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Introduction.

A hospital can be compared with a multi-product organization, in which a variety of outputs
-in the sense of 'medical care products' provided to patients- is produced. Health care
providers and hospital managers arc responsible for the effectiveness and efficiency of the
medical care provided. Today, cost control is an important issue in health care policy.
Information on the quality of hospital processes and the outcomes of these processes in
relation to the money spent has become a necessity for modern hospital managers.
Furthermore, information on factors influencing hospital costs is essential for controlling
hospital costs. Hornbrook (1982) has lucidly described the relationship between hospital
costs, health care policy, hospital management and patient care: 'The definition and
measurement of the output of the hospital is a complex, persistent and pervasive problem. It
is a central concern to health policy makers, who must determine ways of improving the
reimbursement mechanisms to provide greater incentives for cost-effective operations of
hospitals; to hospital administrators, who must develop ever more accurate forecasts of
staffing and budget needs in an era of increased cost-consciousness; and to health services
researchers, who must develop better measures of hospital output to advance our
understanding of the determinants of hospital productivity and costliness. To achieve these
goals of predicting, explaining and controlling hospital performance, it is necessary to define
what the hospital produces and to specify appropriate measures. However, quick resolution
of the measurement problem is precluded by the complex, multidimensional nature of
hospital activities, and the multiple objectives of the physicians and patients who use the
hospital'.

Variables to opcrationalize the hospital output have been proposed in a variety of research
settings. Variables representing hospital facilities and services like number of beds, high care
facilities, ambulatory services, mix of medical specialties etc. have frequently been used in
studies to explore cost differences among hospitals (Berry 1970, Berry 1973, Ruchlin 1974,
Van Aert 1977, Van Montfort 1980). However, using these variables places more emphasis
on the characteristics of a hospital organization than on the complexity of the hospital
patient population. Therefore, this approach can be regarded as an easily available surrogate
for measuring hospital output. Other studies have shown that variables reflecting the hospital
case-mix, like number of patients in specific diagnostic groups, surgical groups and age/sex
categories, describe hospital output in a different way. Consequently, case-mix variables will
offer a more precise explanation for differences in costs of medical care (Evans 1971, Lave
1971, Feldstcin 1977, Watts 1980, Klastorin 1980).
Many researchers have dealt with the problem of finding factors that explain cost differences
between and within hospitals. Although they have come to the conclusion that case-mix
variables, like diagnoses and surgical procedures, are more successful in explaining cost
differences than indirect variables describing hospital characteristics such as patient days,
number of beds, hospital facilities etc., they have at the same time reported important
difficulties in measuring the hospital case-mix in an adequate way. First of all, a hospital
population must be defined in terms of patient categories which on the one hand makes
sense to physicians and on the other contains economic relevancy for hospital managers.
Medically relevant patient categories must be homogeneous with respect to costs: patients
who have similar costs patterns must be defined within the same category. Only then, can
the hospital output be defined and measured in an adequate way.

In the past decade several studies have concentrated on the development of patient
classification systems that aim to explain differences in costs between and within hospitals



(sec chapter 2). Such patient classification systems may be applied to several areas within
health care (Groot 1978, Fetter 1980, Ncdcrstigt 1981, Wood 1981, Hornbrook 1982,
Grimaldi 1983 , Fetter 1986, Lichting 1986).

Reimbursement of hospital services.
A very well-known patient classification is the Diagnosis Related Group (DRG)-system
which is used as a prospective reimbursement system for hospitals in the US health care
system. To finance patient care within hospitals, specific reimbursement rates have been
established for each DRG separately. Dcsharnais (1987), and Rosko (1987) have come to the
conclusion that this type of prospective payment system reduces hospital utilization without
resulting in a deterioration in the quality of care. Prince (1987) and Wyszcwianski e.a.
(1987) conclude that an advantage of this form of payment is that it provides an incentive
for belter hospital management ('Managed Care'). On the other hand, adverse consequences
for the US health care system may be that this type of system provides incentives to choose
surgical over medical treatment, or that it leads to selective admission practices or to an
increase in rc-admissions (Omcnn c.a. 1984, Hunt 1988, Slcin 1985, Torf 1989). Roger e.a.
(1990) found that mortality following hospitalization has been unaffected, and improvements in
hospital processes of care that began prior to the prospective payment system have
continued after its introduction, but that the likelihood that a patient will be discharged
in an unstable condition, has increased. Furthermore, the appropriateness of the DRG-
classification as a reimbursement system is questioned: limited information is used in
assigning patients to a DRG; the severity of illness and socio-economic characteristics of
patients are not considered, and the possibilities for data-manipulation arc alarming (Stern
1985, Williams 1984, Simborg 1981. Torf 1989).

In Dutch health care there is no experience with the application of patient classifications
systems to finance hospital care. But at the moment political discussions arc going on to
reorganize the Dutch hospital financing system ('Stelselwijziging Gezondheidszorg'). In the
near future, health insurance companies have to come to an agreement with health care
institutions about the type, amount and costs of the health care that is provided. Application
of a patient classification system may be useful in discussions between health insurance
companies and health care providers.

Hospital applications.
Wuhm a hospital, a patient classification system may have important implications for four
types of application.

