
in chapter 4, data of only three hospitals could be used which can not be regarded 
representative for the Netherlands. Hence, the average is not a real national average. In view 
of the willingness to participate in the NICE initiative now shown by many Dutch ICUs, 
coverage will be broader soon. But. even when NICE will include a large proportion of Dutch 
ICUs, as long as not every ICU is included, one has to be careful with overall conclusions 
about the quality of Dutch intensive care. Participation in NICE is voluntary and selection 
bias may limit the validity of benchmarks based on the current participants. 
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With more ICUs participating in NICE, additional benchmarks will become available, for 
example to accommodate specialized ICUs (neurological, cardiac surgical etc.). Next to 
general benchmarks, NICE also has the intention to pay attention to trends in time. 

A higher participation level of ICUs implies new challenges. The success of an initiative like 
NICE strongly depends on the commitment of the participants. The current participants are 
the founders of NICE, who also developed the minimal data set and are strongly committed 
to the initiative, which is essential for the quality of data collected and for the quality 
judgements derived from the data. This level of commitment can not be expected and to some 
extend is not necessary from new participants. However, the financial contribution and the 
extra work this initiative requires, show adequate commitment of each voluntary participating 
ICU. To some extend the high quality of data collection can be achieved by technical means, 
such as an extensive data dictionary describing definitions, examples and technical 
information for each variable; obligatory training to reduce variability in data collection 
before one may start data collection; and obligatory consistency checking on domain values 
and inter-variable consistency during local (electronically) data collection in the ICU and 
before importing the data in the national database. An audit-program, including site visits and 
sample recollection [10], to investigate how these data quality improvement activities are 
implemented in the participating ICUs, is currently under development. We hope, this audit 
activity will further add to the social process of acceptation of the professional belief of the 
founders. 

As described in chapter 3 the outcome measures currently considered in NICE are restricted 
to (ICU and in-hospital) mortality and length of stay. In chapter 4 we mentioned that 
differences in ICU mortality (adjusted for case-mix) can be caused by differences in the 
availability of medium care and ICU discharge policy. The same applies to hospital discharge 
policy. Therefore, it would be more objective to use mortality figures at a fixed time point, 
for example 6 or 12 months after ICU discharge. Information about the location or survival 
after hospital discharge is not included in the NICE database intensive care. Due to privacy 
regulation it is not easy to collect these follow-up data. NICE will perform at least a pilot in 
which the differences in using hospital mortality and 12-months mortality will be 
investigated. Efficiency measures are not under consideration yet. However, length of stay 
can be an approximation of efficiency because costs are closely related to length of stay. 
NICE has the intention to explore other outcome measures such as costs and quality of life in 
the future. 

11.2.2 Scoring systems and prognostic models 

Scoring systems and prognostic models can be applied at three aggregation levels [11, 12]. 
The first level is population-based, such as guiding policy and management or guiding 
research and education. The second level is sub-population based, such as guiding the care of 
groups of patients (quality assessment and assurance) or grading patient outcomes in clinical 
trials. The third level is individual patient-based, such as guiding choice of treatment in 
individual patients. The demands in terms of accuracy, discrimination and calibration on a 
prognostic model increase considerably as one progresses from the population-based level 
(focussing on multigroup means of prognosis) to individual patient-based level (focussing on 
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an individual prognostic point estimate with confidence interval). For example in a 
population based application the overall accuracy (overall correct classification) is the 
important issue regardless of the fact whether the model fits well to particular subgroups or 
individuals. In a sub-population based application the model should have sufficient accuracy 
for each distinguished group of patients and should also provide sufficient discrimination 
between different groups. The accuracy in individual cases again is less important. For the 
individual patient based applications calibration per case is essential because the calculated 
probability is the input for decisions about the patient's treatment. The scoring and prognostic 
models APACHE II, SAPS II, MPM(I II, MPM24II and LODS, used in intensive care, were 
developed for population and sub-population based applications. The score is often used for 
stratification of patients within a study, for example a clinical trial. The probability of 
mortality, which can be derived from the score, is mainly used for quality assessment of 
intensive care. One of the reasons for the development of new prognostic systems or to 
improve on the older ones, e.g. APACHE III, is to rise the accuracy to a level suitable for 
individual application. Sofar, progress is slow, as witnessed by the divergence in individual 
hospital mortality risks estimated by the two most commonly used prognostic models, 
APACHE II and SAPS II (see figure 11.1). This divergence still is poorly understood. 
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Figure 11.1 APACHE 11 versus SAPS 11 hospital mortality risk. Large differences exist for individual patients, 
e.g. X shows low SAPS 11 and large APACHE II mortality risk, the opposite holds for Y (data 
extracted from Dutch national database intensive care 1/1/1999 to 1/10/1999, n=84/4). 

In chapter 2 we mentioned the disadvantages of accuracy and discrimination in evaluating the 
performance of a model: (1) dependence on the cut-off point chosen and (2) prevalence of the 
outcome. Prevalence dependency implies that when a population mainly exists of e.g. low 
risk patients, the specificity will be large for many cut-off points, because in a large range of 
middle and high value cut-off points many survivors will be correctly predicted to survive. 
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For the same reasons the sensitivity will be large in a high risk population. Calibration, 
another aspect considered in the evaluation of a model's performance, partially deals with the 
problem of prevalence dependency because it includes different risk strata. The Hosmer-
Lemeshow statistics, commonly used to quantify calibration, are based on stratification of 
patients into groups with either equal expected probability ranges (H-statistics) or equal 
percentiles of patients per probability range (C-statistics). Although every characteristic 
could be the basis for the division of groups, probability of hospital mortality is always 
reported in articles to define the groups. It is arguable whether the probability is the most 
appropriate characteristic because now probability of hospital mortality is both used as 
characteristic of partition and as the outcome of interest. Depending on the interest of the 
study in which the models are used, it can at least be interesting to additionally use for 
example diagnostic categories or score categories to explore the agreement between observed 
and expected survival and non-survival in these groups. 

The study described in chapter 4 demonstrated that the discrimination of all prognostic 
models used in the study was good, especially of APACHE II [2] and SAPS II [13]. Because 
calibration showed lack of fit in all models, we recalibrated one model, viz. we recalculated 
the coefficients of the variables in the model, to improve discrimination and calibration. 
SAPS II was chosen for recalibration because this model is most commonly used and has best 
discrimination next to APACHE II. APACHE II could not be used in our case because the 
number of patients per APACHE II diagnostic category was too small at the time of this 
study to allow for categorical analysis. 
In the study described in chapter 4 we used data of only 3 hospitals. Application of the 
original prognostic models suggests that one of the three hospitals had significantly lower 
mortality than expected. However, this hypothesis was at first instance rejected after 
recalibration of the SAPS II model. The small number of patients may have been partially 
responsible for lack of statistical significant differences. Recalibration and reanalysis will be 
repeated if more data per hospital will be available, and if more hospitals participate. 
In the process of model development we can choose to recalibrate existing scoring models 
and prognostic models by (1) reweighting the coefficients per variable (e.g the score) in the 
prognostic model, (2) reweighting the number of points of variables which result in the score 
or (3) reconsidering the independent variables. Recalibration or reweighting seems 
appropriate when there exists an overall over- or underprediction. Bad fit in particular patient 
or severity categories indicates reweighting coefficients or even reconsideration of 
independent variables. As shown in table 2.2 the variables used vary between the prognostic 
models. Because the NICE national database intensive care includes all these variables, new 
selections could be undertaken. A related hypothesis to be investigated is whether the change 
in physiological condition instead of worst state of each physiological variable or diagnostic 
information is a better predictor. 