Patient classification systems may be helpful in predicting budget requirements, in budget
monitoring and in analyzing differences between budget and actual expenditures. Each type
of patient requires specific medical care. Determination of the expected costs of medical
care for the various types of patients may form a basis for budget allocation for medical
departments and subsequently for ancillary departments. A patient classification may be
especially helpful in budget analysis. Deviations from the budget may by traced to specific
causes such as (a) changes in the number of patients, (b) changes in types of patients (c)
changes in resources used within a patient group or (d) changes in costs of the services
provided to a patient group.
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Historical information about the patient population can help hospitals to develop long-term
plans. Expected changes in the patient population may require specific health care facilities.
Anticipating changes in patient populations with the help of empirical data may contribute to
a timely prediction of the consequences for the hospital.

Patient classification systems can be used to examine resource utilization patterns among
clinically similar groups of patients and to identify patterns that arc atypical. These atypical
patterns can then be further evaluated by means of detailed case analysis.

* mom'/oring //i<» fua/iiy o/care.
Physician performance cannot be assessed appropriately without reference to the types of
diseases treated. If quality criteria arc established for clinically similar groups of patients,
deviations from the standard or norm may be observed and singled out for further inquiry.

Research applications.
Patient classification systems concerning resource use and costs provide detailed data on the
types and amounts of health care services used. Such information may be valuable for
scientific research in health care in addressing such questions as: What procedures arc being
performed in various settings, and how often? What types of patients tend to make more use
of a particular service? What arc the relative costs and outcomes of treating patients in
different settings such as teaching versus non-teaching hospitals? Arc new services replacing
old ones, answering unfulfilled needs, or just duplicating existing services and adding
unnecessary costs? (Lichting 1986).
Another application of such patient classification systems may lie in medical technology
assessment studies. Classifying patients into clinically relevant categories which arc
homogeneous with respect to costs may be seen as a precondition for performing these
evaluation studies. After grouping, costs and effects of medical care may be determined and
compared for each group of patients. Also the effect of changes in medical care (i.e. the
introduction of a new technology) may be evaluated in terms of the direct or long-term
consequences for the total treatment.

Patient classification systems may thus become a powerful instrument applicable in various
areas of health care. During the past decade several researchers have developed
methodologies to classify patients and have established applications for these patient
classification systems within health care.

The study described in this thesis must be placed in the context of the ongoing process to
find ways to classify patients into clinically relevant categories which arc homogeneous with
respect to costs. This study concentrates on the development of a method to classify patients
according to their severity of illness.
In this thesis the following subjects will be described. First, a theoretical view on patient
classification will be given. General criteria for assessing a patient classification system will
be listed (§ 2.1). Well known patient classification systems aimed at predicting or explaining
costs of medical care in hospital settings will be described (§ 2.2). A comparison will be
made between characteristics of these systems reported in literature (§ 2.3). One of the most
well known and widely applied patient classification systems at the moment is the Diagnosis
Related Group (DRG)-systcm. In the Netherlands, and in most other European countries as
well as in the US, studies arc going on to test the feasibility of this system for various
applications within health care. These studies have shown that the DRG-mcthodology fails
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to incorporate the patient's severity of illness even though severity of illness can be expected
to be the most important factor causing differences in costs of medical care.
Subsequently, the research objective of this study will be described. The objective of this
study is to investigate the contribution of the patient's severity of illness to explain cost
differences between patients in the same diagnosis group (§ 3.1 and § 3.2). Two models will
be proposed: one for explaining costs of medical care closely related to the severity
condition of a patient during a specific time period in hospital, and another to determine the
effect of changes in severity of illness on the cost of medical care during the entire hospital
slay (§ 3.3). These models will be applied to one specific patient population (§ 3.4). The
research population has been restricted to DRG's comprising patients with Acute Myocardial
Infarction (AMI).
Next, the patient population and the data collection performed for this study will be
described in chapter 4. The study involves 464 AMI patients admitted to the University
Hospital of Maastricht (the Netherlands) between January 1987 and April 1988.
In chapter 5 a methodology will be proposed to define and operationalize the two most
important research concepts. Attention will be paid to the measurement of costs of medical
care in hospitals: a methodology will be proposed to allocate costs of ancillary departments
to medical care services. Furthermore, a methodology will be proposed to measure the
severity of illness of AMI patients.
Subsequently, in chapter 6, the methodologies proposed will be applied for the research
population. Costs of various types of medical care will be determined and described.
Furthermore, the measurement of the severity of illness will be described. The severity of
several cardiac and cardiovascular deficiencies (coronary stenosis, myocardia] ischemia/
necrosis, rhythm and conduction disorders, heart failure and specific complications) will be
measured by means of specific clinical indicators. A description will also be given of how
severity weights derived from a panel of cardiologists will be used to operationalize severity
of illness into various severity indices.
In the next chapter the empirical relationship between severity of illness-indicators and costs
of medical care will be investigated. The effects of the severity indicators on specific costs
will be investigated using regression analysis techniques. The data analysis will be
performed separately for: costs of thrombolytic therapy ( § 7.2.1), costs of (acute) heart
ealhctcri/alion (§ 7.2.2), costs of (acute) PTC A (§ 7.2.3), length of hospital stay (§ 7.3.1),
costs of coronary care unit (§ 7.3.2), and other costs of medical care (drugs, laboratory
services, electrocardiograms, cchocardiography and exercise tests, § 7.3.3).
The results of the data analysis will be employed to propose a severity of illness
classification for AMI patients which on the one hand contains clinically recognizable
palicnl categories that, on the other hand, arc homogeneous in an economic sense.
Furthermore, an analysis of variance will be made to which degree the new classification
system and the DRG-systcm offer explanations for cost differences (chapter 8). Finally, the
conclusions from this study will be presented in chapter 9.



2. Patient classification systems: a review.

In this chapter general criteria for developing a patient classification system will be listed (§
2.1). Currently used patient classification systems aimed at explaining costs of medical care
in hospital settings will be described (§2.2). A comparison will be made between
characteristics of these systems as reported in the literature (§ 2.3).

2.1. Theoretical background of patient classification
systems.

Each hospitalized patient may be seen as an unique case. Each patient is expected to be
treated on an individual basis depending on his/her specific illness condition. However,
interpretation of the diagnostic procedures physicians use will eventually result in the
definition of the patient's case: the diagnosis labels each patient in a medical sense. The
purpose of a patient classification system is not to classify a patient by this label. It aims to
classify patients on a more aggregated level by clustering them into patient categories based
on similarities between their illness characteristics. Categorizing patients on an aggregated
level may produce information which cannot be detected by examining individual cases or
labels. Patient classification systems must therefore not be regarded as a tool for describing
individual patients but as a tool for describing a hospital population. This enables managers
or researchers to understand and analyze medical care processes given to specific types of
patients.

Although patient classification systems have been applied in various health care studies no
comprehensive theory is available indicating how to measure illness characteristics of a patient
population. Hornbrook (1982) and Wood (1981) have proposed a methodology to evaluate
patient classification systems by specifying general criteria. Each author distinguishes a
number of evaluation criteria, of which some arc partly overlapping (table 2.1.).

Table 2.1 General criteria for patient classification systems.

* /?f/;<j/;/7iry

Vo/i'd/'ry
S<7u/r/Y/ry
Cosf-f/j'i'c/iYfnMj /?Wi<j/>i7iry

The most important criteria mentioned by both authors are the medical mcaningfulncss and
the economic meaningfulness of a patient classification system.
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Medical Meaningfulness/Content Validity.
Both authors explicitly mention that a patient classification system must contain medically
relevant patient categories. Medical mcaningfulncss is defined by Wood as 'the extent to
which knowledge of a patient's case type alone - without other information about the
individual patient - conveys clinical expectations and enables clinicians to exchange
information about those expectations. For a group of clinicians, a medically meaningful
classification stimulates expectations as to the natural history of the disease, the appropriate
ways to manage the case, the prognosis, the likelihood of complications and the risk of
death'. Hornbrook describes this requirement more generally as the content validity of a
system and defines it as 'the representativeness and comprehensiveness of the content of the
measuring instrument. For patient classification systems it refers to the breadth of coverage
of the various case types and the dimensions of the patient population relevant for the
purpose'.

Economic Meaningfulness/Predictive Validity.
The other important requirement for patient classification systems aimed at analyzing costs
of medical care is the economic mcaningfulncss of the patient categories. Wood says that 'a
classification is economically meaningful if, within its case types, the vectors of amounts of
the various goods and services needed for the patient's clinical management are
homogeneous. This means that the patients in any case type use about the same array of
goods and services and that the required amount of any particular good or service is fairly
constant from patient to patient'. Hornbrook describes this as predictive validity which he
defines as 'the ability of the measure to predict some outcome or event that is hypothesized
to be related to the fundamental concepts. Thus, a valid resource-intensity case-mix measure
will predict total hospital costs; a valid length of stay case-mix measure will predict overall
length of stay; and a valid mortality case-mix measure will predict overall death rates.'

Other criteria mentioned by both authors arc the sensitivity and reliability of a classification
system. Sensitivity, as described by Hornbrook refers to 'the ability of a case-mix measure
to discriminate adequately among hospitals with respect to the relevant dimension(s) of their
outputs. How small a difference in the case mix can the index detect?' Reliability as
described by Hornbrook refers to 'the dependability, stability, consistency, predictability and
accuracy of the measurement system. If a measure is reliable, repeated applications of the
measure to the same set of hospitals provide the same or similar results'. According to
Wood, a classification is reliable 'if any patient is placed in the same case type no matter
who or what mechanism is entrusted with the assignment. Two qualities influence
classification reliability: manipulation (of data or by management) and precision (data
quality)'.

Other requirements as described by the authors emphasize more pragmatic issues.
According to Wood a classification must be administratively meaningful if it is to be used
in hospital planning or administration. Wood points out the possibility of using the
classification for internal hospital management. The measure has to correspond with the way
the hospital is organized and has to fit in with other already existing procedures in
measurement. Hornbrook emphasizes this by using the term aeceptability; the users must
believe in the usefulness of the measurement system for policy or administrative purposes.
Wood ulso suggests that a patient classification must be versatile. He suggests that 'its
categories can be put together in different ways to form different uses, specifically
classifications for review of medical care, for administrative control, and for prospective
reimbursement.' Hornbrook describes this as the flexibility of a system, referring to the
property of a measure to be used for multiple purposes.



Hornbook also mentions the cost-effectiveness of a patient classification system. This
criterium relates to 'selecting the least cost method of measurement, without adversely
affecting any of (he other properties of the measure". Wood refers to this as practicality.
Both emphasize the conscious decision a hospital has to make in this matter with respect to
investments and expected benefits in the long run.