The study described in chapter 5 showed that the additional value of increasing the level of 
detail of diagnostic information to the APACHE II model was low. Based on the results of 
this study the APACHE II model recalibrated for the UK population [14] could even be 
simplified by reducing the amount of diagnostic information in the APACHE II without 
losing performance. However, further research has to explore if specific diagnostic categories 
instead of fixed sets of diagnostic information ("body system" or "anatomical localization" 
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and/or "process or dysfunction") add to the performance of the prognostic model. To enable 
this research structured registration of diagnostic information is needed. Although the 
ICNARC Coding Method which is used in this study is an important step into this direction, 
the lack of a conceptual and formal representation of the diagnostic information limits it use 
for this purpose (see chapter 7, 8 and 9). For example the lack of explicit definitions of 
diagnoses harms the non-ambiguous and complete selection of patients with particular 
diagnostic characteristics such as tumors in the gastrointestinal system. 
The next section deals with an important part of the information architecture in intensive 
care, the Patient Data Management System, which could facilitate the collection of routinely 
prognostic data. 

11.3 Patient Data Management Systems (PDMS) 

During the last years ICUs become more and more interested in PDMSs to manage the large 
amount of data available in intensive care. PDMSs were not only introduced with the promise 
to support nurses and physicians in (automatically) collecting a large amount of data, they 
also promised to improve the quality of care by integrating and interpreting the data and 
thereby support decisions during treatment and care. Another promise concerned the 
continuous availability of data from patients admitted to the ICU and the use of these data for 
research. 
As described in chapter 6 some Dutch ICUs implemented a PDMS and used it in daily care 
practice. We investigated whether the functionality of Dutch PDMS configuration agreed 
with predefined requirement concerning "automated charting", "care planning" and 
"management information". Most PDMSs support nursing activities by automated 
registration of data from bedside devices or the Hospital Information System. However, there 
is much functionality in "care planning" not yet optimally available in the current generation 
of PDMSs and maybe therefore the success of the PDMS stays away. An integrated and 
problem oriented care plan for all involved disciplines is often lacking or inadequate. The 
support for structured data entry for e.g. physical examination or medical history is lacking 
and the retrieval of data of a patient's earlier ICU admission is hard or impossible. 
Because much relevant data about the patients and their treatment and outcome is available in 
the PDMS. it seems a valuable tool for "management information" and thereby useful for 
data collection for a national database intensive care. From chapter 6 we can conclude that 
this promise has not been fulfilled yet. The most important reasons why the expected value of 
the PDMS for management information and research have not been met yet seems the lack of 
structured data entry which is essential for data retrieval. Another important limitation for 
success is the complex database structure combined with the lack of a user-friendly facility 
for data extraction for research and management purposes. 

When data are not structured, it is hard to use this information for management information, 
research or to integrate and reason with it in daily care practice. For example integration of 
protocols, knowledge based decision support and critiquing systems are the functionalities 
which make a PDMS valuable. An important reason why structured registration of diagnoses 
is lacking in PDMSs is mainly because of the lack of a terminological system which is 
tailored to the intensive care and which is integrated in the PDMS (see figure 1.2). 
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11.4 Terminological systems 

Large scale classification of medical data started at the end of the 18' century. Historically, 
medical data was coded mainly for epidemiological and administrative purposes. The 
introduction of computerized information systems and the tendency to an information-driven 
and "evidence-based" medicine increased the importance of these data in daily care practice. 
These data are especially important in interdisciplinary communication, integration with 
protocols and critiquing systems and for clinical research. This shift in use of medical data 
implies new requirements on terminological systems concerning for example the level of 
detail and the structure of the terminological systems. 

In intensive care no terminological system was available to support systematic registration of 
diagnoses, health status and medical problems. Such a terminological system should support 
the description of the patient's health problems as part of daily care practice and should 
support the aggregation of diagnostic information for research. These two objectives resulted 
in the prioritisation of criteria for terminological systems which were defined by Cimino et 
al. [15] and Campbell et al [16]. 
In this study we explored whether existing terminological systems (for at least medical 
diagnoses) could meet these criteria. A good understanding of terminological systems is 
essential before one can assess whether an existing terminological system is appropriate for 
use in certain circumstances or when one has to develop a new system. Therefore we 
suggested a referential framework for understanding terminological systems. It includes two 
components. First, terminology and typology of terminological systems to facilitate the 
communication about notions used in this field. Existing standards such as ISO and CEN [17, 
18] intend to describe the first part of such a framework. They are rather dry enumerations of 
definitions about notions in the field. Therefore we enriched the framework with 
interrelations between these notions, including a typology of terminological systems. 
The second part of the framework is a uniform (conceptual and formal) representation 
formalism to describe the criteria for terminological systems and the structure of 
terminological systems. The representation of the structure of a terminological system in a 
conceptual and formal way has more advantages next to merely understanding the 
terminological system [19-23]. A conceptual and formal representation of a structure of a 
system supports the communication about the meaning of a system. Furthermore, it supports 
the development of new systems by using the "desired patterns", the essential criteria for 
terminological systems, in the design. By making knowledge of the underlying domain 
explicit with formal specifications, these specifications can be used in a knowledge 
acquisition tool, such as GAMES [21] and PROTEGE [24], to support consistency checks 
within the terminological system. Formalised knowledge is also a prerequisite for inference 
of new knowledge. Knowledge acquisition and inference are important for the management 
of knowledge in the terminological system. 
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We applied both parts of the framework to five widely disseminated terminological systems 
with a general medical domain. ICD-9-CM /ICD-10 [25, 26], NHS Clinical Terms [27], 
SNOMED [28], UMLS [29], and GALEN [30] and to one terminological system for ICU 
reasons for admission, the ICNARC Coding Method (ICM) [31]. 

In our experience, formalization supports understanding a terminological system and 
facilitates the comparison between the criteria on terminological systems and the structure of 
existing terminological systems. Formalization resulted in a reference design that helped us 
to observe anomalities in some terminological systems. From the comparison between 
formalized criteria and structure of existing terminological systems we conclude that none of 
the existing terminological systems adequately satisfy our objectives for intensive care. 
Therefore, the formalization of criteria formed the basis for the development of a new 
terminological system for intensive care diagnoses. 