The criteria as discussed by both authors can be seen as general guidelines according lo
which a classification system can be evaluated. However, from these general criteria no
fundamental and comprehensive theory for patient classification systems can be derived.
According to Wood a complete theory should suggest various weighting structures and
techniques for mathematically combining cases. Both authors do not make clear how to
distinguish or prioritize their general criteria. It is clear that all criteria can not be fulfilled in
an optimal way within one and the same classification system. Nor do they present ways of
opcrationalizing the criteria. The medical meaningfulncss (or content validity) is, for
example, an issue which is from a methodological point difficult to attain. Clinical
rccognizability may vary from one physician to another. In addition, (he principles of
economic and medical criteria can be counteractive to each other: a patient classification that
is relevant to clinicians need not be economically homogeneous, or a patient grouping used
by economists may be an unrecognizable amalgamation to physicians. Furthermore, the
relative importance of each criterion depends on the specific purpose of a classification
system. A system developed to predict death rates will tend to be less relevant to predict
hospital costs.
In spite of the lack of a complete theory about patient classification systems one may
conclude that at least these general criteria have to be fulfilled as much as possible, Further
conceptualisation in this field is certainly necessary and may contribute to the development
of theories on patient classification systems.
In recent years attempts have been made to develop patient classification systems that may
be useful in analyzing medical care processes; these systems will be described in the next
paragraph.

2.2. Review of patient classification systems.
In this paragraph a number of patient classification systems that have been developed during
the past decade will be reviewed. Only those systems have been selected that are frequently
used in analyzing costs of medical care, or that arc likely to become widely used systems.
Furthermore, only those systems arc described which classify the greater part of the clinical
hospital population. The systems under review arc listed in table 2.2. The systems will be
briefly described in terms of conceptualization, classification method and classifying
variables. For each classification system the criteria used to classify patients with Acute
Myocardial Infarction will be given. In § 2.3. their medical mcaningfulncss/contcnt validity
and their economic mcaningfulncss/prcdictivc validity will be reviewed and evaluated.
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Table 2.2. Review of Patient Classification Systems during last decade.

is /fa/ated* Groups (D/JO /•>»<>/; freeman.

GonW/a
Computerized* SpveWry »ƒ///n«5 f CSA) Worn
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2.2.1. Diagnosis Related Groups.
The DRG-mcthodology was developed by Fetlcr e.a. (1980) at Yale University. Originally,
the Diagnosis Related Groups (DRG)-system was developed for utilization review, but since
19X2 it has been used as a prospective financing system for Medicare patients in the U.S.A..

One of the most important criteria used when developing the DRG-systcm was that each
patient category had to he medically intcrprctablc. The researchers did make use of the
Delphi method with panels of physicians. The panels reached consensus on categories
expected to be medically recognizable. Another important criterion was that (given the
content validity of the categories) each group was expected to have a statistically narrow
range in the distribution of length of stay and costs. Analysis of variance was applied to test
the predictive validity of the length of stay by the system.
In addition some pragmatic criteria were applied: there must be a manageable number of
groups which arc mutually exclusive, the definitions of the group must be exhaustive and the
groups must have sufficient numbers of patients. Furthermore, classes of patients are defined
in terms of variables normally collected and available in hospital medical abstract records,
i.e. computerized discharge data including amongst others diagnoses and surgical procedures
as defined by the International Classification of Diseases. 9-th revision (the ICD-9-cm
coding scheme).

The researchers ended up. in 1981, with a patient classification system containing 467
categories. The classification process is briefly explained by Avcrill e.a. (1986) in the DRG-
Dcfinition Manual: 'The process of forming the DRG's was begun by dividing all possible
principal diagnoses into 23 Major Diagnostic Categories (MDC's). The 23 MDC's were
formed by panels of physicians as the first step toward ensuring that the DRG would be
clinically coherent. The diagnoses for each MDC correspond to a single organ system or
etiology, and are in general associated with a particular medical specialty. Once the MDC's
were defined each MDC was evaluated to identify those additional patient characteristics
which would have a consistent effect on the consumption of hospital resources. Since the
presence of a surgical procedure which required the use of the operating room would have a
significant effect on the type of hospital resources used by a patient, most MDC's were
initially divided into medical and surgical groups. Then, in general, the surgical patients
were further defined based on the precise surgical procedure performed while the medical
patients were further defined based on the precise principal diagnosis for which they were
admitted to (he hospital. Since a patient can have multiple procedures related to their
principal diagnosis during a particular hospital stay, and a patient can be assigned to only
one surgical class, the surgical classes in each MDC were defined in a hierarchical order.



Patients with multiple procedures would be assigned to the surgical class highest in the
hierarchy.
Once the medical and surgical classes for an MDC were formed, each class of patients was
evaluated to determine if complications, co-morbidities or the patient's age would
consistently affect the consumption of hospital resources. The final variable used in the
definition of the DRG's was the patient discharge status. The actual process of forming the
DRG's was highly reiterative, involving a combination of statistics results from test duta
with clinical judgment'.
An example of the classification process for non-surgical patients with Acute Myocardial
Infarction is outlined in figure 2.3. The DRG-system distinguishes three DRG's for these
patients. A list containing specific cardiovascular diagnoses is used to separate complicated
from non-complicated patients. Furthermore, patients who die during hospital stay arc
grouped into a separate DRG.