We have engineered an ontology, a description of concepts and relations, in the domain of 
intensive care diagnoses. Our engineering approach and the general ideas behind it are not 
restricted to IC but rather applicable to a broader spectrum of medical domains. We used 
Entity-relationship (ER) representation techniques to design the meta-model and domain 
model of this ontology. Because the ER modelling technique is not appropriate to describe all 
information about the domain, such as detailed constraints, we described some specifications 
formally in First Order Logic (FOL), which is more expressive. Of course, other conceptual 
and expressive formalisms, such as UML [32] and OMT [33] could also be used instead of ER. 
Our choice for ER with FOL means that the descriptions in this formalism could easily be 
translated to and from other logic-based formalisms such as Ontolingua [34], conceptual 
graphs [23] and description logics [35] when their expressivity allows this. 

Our ontology was implemented in an application called DICE (Diagnoses for Intensive Care 
Evaluation) which consists of three parts (see Figure 9.2 ): the meta-model (Figure 9.1), the 
domain model (Figure 9.3) and the IC-domain (Table 9.3). The meta-model describes 
concepts, relationships between them and between concepts and terms in general, such as 
constraints on the number of terms a concept may have. The domain model describes 
concepts and their relationships in the IC-domain such as "health problem" has localization 
"Anatomical component". The IC-domain is formed by concepts such as "Meningitis", their 
definition in a vocabulary, e.g. "Viral hepatitis" has location "Liver" and has abnormality 
"Infection"; and a nomenclature with rules to support the composition of new concepts, e.g. 
"viral hepatitis" Is caused by {"hepatitis virus" or "Cytomegalo virus" or "Epstein Ban-
virus"}. 
Although the domain model is focused on intensive care, the chosen concept and relations 
may be extended in the future to other domains or may be extended because one might need 
additional features to aggregate diagnostic information for research purposes. From our 
experiences with the application of this model to the domain of internal medicine (not 
described in this thesis) we can conclude that the ideas behind DICE are general enough to 
extend the model without major problems to another domain. 

154 



Summary and general discussion 

DICE is a JAVA application, which implies that it can run on the different platforms the 
PDMSs are running on. A preliminary evaluation showed that both the knowledge modeller, 
who is responsible for the implementation and maintenance of the knowledge and terms in 
intensive care, and the intensivists, who want to find and assign diagnoses for patients, 
judged the application as a promising and acceptable tool. 
During the pilot, aimed at a preliminary evaluation of the implementation of our ideas, the 
knowledge modeller could model all relationships and all possible terms for the concepts. 
Formalisation of knowledge facilitates automated reasoning such as automated classification 
when a new concept is added to the classification [35]. However, this functionality is not yet 
implemented, but is planned for the future. Since in formalisation there is always a trade-off 
between expressiveness and the level of automation of reasoning we have to explore in which 
way the application can facilitate and implement automated reasoning. The main weakness 
observed in the pilot by the modeller was the impossibility to define cardinality constraints 
and dependencies between attributes due to lack of expressiveness. Cardinality constraints are 
conceptually and formally modelled, but it is not yet sufficiently implemented in DICE. 
Although this weakness requires attention in the near feature, this problem is infrequent (in 
this pilot only for one diagnosis) and some responsibility of the user while recording this 
diagnosis can be assumed. From the modeller's perspective, it has to be mentioned that 
implementing the ontology by describing hundreds of ICU diagnoses with their relations and 
characteristics is a very labour-intensive and specialized job. 
Our evaluation showed that the interface for the intensivists needs some changes. Although it 
was possible to select plural operative procedure, the interface was not very intuitive to easily 
compose e.g. "CABG and aortic valve resection". When more than one procedure was 
selected, it was unclear which attributes belong to which procedure. Furthermore, the 
knowledge in DICE is also not completed yet (some concepts and their relationships are 
missing or need adaptation). The knowledge has to be under continuous development 
anyhow, to accommodate the emergence of new diseases or the redefinition of existing ones. 
Maintenance of knowledge is an important issue for further research. Although formalisation 
can support the consistency of knowledge during maintenance, especially when more than 
one knowledge modeller is responsible for the maintenance, it is hard to protect the 
consistency of knowledge [36]. 

11.5 The role of terminological systems in measuring quality of intensive care 

In this section we integrate the clinical epidemiological and medical informatics perspectives 
by discussing the role of terminological systems in measuring quality of intensive care. 
At the beginning of this study we hypothesized that diagnoses play an important role in case 
mix description of intensive care patients and that diagnostic information should therefore be 
included in the data collection part of the quality assessment and assurance program for 
intensive care. The study described in chapter 5 does not support our hypothesis that 
increasing the level of diagnostic information in the prognostic model APACHE II does 
improve the predictive power of the model to estimate risk of in-hospital mortality for adult 
intensive care patients. However, we still believe diagnoses are important in clinical studies, 
among other quality assessment and assurance, in intensive care. Diagnostic information is at 
least important to stratify the patient population and to select patient categories for specific 
research questions. Therefore, structured and formally defined diagnostic information is 
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essential to unambiguously define patient categories on diagnostic characteristics. Further 
research should then prove whether specific diagnostic categories instead of fixed sets of 
diagnostic information ("body system" or "anatomical localization" and/or "process or 
dysfunction") add to the performance of the prognostic model. Anyhow, to enable 
stratification and selection of patients from the intensive care population and to further 
explore the role of diagnostic information in prognoses we need structured and formally 
defined diagnoses. The research described in this thesis is aimed at the development of a 
terminological system to facilitate this. 

We believe that DICE satisfies our ideas about a terminological system for intensive care and 
that it is useful to enable structured and formally defined diagnoses. Although there are some 
point for improvement, it seems to be a promising application for both the knowledge 
modeller and the intensivists. Once the mentioned shortcomings concerning the user interface 
are solved and once the knowledge base includes most of the intensive care diagnoses, the 
terminological system has to be integrated with the PDMSs. The possibility to record reasons 
for admission and complications during ICU stay in a structured and formally defined way 
will bridge an important gap in current information architecture in intensive care in which the 
PDMS plays a central role. It will improve communication between different physicians and 
between different disciplines during daily patient care by standardisation of language. 
Furthermore, the data set of the Dutch national database intensive care of NICE will be 
extended with data about the reason for admission and comorbidity occurring during ICU 
stay so that stratification and patient selection on diagnostic information will become feasible 
for research purposes. 