Figure 2J. DRG-Classification of patients with Acute Myocardial Infarction.
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During a period of more than 10 years (1977 -1991) the DRG-systcm was subjected to
modifications (Me Guire 199(), Health Information Systems 1991). Recently the researchers
have proposed the 'Refined DRG-system' in which the severity of illness is more
specifically included. Surgical and diagnostic categories (Adjacent DRG's) have been
subdivided by sets of specific complications and comorbiditics (Health Systems
Management Group, 1990).
Because of the expected differences in the organization of American and Dutch health care,
a feasibility study for applying DRG's in Dutch health care was carried out (Ncdcrstigt,
1985). Nederstigt recommends that only the American DRG method must be applied, but
that specific Dutch DRG-dcfinitions need to be developed. In that way one will get a patient
classification system that is expected to have more medical relevancy to Dutch clinicians.
The feasibility study took place at three general hospitals in the Netherlands. Most of the
criteria and guidelines used by Fetter e.a. were not changed, except that in the Dutch DRG-
classification a hierarchy in diagnostic categories has also been applied. The variance
explained by the Dutch DRG-system concerning the length of stay turned oul to be similar
to that of the American DRG-systcm. Per MDC the variance explained varied between 5 %
and 70 %. The variance explained in length of stay for surgical DRG's was higher than for
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non-surgical categories. Differences in types of treatment within ambulatory care and
clinical care did account for some improvements in medical mcaningfulness: the same type
of treatment performed as clinical care in the Netherlands may have been performed as
ambulatory care in the U.S. In addition, differences in the definition of pediatrie care caused
some changes. Instead of using the criterion 'age 18 years and older', the Dutch DRG
version, reduced the age criterion to ' 15 years and older'. Some changes occurred as a result
of differences in medical definitions. Particularly in surgical categories changes such as
creating specific new surgical categories or re-allocating operating room procedures within
the existing categories have taken place. In addition, changes were made in the hierarchy of
the surgical categories. In the diagnostic categories specific secondary diagnoses were used
to define the ultimate DRG's (Fetter c.a. also refined the DRG-systcm on the basis of
specific secondary diagnoses). Although the clinical relevance did increase, much
heterogeneity in length of stay within the Dutch diagnostic DRG's still existed. Ncderstigt
(19X5) presumes that this is because the DRG-systcm docs not specifically take into account
the patient's severity of illness.

2.2.2. Patient Management Categories.
Patient Management Categories (PMC's) is a patient classification system developed by W.
Young c.a. at Blue Cross of Western Pennsylvania. PMC's were designed to identify
clinically specific patient types, each requiring a distinct diagnostic and treatment strategy.
The original development of PMC's (Young, 1982) was not only based on medical discharge
data, but also on the reasons for hospital admission. According to Young the principal
discharge diagnosis alone, even if it is accurately identified, cannot reflect what happened
during the patient's hospital stay. Adding other data, such as secondary or multiple
diagnoses and procedures, will not solve the problem. Patient categorization in terms of all
these variables at discharge may result in some sort of clinical similarity at discharge but
dissimilarity with respect to the medical care during hospital stay.
Integrating the admission condition into a classification scheme is, according to Young,
necessary to define groups of patients with similar medical care patterns. For each type of
patient, the typical diagnostic and treatment strategics applied and the resources generally
used within each hospital slay can then be identified.
In summary:
1. the PMC's were developed using admission state and discharge diagnosis;
2. the PMC's were first defined by physicians and then applied in data analysis;
3. for every PMC, Patient Management Paths arc developed which consist of diagnostic and

treatment services for effective care for the typical patient in each PMC.

However, rcccnl developments in the PMC-system have caused some important changes in
the methodology. Because the reason for admission is not always computerized and
commonly available in hospitals, the recently computerized PMC-version only uses
discharge data (The Pittsburgh Research Institute. 1988). It distinguishes about 800 different
categories of which approximately 300 PMC's classify approximately 80 * of a hospital
population.
The PMC-assignment process (Young, 1986) is based on principal and secondary diagnoses
and surgical procedures as coded according to the lCD-9-cm code at the patient's discharge
from hospital. The PMC methodology takes into account the fact that several interrelated
diagnoses often represent one manifestation of a single disease, and do not necessarily
reflect disease complications or co-morbidities. For this reason, combinations of diagnoses
are used to assign a patient to a PMC. The sequence of diagnoses listed on the discharge
abstract is disregarded. A patient may be assigned to more than one PMC if unrelated co-



morbid conditions arc present. Eventually, only a single P M C will be assigned. In order to
determine which P M C should be selected, an order of relative severity and/or difficulty of
management was developed. This allows the assignment of a patient to a single PMC with
the highest severity ranking.

As an example the P M C classification for surgical and non-surgical patients with acute
myocardial infarction is presented in table 2.4. This system dist inguishes eight different
categories of AMI patients while using specific secondary diagnoses, diagnostic tests and
surgical procedures in the classification process.

Table 2.4. Patient Management Categories for patients with acute myocardial infarction.
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2.2.3. Disease Staging.
Disease Staging was developed by Gonclla c.a. (1984) for measuring disease severity.
Severity is defined by Gonclla as the likelihood of death or residual impairment as the result
of a disease, without consideration of treatment. The idea behind 'Staging' is borrowed from
clinical oncology, in which various stages in the course of diseases can be defined. Gonclla
applied this concept to other medical and surgical problems in order to classify all
hospitalized patients. The development of staging criteria was limited to the major diseases
in each etiology-body system class.
According to Gonclla (1984) diseases should be distinguished from health care problems
and conditions. Classifying patients on the basis of conditions and health problems without
considering the underlying causes is not justified. Approximately 420 diseases arc identified
in the Staging process. The diseases arc characterized by four primary categories of
increasing levels of severity:
stage 1: conditions with no complications or problems of minimal severity;
stage 2: problems limited to an organ or system, with a significantly increased risk of

complications over stage 1;
stage 3: multiple site involvement, generalized systemic involvement, poor prognosis;
stage 4: death.

Panels of medical consultants specified the medical staging criteria for the primary stages
and. if necessary, the substages within every primary stage category. Disease Staging
pertains to two related approaches for measuring severity:
(1) Clinical Staging, a method based on a manual review of clinical measurements

documented in the medical record. For each of the 4(X) disease categories clinical
criteria have been developed indicating values (laboratory, radiographic findings, vital
signs, etc.) which characterize the stages and which represent the severity levels within
the disease.