Quality assessment and assurance of intensive care is difficult because of the abundance and 
diversity of reasons for admission, the severity of illness and the many parallel therapies 
given to treat the patients. Validated prognostic models to adjust mortality estimations in the 
Dutch intensive care population for seventy of illness and a terminological system to 
describe reasons for admission and complications during ICU stay will be important 
improvements in the infrastructure for quality assessment and quality assurance in Dutch 
intensive care. 
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Samenvatting 

In dit proefschrift staat een infrastructuur voor kwaliteitsbewaking en —bevordering van 
intensive care (IC) geneeskunde centraal. 
In hoofdstuk 1 wordt de achtergrond en aanleiding van dit onderzoek toegelicht. Dit 
hoofdstuk beschrijft het ontstaan van intensive care geneeskunde eindjaren 50 en de snelle 
ontwikkeling van het vakgebied in de afgelopen decennia. Door de grote inzet van 
gespecialiseerd personeel en nieuwe technologische mogelijkheden kunnen ernstig zieke 
patiënten overleven, maar is IC ook een erg kostbare behandelingsvorm. Zowel nationaal als 
internationaal worden activiteiten geïnitieerd om de effectiviteit (de baten die een ernstig 
zieke patiënt van de IC behandeling ondervindt) en doelmatigheid (de baten gerelateerd aan 
de kosten) van IC te evalueren. Om ethische redenen is het niet mogelijk om dit te 
onderzoeken met een gerandomiseerde klinische studie waarin een groep ernstig zieke 
patiënten naar een gewone verpleegafdeling gaat en een andere groep naar de IC. Daarnaast 
doet het probleem zich voor dat ernstig zieke patiënten op een IC vaak vele therapieën 
simultaan toegediend krijgen die niet apart van elkaar te evalueren zijn. 
Om evaluatie onderzoek van de intensive care behandeling toch mogelijk te maken, worden 
in verschillende landen gegevens van IC opnames verzameld in regionale of landelijke 
databases. De uitkomsten van de IC behandeling, in dit proefschrift beperkt tot IC- en 
ziekenhuismortaliteit en behandelduur, kunnen vergeleken worden tussen verschillende 
intensive care units (ICUs) of tussen een individuele ICU en het landelijk gemiddelde. 
Voor het opzetten van een infrastructuur voor kwaliteitsbewaking en -bevordering, 
waarbinnen de landelijke database een centrale rol vervult, zijn in dit onderzoek instrumenten 
vanuit de klinische epidemiologie en medische informatiekunde ontwikkeld, 
geïmplementeerd en geëvalueerd. 

Dit proefschrift bestaat uit twee delen. Het eerste deel, hoofdstuk 2 tot en met 5, belicht 
instrumenten vanuit de klinische epidemiologie: scoring systemen en prognostische modellen 
voor het kwantificeren van de ernst van ziekte en het berekenen van voor ernst van ziekte 
gecorrigeerde sterftekansen. Tevens zijn de doelen en activiteiten van de stichting Nationale 
Intensive Care Evaluatie (NICE), houder van de nationale database intensive care, 
beschreven. 

Hoofdstuk 2 is een theoretische inleiding op prognostische modellen. In dit hoofdstuk staat 
beschreven hoe de discriminatie en calibratie van extern ontwikkelde modellen gevalideerd 
moeten worden alvorens de modellen gebruikt kunnen worden voor een andere populatie. 
Een gevalideerd model kan gebruikt worden om voor een patiëntenpopulatie een verwachte, 
voor ernst van ziekte gecorrigeerde, sterfte te berekenen. Deze kan vergeleken worden met de 
werkelijke mortaliteit in de veronderstelling dat een afwijking tussen werkelijke en verwachte 
mortaliteit een indicatie is voor de kwaliteit van de IC behandeling. 
Hoofdstuk 3 beschrijft hoe de stichting NICE in 1996 ontstaan is vanuit een project waarin 
Nederlandse ICUs gezamenlijk een set van specificaties voor informatiesystemen in intensive 
care definieerden. Een belangrijke specificatie was dat gegevens uit het IC informatiesysteem 
of Patient Data Management Systeem (PDMS) gebruikt konden worden voor een landelijke 
database intensive care. 
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Er is een minimale dataset gedefinieerd en deze is in een pilot fase (1997-1998) door 6 ICUs 
verzameld. Naar aanleiding van deze pilot fase zijn definities en procedures met betrekking 
tot het aanleveren van de gegevens aangescherpt. Tevens zijn er procedures voor het bewaken 
van de privacy van patiënten en ziekenhuizen en voor het bewaken van de kwaliteit van de 
gegevens geïmplementeerd. De deelnemende ICUs ontvangen ieder kwartaal een rapportage 
waarin overzichten over de eigen populatie en uitkomsten vergeleken worden met het 
landelijk gemiddelde. Deze rapportages dienen als uitgangspunt bij de halfjaarlijkse 
discussiebijeenkomsten. NICE richt zich niet alleen op het inzichtelijk maken van verschillen 
in uitkomsten maar zal in de nabije toekomst met name projecten opzetten voor het 
achterhalen van de oorzaken van deze verschillen, bijvoorbeeld verschillen in organisatie 
en/of behandelmethoden. Op deze manier kan de kwaliteit van IC geneeskunde in Nederland 
verbeterd worden. 

Hoofdstuk 4 beschrijft de evaluatie van de performance van enkele veel gebruikte 
prognostische IC modellen zoals APACHE II, SAPS II, MPM0M H en LODS voor een 
Nederlandse populatie IC patiënten. Voor deze studie zijn gegevens van 5 ICUs uit 3 
Nederlandse ziekenhuizen gebruikt. De discriminatie, gekwantificeerd met de oppervlakte 
onder de ROC curve, van alle modellen was goed, met name voor APACHE II en SAPS II 
(0.82, 0.81 respectievelijk). De Hosmer Lemeshow Chi-kwadraat, toonde dat alle modellen 
slecht pasten op deze Nederlandse populatie. Dit werd met name veroorzaakt door ziekenhuis 
B welke een significant lagere mortaliteit had dan volgens de modellen berekend was. 
Vanwege de slechte calibratie is een recalibratie van het SAPS II model uitgevoerd, dat wil 
zeggen dat de coëfficiënten van de variabelen uit het SAPS II model met logistische regressie 
op een nieuwe dataset berekend zijn. Dit nieuwe model vertoonde op een onafhankelijke test-
dataset een uitstekende discriminatie en calibratie. Tevens bleek dat ziekenhuis B nog steeds 
een lagere werkelijke mortaliteit had dan verwacht werd volgens het nieuwe model, maar dit 
verschil was niet meer statistisch significant. NICE heeft inmiddels (1-12-1999) 10 
deelnemende ICUs en de belangstelling vanuit andere ICUs is groot. Daarom zal deze studie 
herhaald worden zodra we beschikken over meer gegevens van meer ziekenhuizen. 

Hoofdstuk 5 beschrijft een studie naar de toegevoegde waarde van diagnostische informatie 
in prognostische modellen voor het voorspellen van sterftekansen voor volwassen IC 
patiënten. De huidige prognostische modellen gebruiken met name fysiologische variabelen 
voor het verklaren van de mortaliteit. De APACHE II en III zijn de enige modellen die de 
opnamereden gebruiken als verklarende variabele. Voor deze studie is gebruik gemaakt van 
een dataset van 8057 opnamen van het Britse ICNARC Case Mix Program. Deze dataset 
bevatte alle variabelen voor het berekenen van de UK APACHE II score, gerecalibreerd in 
1992-1993 voor de UK, en de IC opnamereden. De IC opnamereden was gecodeerd met 
behulp van de ICNARC Coding Method, een vijf-niveau's tellend coderingsysteem, 
bestaande uit (1) wel of niet chirurgisch opnamereden; (2) tractus; (3) anatomische locatie; 
(4) pathofysiologisch proces en (5) conditie/ einddiagnose. Deze diagnostische informatie is 
gebruikt in logistische regressieanalyses. De hieruit voortkomende modellen zijn qua 
performance vergeleken met het UK APACHE II model, welke als referentie diende. Tegen 
onze verwachting in bleek een model waarin de 53 APACHE II diagnosegroepen vervangen 
werden door 9 tractussen een betere discriminatie en calibratie te hebben dan de UK 
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APACHE II. Het toevoegen van verdere diagnostische informatie (anatomische locatie of 
pathofysiologische proces) leidde niet tot een betere performance van de modellen. 

Deel twee van dit proefschrift, hoofdstuk 6 tot en met 10, beschouwt instrumenten voor het 
verzamelen en bewerken van gegevens voor de kwaliteitsbewaking van intensive care vanuit 
een medische informatiekundig perspectief. 

Hoofdstuk 6 beschrijft een evaluatie van Patiënt Data Management Systemen (PDMS) in 7 
Nederlandse ICUs. In deze evaluatie is nagegaan in hoeverre bestaande PDMS- configuraties 
overeenkwamen met de in 1992-1994 opgestelde Nederlandse specificaties voor 
informatiesystemen in intensive care. Tijdens deze evaluatie is speciale aandacht besteed aan 
het gebruik van het PDMS voor het extraheren van de minimale dataset voor de landelijke 
database intensive care. De meeste systemen ondersteunden verpleegkundige activiteiten en 
de automatische bedlijst, dat wil zeggen de koppeling met alle apparatuur rondom het IC bed 
zoals monitor, beademingsmachine enz. De ondersteuning van het medisch handelen, 
zorgprotocollen en beslissingsondersteuning waren onderontwikkeld. Het gebruik van het 
PDMS voor de extractie van de minimale dataset was ten tijde van de evaluatie niet optimaal. 
Dit werd veroorzaakt door het gebrek aan gestructureerde dataverzameling, bijvoorbeeld een 
terminologiesysteem voor gestructureerde diagnosenregistratie, en het gebrek aan 
gebruikersvriendelijke data-extractiefaciliteiten. Inmiddels leveren 2 ziekenhuizen de dataset 
aan vanuit hun PDMS. 

In hoofdstuk 7 en 8 wordt een raamwerk voor het "begrijpen" van terminologiesystemen 
beschreven. De hoofdstukken beschrijven onze ervaringen met dit raamwerk bij het toepassen 
op een vijftal bekende terminologiesystemen: ICD-10, NHS Clinical Terms, SNOMED, 
UMLS, GALEN en een terminologiesysteem voor Intensive Care opnameredenen, de 
ICNARC Coding Method. In hoofdstuk 7 zijn het taalgebruik rond en een typologie van 
terminologiesystemen gedefinieerd. Deze typology is zoveel mogelijk gebaseerd op eerder 
werk van de standaardisatieorganisaties ISO en CEN. Hun werk heeft geresulteerd in een 
droge opsomming van definities op dit gebied. Wij achten dit werk belangrijk maar niet 
voldoende. Daarom is in hoofdstuk 7 deze materie uitgebreid met voorbeelden en zijn de 
definities met elkaar in verband gebracht. Tevens zijn de 6 terminologiesystemen volgens de 
typologie benoemd tot "terminologie", "thesaurus", "classificatie", "nomenclatuur" en/of 
"vocabulaire". 
In hoofdstuk 8 is een formalisme beschreven voor het representeren van de structuur van 
terminologiesystemen. Dit formalisme bestaat uit een conceptuele (Entity Relation Diagram) 
en een formele (First Order Logic) component. Met behulp van het formalisme zijn de 
criteria voor terminologiesystemen, opgesteld door Cimino et al en Campbell et al, 
geconceptualiseerd en geformaliseerd. Tevens is het representatieformalisme toegepast om de 
structuur van de zes eerder genoemde terminologiesystemen in kaart te brengen. Deze 
exercitie, het vergelijken van de geconceptualiseerde en geformaliseerde criteria met de 
beschreven structuren van de terminologiesystemen, gaf ons inzicht in de sterke en zwakke 
punten van de bestaande terminologiesystemen. 

Omdat geen van de bestaande terminologiesystemen volledig aan de opgestelde criteria 
voldeed en ook niet voldoende door ons aanpasbaar was, hebben we een nieuw 
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terminologiesysteem voor IC diagnosen ontwikkeld. Het ontwerp van dit systeem is volgens 
het in hoofdstuk 8 beschreven formalisme uitgewerkt in hoofdstuk 9. Het nieuwe 
terminologie systeem moet door de artsen en verpleegkundigen gebruikt kunnen worden 
tijdens het dagelijks behandelproces. Tevens moet het geschikt zijn om onderzoekers en 
managers te ondersteunen in het aggregeren van patiëntengroepen op basis van diagnostische 
informatie. Het ontwerp bestaat uit drie gedeelten: een meta-model, een domeinmodel en een 
IC-domein model. Het meta-model beschrijft concepten, hun relaties en termen in algemene 
zin zoals "een concept wordt door 1 of meer termen beschreven". Het domein model 
beschrijft algemene concepten en hun relaties in het IC- domein, bijvoorbeeld een 
"gezondheidsprobleem is gelokaliseerd in een anatomische lokatie". Het IC-domeinmodel 
wordt gevormd door de invulling van het domeinmodel, bijvoorbeeld "virale hepatitis" met 
haar definities in de vocabulaire, bijvoorbeeld "virale hepatitis is gelokaliseerd in de lever en 
heeft verwekker virus". Het bevat tevens een nomenclatuur voor het gecontroleerd 
samenstellen van nieuwe concepten, bijvoorbeeld "virale hepatitis wordt veroorzaakt door 
{hepatitis virus of Epstein Barr virus of Cytomegalo virus}. 