(2) Coded Staging, an automated method based on the coded diagnostic data contained in
the discharge abstract. Each of the criteria defined in the clinical staging method were
converted into 1CD-9-CM codes. Because of the lack of computerized data in most
discharge abstracts such as laboratory findings, changes have been made in the
medical criteria of the Coded Staging System.

The staging concept emphasizes the medical relevancy of the criteria. In patients with
mulliplc non-related diseases the overall severity is captured by the highest stage level of
only one disease. One important condition for applying the Disease Staging method is that
the abstract data must be complete; when one or more secondary diagnoses arc missing the
severity can be underestimated. In the development of the Disease Staging mechanism no
statistical or economic analysis was applied. However, using this classification system to
analyze resource data has demonstrated that there is a relationship between Staging
categories and costs (Conklin 1984, Garg 1978, Louis 1984).

The criteria for clinical and coded Disease Staging of patients with Acute Myocardial
Infarction arc presented in table 2.5. Four primary stages including 10 substages of the
course of the illness of AMI patients have been distinguished.

Table 2.5. Staging criteria in Clinical and Coded Disease Staging for patients with Acute
Myocardial Infarction.
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2,2.4. Computerized Severity of Illness.
The Computerized Severity of Illness-system was developed by Horn e.a, {1986} to measure
{he hospital case mix in relation to the patient's total burden of illness. The Computerized
Severity of Illness <CS1) is determined by clinical criteria such as results from physical
examination and various diagnostic findings. The CSI-system, modeled after the Original
Severity of illness (Horn, 1983,1985), was developed in order to facilitate widespread
collection of severity of illness data.
The CSI classification uses objective signs and symptoms, laboratory values, radiology
findings etc., commonly available in the medical record, to assign a patient into one of four
severity levels. The severity indicators are derived from discussions with medical
consultants, in which morbidity and likelihood of death are used as guiding criteria.
For every ICD-9-cm code, specific sets of clinical criteria have been developed and put into
a matrix, representing a gradation in severity. Several ICD-9-cm diagnostic codes can refer
to one severity matrix. Altogether, more than 7(M) separate criteria sets, corresponding to
over i0.000 ICD-9-cm codes, have been developed. The CSI score can be expressed by an
Admission-score (based on diagnostic findings on admission) and a Maximum-score
(throughout the entire hospital stay). An example of a severity matrix for patients with the
diagnosis Acute Myocartlial infarction is presented in table 2.6. If at least two criteria within
a severity level {column) arc present the patient will get the score belonging to this column.
If one or more diseases are present during the hospital stay, the severity score is established
for each separate disease. A computer algorithm with weighting rules, taking into account
the interactive effects of the conditions, can he applied to produce an overall Computerized
Severity of Illness Index. During the development of the CSI no economic analysis was
performed", the severity criteria and their corresponding severity level were derived from
lengthy sessions with physicians. Use of this classification system to analyze resource data
has demonstrated that there is a relationship between the CSI-scorc(s) and costs (Horn 1086,
Horn 1991).

2.2.5. Acute Physiology And Chronic Health Evaluation.
According to its developers (Wagner e.a., 1984) APACHE II (Acute Physiology and Chronic
Health Evaluation, second version) is a severity of illness classification that employs basic
physiologic measures to stratify patients according to risk of death, independent of the
diagnostic category assigned by physicians. Their original goal was to describe and evaluate
intensive care unit (ICU)-paticnts. Because the system is nol diagnosis-specific they claimed
it could be also be used for other patient populations. APACHE II classifies patients into
severity categories based on diagnostic data, collected early in the course of each hospital
stay (within 24 hours of ICU admission), rather than during or after hospital discharge. The
researchers assume that the patient's severity on admission will reflect the burden of illness
while in hospital, in the most valid way.
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Table 2.6. Computerized severity of illness criteria for patients with Acute Myocardial
Infarction.
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Clinical criteria include: heart rate, blood pressure, temperature, respiratory rate, the
Glasgow Coma Score, five variables obtained from routine blood samples and two variables
obtained from arterial blood tests. The criteria were selected by physicians with regard to
validity and specificity of measures, breadth of vital organ system coverage, objectivity,
reliability and frequency of measurement. The scores on the 12 physiologic variables are
added to form an Acute Physiology Score (APS), described in table 2.7. The full APACHE
11 score for 1CU patients consists of the sum of points for APS. plus weights assigned for
age category and for severely disabling chrome diseases. A patient can maximally be
assigned to a total score of seventy-one points; relatively high scores indicate a high
severity. APACHE II was developed as a means of predicting death or survival during
hospital stay, but data analysis has also shown a relationship between the scores of APACHE
II, total costs of intensive care episodes and total length of hospital slay (Wagner, 1984).
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Table 2.7. Criteria for grouping patients, severity of illness according to APACHE I I .
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2.2.6. The Medical Illness Severity Grouping System.
The Medical Illness Severity Grouping System (MEDISGRPS) is also an admission oriented
severity grouping system developed by Brewstcr c.a. (1985). MEDISGRPS classifies
hospital patients into one of five admission severity groups. It measures changes in severity
over the course of the inpatient stay and monitors the results of the care provided and the
resources consumed. Assignment depends on the reason for admission and the patient's Key
Clinical Findings (KCF's), which arc assumed to be objective indicators of an abnormal
condition. KCF's include laboratory, radiology, pathology and physical examination results.
Approximately 500 KCF's are distinguished in this system. The KCF's were derived by



screening the illness information transfer between the residents at morning call and the
residents coming on duty. It is assumed that during this process, information exchange is
focused on relevant key clinical findings in newly admitted patients. Each KCF is assigned
to a severity level based on the clinical perception of the potential degree of organ failure.
The most severe KCF determines the patient's severity category. If two or more KCF's occur
at the same severity level, the patient is placed into the next highest severity category,
because the outcome and resource use of these patients is assumed to be the same as that of
patients at the higher severity level.
A patient may be categorized into one of five severity categories:
Severity group 0: patients with no KCF's;
Severity group 1: patients with 'minimal findings' indicating a low potential for organ

failure;
Severity group 2: patients with cither acute findings connoting a short time course, with an

unclear potential for organ failure, or severe findings with potential for
future organ failure;