Hoofdstuk 10 beschrijft een evaluatie van DICE (Diagnosen voor Intensive Care Evaluatie), 
de implementatie van het ontwerp uit hoofdstuk 9. Gedurende 4 weken werden 
opnameredenen op papier verzameld en vervolgens met behulp van de DICE- applicatie 
geregistreerd door twee intensivisten. Uit deze evaluatie bleek dat zowel de modelleur, 
degene die verantwoordelijk is voor het vullen en onderhouden van het domein- en IC-
domeinmodel, als de intensivisten, degenen die diagnosen vastleggen en opvragen, DICE als 
veelbelovend bestempelen. 70% van de diagnosen kon gemakkelijk worden vastgelegd. Het 
registreren van de overige diagnosen verliep moeizamer omdat soms synoniemen ontbraken, 
soms een stukje kennis over het IC-domein niet juist of onvolledig gedefinieerd was. Verder 
bleek dat het gebruikersinterface voor de intensivisten niet intuïtief was bij het registreren 
van een opname na een meervoudige operatieve verrichting, bijvoorbeeld "monitoring na 
CABG en aortaklep vervanging". 
De uit de evaluatie naar voren gekomen problemen worden momenteel opgelost zodat DICE 
op korte termijn in de PDMSen geïntegreerd kan worden. 

Hoofdstuk 11 bediscussieert de bevindingen in dit onderzoek en beschrijft enkele punten voor 
nader onderzoek. 
De uitbreiding van het aantal deelnemende ICUs aan NICE biedt nieuwe mogelijkheden en 
uitdagingen. Meer deelnemers betekent een betere dekking van de Nederlandse intensive care 
geneeskunde en daarmee krijgt het landelijk gemiddelde meer betekenis als benchmark. De 
inclusie van nieuwe deelnemers betekent echter ook dat extra aandacht besteed moet worden 
aan het bewaken van de kwaliteit van de gegevens. De nieuwe deelnemers zijn immers niet 
betrokken geweest bij het definiëren van de minimale dataset. 
Op dit moment zijn de uitkomstmaten binnen NICE beperkt tot IC- en ziekenhuis- mortaliteit 
en ligduur, maar de komende jaren zal ook naar de mortaliteit 1 jaar na IC- ontslag gekeken 
worden. Deze is in tegenstelling tot IC en ziekenhuis mortaliteit niet gevoelig voor 
verschillen in ontslagbeleid. Tevens zullen de uitkomstmaten uitgebreid worden met kosten 
en met kwaliteit van leven. Het opzetten van projecten voor het achterhalen van de oorzaken 
voor de verschillen in uitkomsten in ICUs is een essentiële stap om van de huidige 
kwaliteitsme/z'ng uit te groeien naar kwaliteitsbevordering. 
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Uit hoofdstuk 5 bleek dat het toevoegen van de tractus, anatomische component of 
pathofysiologie van de opnamereden geen toegevoegde waarde had op het voorspellend 
vermogen van de UK APACHE II. Uit verder onderzoek moet blijken of er andere 
verklarende variabelen of specifieke diagnostische categorieën te identificeren zijn die het 
voorspellend vermogen van de prognostische modellen kunnen vergroten. 
DICE zal op korte termijn in gebruik genomen worden zodat de minimale dataset uitgebreid 
kan worden met gedetailleerde en gestructureerde opnameredenen en complicaties. Deze 
informatie is belangrijk voor het inzichtelijk maken en stratificeren van de IC 
patiëntenpopulatie. 

Kwaliteitsbewaking en -bevordering van intensive care is niet eenvoudig door de grote 
diversiteit in opnameredenen, ernst van ziekte en de simultaan toegediende therapieën om de 
ernstig zieke patiënten te behandelen. Gevalideerde prognostische modellen voor het 
voorspellen van een voor ernst van ziekte gecorrigeerde sterftekans en een terminologie
systeem voor het beschrijven van opnameredenen en complicaties zijn belangrijke onderdelen 
van een infrastructuur voor kwaliteitsbewaking en —bevordering van de Nederlandse 
intensive care geneeskunde. 
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Appendix A 

Board of NICE 

G.J. Scheffer (chairman) Thorax center Ignatius Breda 
R.J. Bosman (secretary) Onze Lieve Vrouwe Gasthuis, Amsterdam 
J.C.A Joore, (treasurer) University Hospital Utrecht 
H.H.M. Korsten (treasurer during 1996-1999) Catharina hospital Eindhoven 
E. de Jonge, Academie Medical Center, Amsterdam 
C.J.M. Langenberg, University Hospital Maastricht 
J.M. van de Berg, CBO, the Dutch institute for Health Care Improvement 

Advisory committee 

H.C.M. Baur, Dutch Society of Pulmonary Diseases 
J. Damen, Dutch Society of Anesthesiology 
P.A. de Groote, Stichting "Topklinische Ziekenhuizen" 
P.F. Hulstaert, Dutch Society of Surgery 
Mrs. N.F. de Keizer, Department of Medical Informaties, AMC Amsterdam 
M. Limburg, Department of Medical Informaties, AMC Amsterdam 
J.P.C, de Moei, Association of University Hospital in the Netherlands 
P. de Munck, Dutch Society of Intensive Care Medicine 
A.N. Roos, Dutch Society of Internal Medicine 
H.F. Walta, SIG Health Care Information, Utrecht 
Mrs. J.H.M. Zwetsloot-Schonk, University Hospital Utrecht 

Privacy committee 
J.I. van der Spoel, Onze Lieve Vrouwe Gasthuis Amsterdam 
G. Ramsey, University Hospital Maastricht 
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Dankwoord 

Vier jaar promotieonderzoek zit erop. Al met al kan ik terugkijken op een bijzonder leerzame 
en prettige tijd. Dit is zonder meer te danken aan al die mensen die meedachten tijdens het 
opzetten en uitvoeren van de onderzoeksactiviteiten, maar zeker ook aan de mensen die me 
steunden tijdens de dieptepunten en de hoogtepunten met me meevierden. Allen wil ik 
hiervoor bedanken en een aantal wil ik speciaal noemen. 

Ik had het voorrecht onderzoek te mogen doen onder de bezielende leiding van prof. dr. C.P. 
Stoutenbeek. Helaas heeft hij het afronden van dit proefschrift niet mee mogen maken. Zijn 
visie op de intensive care geneeskunde, de manier waarop haar kwaliteit gemeten en 
bevorderd kan worden en het belang van technieken uit de medische informatica/kunde 
daarbij waren de inspiratie voor het tot stand komen van dit proefschrift. Bovendien liet Chris 
me door zijn enthousiasme zien dat moeilijk te bewandelen paden goed begaanbaar worden 
als je maar in het einddoel gelooft. 

Mijn promotor prof. dr. A. Trouwborst ben ik zeer erkentelijk. Beste Ad, de lijnen waren al 
grotendeels uitgestippeld toen onze paden elkaar kruisten. Niettemin was je inzet in het latere 
stadium voor mij van grote waarde, daarvoor wil ik je hartelijk bedanken. Jij en Chris 
discusieerden veel over kwaliteitsbevordering van de IC en het gehele peri-operatieve zorg 
proces. Dat ik daar aan mee kon en kan werken, beschouw ik als een groot voorrecht. 