Severity group 3: patients with both acute and severe findings indicating a high potential
for imminent organ failure

Severity group 4: patients with critical findings indicating the presence of organ failure.
Severity group 5: death.

An example of the MEDISGRPS classification for patients with acute myocardial infarction
is presented in table 2.8. Like APACHE II, MEDISGRPS is constructed independently of
the clinical diagnosis of physicians. According to Brcwsicr the KCF's arc the functional
manifestation of the illness and therefore data collection and severity classification are
independent of the final discharge diagnosis. MEDISGRPS therefore provides an indication
of how ill a patient is relative to all other patients, irrespective of the patient's diagnosis.

Table 2.8. Medisgrps criteria for patients with acute myocardial infarction.
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4

Coma



2.3. Evaluative comparison of patient classification
systems.

The patient classification systems presented in the previous paragraphs show a variety of
ways to measure characteristics of a hospital population. The systems differ in goal,
conceptualization, classification variables, classification method, moment of measurement
during stay, number of patient categories, etc.. Because of these differences in goals and
conceptual differences, results and applications may also be expected to be different. All
authors have in common that they want to provide an instrument to measure hospital
population characteristics by means of disease-related variables or indicators in order to
analyze complex hospital care processes. A summary of goals and characteristics of the
patient classification systems under review is presented in table 2.9. In this paragraph an
attempt will be made to compare the medical meaningfulness (the content validity), the
economic meaningfulness (the predictive validity), the reliability and the practicality of
these systems.

Table 2.9. Summarized characterization of six patient classification systems.

Pa»>n/ c/awi/ica- Origi/w/ pu/poif Sou/r^

S M
467*

we

5 M

Staging Assurance

CS/
4/5

A/faïca/ 72 C/inioi/
7/

Africa/
4/5

* the number Is higher in recent releases of the DRCi-grouper.

Medical Meaningfulness/Content Validity.
The requirement for patient classification systems to be medically meaningful is an
important one. The medical meaningfulness of a classification can be defined as the degree
in which a representative panel of physicians from a specific medical specialism may reach
consensus on collapsing a number of similar or adjacent cases into a smaller number of
aggregated patient groups, in such a way that these groups are still recognizable by other
physicians not in the panel. The content validity refers to the degree in which the
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classification covers the range of all relevant medical case types.
However, the purpose of this collapsing procedure is not a medical one: the goals are set by
economists who for instance want to explain costs of medical care, by epidemiologists who
for instance want to explain survival or death of patients, by researchers who for instance
want to compare the efficacy of alternative treatment types or who are interested in the
effects of quality of care on the patient's state of body or mind. The resulting classification
of patients will be different for each goal. It is very important that the classification of
patients is validated by a panel of physicians, so the independence of measurement of the
system in relation to its function is guaranteed.
It can be concluded that all patient classification systems have used clinical expertise to
develop criteria to classify patients. However, it is not always clear which specific rules have
been used by physicians in order to judge the clinical recognizability. It is likely that clinical
recognizability will differ depending on the type of variables used to develop a patient
classification system. More basic clinical indicators such as those used by CSI, APACHE II
and MEDISGRPS may result in other ways of 'recognizing' patient types than the discharge
diagnosis and surgical procedures that arc used by DRG, PMC and Disease Staging.
Regarding the complexity of the matter, very few studies have been performed to judge the
medical mcaningfulncss of a system. In a study conducted at the University of Michigan
(Thomas c.a. 19X6), a panel of physicians did evaluate the clinical mcaningfulncss by
comparing the content validity of PMC, MEDISGRPS, APACHE and Disease Staging. The
panel of physicians rated the clinical credibility of both APACHE II and Clinical Staging as
high. However APACHE II was thought to be more valid as a severity measure for intensive
care palienl.s lhan for general hospital puiicnt.s. The panel expressed reservations about the
credibility of severity systems, such as Coded Disease Staging and PMC's, based on ICD-9-
cm codes. Thomas c.a. (19X9) has evaluated also the construct validity of Apache II, Disease
Staging (Clinical and Coded), MEDISGRPS and PMC's. Severity scores assigned to
characteristics of individual patients by a panel of physicians were compared with the scores
derived from each of the severity systems. MEDISGRPS compared most favorably with the
ratings of the panel, suggesting that its scorc(s) will approximate the information used by
experienced clinicians in evaluating patient's severity. Ranking behind MEDISGRPS in
descending order of construct validity were PMC, Clinical Staging and Apache II. The
construct validity results for Coded Disease Staging were lower than for the other severity
systems. In another study performed by Charbonncau c.a. (1988) it was found that
physicians did not feel comfortable with the concepts of DRG's, particularly with regard to
patients with multiple illnesses. Disease Staging was thought to fit in relatively easily in the
process of evaluating the patient's condition because of its familiarity with oncology. The
idea of PMC's was thought to be more difficult to understand because it docs not explicitly
take the designated principal diagnosis into account in the categorization of patients. On the
other hand. PMC's were found to be more consistent with standard medical nomenclature.