Mijn beide co-promotoren, prof.dr. G.J. Bonsel en dr. A.Abu-Hanna ben ik zeer veel dank 
verschuldigd. Beste Gouke, achteraf gezien ben jij een van de weinige constante factoren in 
mijn promotietijd geweest. Soms op de achtergrond, maar altijd beschikbaar als ik je nodig 
had. Van mijn keuze toendertijd om in verband met dit onderzoek van de KEB naar de KIK 
te gaan heb ik nooit spijt gehad, maar dat komt mede omdat ik altijd op jouw methodo
logische en statistische adviezen kon blijven rekenen. Nu jij in het AMC een verdieping naar 
boven verhuist, zal de samenwerking mogelijk minder intensief worden. Onze wegen zijn 
echter vaker uit elkaar gegaan om later weer samen te komen. Ik hoop dat dat ook nu weer 
zal gebeuren, want ik heb veel van je geleerd en weet dat ik nog veel meer van je kan leren. 
Beste Ameen, na het vertrek van Teun Timmers zorgde jij ervoor dat mijn onderzoek 
voldoende wetenschappelijk (medische) informatica gehalte behield. Zuchtend moetje soms 
gedacht hebben dat een medisch informatiekundige zeker geen informaticus is. Ik heb 
vreselijk veel van je geleerd. Voor wat het volgende betreft: 

3!x e mensen rond dit proefschrift 3 y <= Arabische zinnen (Leesbaar (x,y) A Geldig(x,y)) 

.S^li A L > Ol>J &*. tj-fil ,jl (..WU Al u^d .ASJUJIJ J^\J W^1 1 L>*JJ^ C W J^11 ^M -Ó^1 

Alle leden van de promotiecommissie en opponenten, prof. dr. ir. J.H. van Bemmel, prof. dr. 
O. Estévez Uscanga, prof. dr. M. Limburg, dr. K.M. Rowan, dr. G.J. Scheffer, prof. dr. ir. 
J.A.E. Spaan, prof. dr. P.F. de Vries Robbé, dr. J.H.M. Zwetsloot-Schonk, bedank ik voor de 
aandacht die zij aan mijn proefschrift hebben geschonken. Voor sommigen een extra woord: 
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Beste Martien, ik ben blij datje mijn werk hebt willen beoordelen en me de ruimte hebt 
gegeven mijn onderzoek binnen de KIK uit te voeren op de manier zoals ik dat graag wilde. 
Ik voel me bevoorrecht dat ik als UD bij de KIK kan blijven werken en hoop dat de 
vruchtbare samenwerking tussen KIK, IC en NICE verder kan worden benut. 
Dear Kathy, it was a great pleasure to work with you. Your work in the UK at ICNARC has 
always been a motivating example for me. Thank you for all your valuable advice. 
Beste Gert Jan, deze commissie was niet compleet geweest zonder een NICE-er. Ik ben blij 
datje het voorzitterschap van NICE op je genomen hebt na het overlijden van Chris. Hoewel 
we nog veel moeten doen ben ik er van overtuigd dat dit het begin is van een reeks 
waardevolle onderzoeksprojecten waarmee de IC geneeskunde vooruit gebracht kan worden. 
Beste Berti, ik wil je heel hartelijk danken voor het feit datje me destijds op dit project hebt 
binnengehaald en mij zowel tijdens de studie als gedurende deze promotietijd met zoveel 
enthousiasme en verrassende inzichten hebt begeleid. Door jouw vertrek uit het AMC zijn 
onze contacten minder intensief geworden. Maar met dit proefschrift heb ik hopelijk ook aan 
kunnen tonen onder de vleugels van mijn "scientific mother" weg te kunnen vliegen. Ik hoop 
dat we elkaar nog regelmatig binnen of buiten het kleine MI wereldje tegen zullen komen. 

Zoals ik in het voorwoord van dit proefschrift aangaf was de samenwerking met het NICE 
bestuur en de participanten essentieel voor het voltooien van dit proefschrift. Mijn hartelijke 
dank gaat uit naar Rob, Evert, Gert Jan, Hans en Erik maar ook naar alle datamanagers, 
dataverzamelaars en de nieuwe participanten. Ik hoop nog jaren met jullie samen te kunnen 
werken aan NICE. Ik wil speciaal Rob en Evert bedanken voor hun vele tijd en geduld als ik 
als niet-intensivist weer vol vragen zat. Zonder jullie was het niet gelukt. Rob, een betere 
secretaris van NICE om mee samen te werken had ik me niet kunnen wensen. De volgende 
NICE promotie zal op jouw naam komen, daarvan ben ik overtuigd. Ik hoop dat ik je dan net 
zo kan helpen als jij mij hebt geholpen. 

Verder gaat mijn dank uit naar alle collega's bij de afdeling Intensive Care en de Klinische 
Informatiekunde voor de prettige afgelopen vier jaren. 
In het bijzonder wil ik Mary-Anne bedanken voor alle klussen die ze me uit handen nam, de 
steun tijdens de mindere dagen en het consciëntieus doorsturen van de datasets. 
Eric (EZ), het maakte niet uit waar ik mee aan kwam, verspringende paginanummering, 
nieuwe datadefinities of toch maar een andere opzet van de rapportage, je maakte altijd tijd 
voor me. Daarom wil ik je ontzettend bedanken voor alles watje voor mij en NICE hebt 
gedaan en nog steeds doet. Oh ja, ik wil 1 ding niet van je horen: "surie". 
Hilco, oud-kamergenoot, bedankt voor de discusies en gezelligheid. Ik vertrouw erop datje 
eind dit jaar zelf in de Aula verschijnt. 
Ronald, we deelden meer dan een kamer, waaronder onze liefde voor zouthout thee. Voor al 
mijn technische probleempjes wist jij een oplossing of was je op zijn minst bereid die te 
zoeken. Onze vele gesprekken over het onderzoek of anderszins zorgden ervoor dat ik iedere 
dag met plezier naar het AMC kwam. Het zal niet meevallen, maar ik zal proberen de 
komende jaren net zo veel support aan jou te leveren als jij voor mij deed. Je bent geen 
gewone collega maar een echte vriend geworden. Daarom ben ik blij datje als paranimf naast 
me staat op 14 april. 

168 



Onder het mom collega's worden vrienden, zijn er ook vrienden die collega's worden. 
Marian, het was voor mij overduidelijk dat jij mijn andere paranimf moest zijn. Medische 
Informatiekunde zou niet half zo leuk zijn geweest om te (be)studeren als we dat niet samen 
hadden gedaan. Ik hoop dat we nog vele jaren samen plezier beleven aan ons werk maar 
zeker ook daarbuiten. 

Mijn ouders, schoonouders en broer wil ik bedanken voor alle goede zorgen, hulp (jullie 
weten dat huishouden niet mijn sterkste kant is), belangstelling en warmte. 
Lieve pap en mam, de vrijheid die ik kreeg om te studeren en de stimulans om nooit op te 
geven als je ergens aan begint, zijn van onschatbare waarde geweest om dit proefschrift te 
schrijven. Lieve Jeroen, dat je je zusje omtoverde in een kleuter die liever rekende dan met 
poppen speelde was misschien wel het begin van mijn wetenschappelijke carrière. 
Lieve pa en ma, bedankt voor het steeds weer corrigeren van zowel het engelstalige als het 
huishoudelijke werk. Het leek nooit een probleem te zijn om op onmogelijke tijdstippen vele 
pagina's tekst voor mij door te worstelen. 

Tenslotte mijn onmeetbare dank voor Theo. Lieve Theo, jij weet als geen ander dat dit 
promotieonderzoek soms meer van me vroeg dan goed was. Wat er ook gebeurde je bleef me 
altijd steunen en leefde mee met alles wat met NICE en mijn onderzoek te maken had. De 
vele uren die ik in de studeerkamer doorbracht, zouden vele malen minder aangenaam zijn 
geweest zonder jouw betrokkenheid, humor, relativerende houding en bordjes tomatensoep. 
Bedankt voor je vriendschap en liefde en datje er altijd voor me bent! 
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Nicolette Francisca de Keizer is op 3 oktober 1972 geboren in Sliedrecht. In 1990 behaalde 
zij haar VWO diploma aan de christelijke scholengemeenschap De Lage Waard in 
Papendrecht. Aansluitend volgde zij de opleiding Medische Informatiekunde aan de 
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Vanaf september 1994 werkte zij bij het Bureau Medische Informatievoorziening in het 
Academisch Ziekenhuis Leiden waar zij meewerkte aan een project voor het opzetten van een 
management informatiesysteem en een onderzoek van de VAZ naar het adherentie gebied 
van de academische ziekenhuizen. 

Vanaf 1 januari 1995 werkte zij bij de afdeling Klinische Epidemiologie en Biostatistiek. 
Hier deed zij, als vervolg op haar stage bij het PICASSO project (Pediatrie Intensive Care 
Assessment of Outcome, Dr. R.J.B.J. Gemke), onderzoek naar modellen voor het voorspellen 
van kosten van pediatrische intensive care opnamen en de functionele status van kinderen 1 
jaar na ontslag van de pediatrische intensive care. 

Per 1 januari 1996 verhuisde zij binnen het AMC naar de afdeling Klinische 
Informatiekunde om voor 4 jaar onderzoek te doen in het kader van het NICE project 
(Nationale Intensive Care Evaluatie). Binnen het AMC was dit een gezamenlijke activiteit 
van de afdeling Intensive Care, Klinische Informatiekunde en Klinische Epidemiologie en 
Biostatistiek. De resultaten van dit onderzoek zijn beschreven in dit proefschrift. 

Vanaf 1 januari 2000 heeft zij een vast dienstverband bij de afdeling Klinische 
Informatiekunde. Hier zal ze naast onderwijs taken verder werken aan NICE gerelateerde 
onderzoeksvragen. Aandachtsgebieden zijn prognostische modellen vanuit een artificiële 
intelligentie en statistische benadering, terminologiesystemen en kwaliteit verbeterprojecten. 
Zij blijft adviseur van de Stichting NICE. 

In haar vrije tijd maakt Nicolette de Keizer het liefst (verre) reizen samen met Theo 
Jongeneel, met wie zij getrouwd is in 1995. 
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1. Voor het inzichtelijk maken van de effectiviteit en efficiëntie van de Nederlandse Intensive Care 
Units is een continue landelijke Intensive Care registratie te prefereren boven een Randomized 
Clinical Trial. 

2. Initiatief en betrokkenheid vanuit de beroepsgroep is een kritische succesfactor voor het slagen 
van een kwaliteitssysteem. 

3. Door snel te werken aan oplossingen voor de huidige beperkingen in het gebruik van informatie 
uit bestaande informatiesystemen voor kwaliteit van zorg projecten, kunnen de grote voordelen 
van dit gebruik eindelijk optimaal benut worden. 

4. De prognostische modellen zullen opnieuw gevalideerd moeten worden wanneer meer Intensive 
Care Units gegevens aanleveren aan de landelijke Intensive Care registratie. 

5. Een verstoorde fysiologische conditie is van grotere prognostische betekenis dan de Intensive 
Care opnamereden. 

6. Voor het uitvoeren van kwaliteitsstudies binnen de Intensive Care is gestandaardiseerde en 
gedetailleerde informatie over de reden tot Intensive Care opname en over het onderliggend lijden 
essentieel. Deze informatie maakt het mogelijk om de patiëntenpopulatie te stratifïceren en 
homogene patiëntgroepen te selecteren. 

7. NICE is een quality assessment programma en moet spoedig uitgroeien naar een quality 
assurance programma. 

8. Hoewel terminologiesystemen onder andere zijn ontwikkeld voor standaardisatie van het 
taalgebruik in een bepaald domein, is het taalgebruik rond terminologiesystemen zelf alles 
behalve gestandaardiseerd. 

9. Formalisatie en conceptualisatie van een terminologiesysteem helpen een bestaand terminologie 
systeem te begrijpen en nieuwe terminologiesystemen te ontwikkelen. 

10. Het ontbreken van een semantisch model in een terminologiesysteem beperkt de bruikbaarheid 
van de met een dergelijk systeem verzamelde informatie voor medisch wetenschappelijk 
onderzoek. 

11. Remote, intercessory prayer was associated with better CCU outcome. This suggests that prayer 
may be an effective adjunct to standard medical care. 

(Harris et al. Arch Intern Med. 1999;159:2273-2278) 

12. Overheidssubsidie voor NICE is niet alleen noodzakelijk maar ook verdiend, gezien de positieve 
resultaten die reeds behaald zijn. 

13. Onderzoekers op het treintraject Woerden-Amsterdam ondervinden vaak vertraging. Mede door 
deze vertraging worden zij in staat gesteld hun proefschrift tijdig af te ronden. Een zitplaats zou 
de produktiviteit echter nog verder kunnen verhogen. 

14. De regels rond promoties zouden meer gericht moeten zijn op de inhoud dan op de vorm. Dit zou 
veel frustraties voorkomen en zowel de inhoud als de vorm van het onderzoek positief 
beïnvloeden. 

Stellingen behorend bij het proefschrift "An infrastructure for quality assessment in Intensive Care. 
Prognostic models and terminological systems " van Nicolette de Keizer. 
Amsterdam, 14 april 2000. 
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