Economic Mraningfulncss/Predictive Validity.
Another important requirement of patient classification systems is the degree in which it is
able to explain medical care costs. A statistical technique which is often applied to measure
the predictive validity is analysis of variance. The degree in which a system is able to
explain variations in the dependent variable (such as length of stay or medical care costs)
can be expressed by the R' or Eta'; the higher these proportions the better the predictive
validity. Results from the studies as described in this paragraph must be interpreted with
care: R' values arc not comparable across studies because they may be influenced by
differences in populations, in opcrationali/ation and measurement and in lime. Results from
u study in which the different classification systems have been applied to the same data set
of AMI patients will be described in table 8.7. (paragraph 8.3).



Various studies (Mitchell e.a.,1984. Mitchell c.a. 1985. West e.a.,1985. Coffcy, 1985. Frank
and Lave. 1985) showed that in general DRG's will explain 16 to 18 percent of the variation
in length of stay or costs in unirimmed data sets (outliers included). Between 26 to 33
percent of the variation in costs will generally be explained in trimmed data sets (outliers
excluded). Within the DRG classification the surgical DRG's will provide most of the
explanatory power. In trimmed data sets surgical DRG's will explain from 48 to 57 percent,
while the nonsurgical DRG's tend to explain only from 7 to 16 percent of the variation in
costs.

The predictive validity of the Computerized Severity of Illness has been tested by Horn
(1987) in patients with 30 common disease conditions in 6 hospitals across the United
States. Analysis of these data showed that five CS1 levels explain 30 % of the variance in
length of stay. When CSI was determined wilhin a group of patients undergoing a specific
operating room procedure the predictive value increased lo 67 percent. In another study
(Horn, 1991) performed in five teaching hospitals using a sample of 2378 patients classified
into 27 high-volume DRG's, it was found that the DRG's explained 27 % of the variance in
length of stay, while DRG's adjusted for admission-CSI-scores explained 38 9(. DRG's
adjusted for maximum-CSI-scores throughout the hospital stay explained 54 % of the
variance.

Comparing Disease Staging with PMC's and DRG's, Calorc (1985) has found thai neither
PMC's nor Disease Staging explain costs better than DRG's. If one distinguishes non-
surgical patients from surgical ones, both PMC's and Disease Staging perform equally well
as DRG's. Coffcy (1985) found similar results and suggests lhat the failure of Disease
Staging to improve on DRG's may be caused by the fact that both rely on the same medical
information. According to Coffcy co-morbidilics and disease-specific seventy indicators
based on ICD-9-cm codes arc insufficient to predict differences in hospital costs. Similar
results were found by Calorc and Ic/./.oni (1987). After controlling for DRG's, both Disease
Staging as well as PMC's add little lo the predictive value regarding costs for cilher
pneumonia or prostatic disease. The authors conclude thai application of cilher system as a
DRG-modificr will not improve on the results of DRG's, but may identify patients wilhin
DRG's that clearly do not belong to that group. Also Charbonncau (1988) concluded thai the
Disease Staging system and the PMC system did not increase statistical homogeneity in
length of stay within some specific DRG's (in this case acute myocardial infarction and
respiratory problems).

Wagner (1984) has studied the relationship between the APACHE-scorc on admission and
the total costs of treatment over the entire course of the ICU stay in 12 hospitals. The APS-
score alone accounted for 38.6 percent of variance explained, and diagnostic variables and
hospital identifiers together accounted for 24 percent of the variance explained regarding
ICU costs. Data analysis for three diagnostic categories (drug overdose, peripheral vascular
surgery and diabetes) has shown that a consistent and substantial increase in costs was
significantly correlated to an increase in APS scores for each of the three diagnostic
categories.

Brcwsler e.a. (1985) have studied the relation between the admission Mcdisgrps-scorc and
costs for abdominal pain and chest pain; the mean total costs for both patient groups increase
significantly for each successive severity group. The same results were found using the
Mcdisgrps-score after 10 days; an increase in severity from admission to the second review
had a significant effect on costs. The researchers also tested the capability of Mcdisgrps to
refine DRG's. The additional variance explained was 44 <# for DRG 140 'angina pectoris'
and 40 * for DRG 243 'medical back problems'. Brcwster indicates that besides the
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admission severity, the increase in severity is an important factor causing cost differences
within DRG's. Iczzoni e.a. (1988) found different results; the admission Medisgrps score
alone explained only 3 % of costs using trimmed data. Addition of Medisgrps score to
DRG's modestly improved the explanatory power for both costs and length of stay. Using
unlrimmcd data the explanatory power was higher. Iezonni suggests that the relatively better
performance among untrimmed cases might result from the ability of admission Medisgrps
score to predict the costs of severely ill outliers. Within individual DRG's the Mcdisgrps-
classificalion on admission explained the variance in costs ranging from 0 to 21 9f>. Iezonni
did not use a second review score in this study. This may account for the differences
between her results and the results found by Brcwstcr.

Thomas c.a. (1986) have compared the predictive validity of four severity measurement
methods: Apache II, Disease Staging (Clinical and Coded), Medisgrps and PMC's. The
study focuses on the explanation of cost variations within a limited number of DRG's. To
obtain a broad representation of cases, adjacent DRG's (ADRG's: diagnosis or surgical
categories not subdivided into DRG's using age or complication and co-morbidity criteria)
rather than single DRG's were chosen. The authors conclude that in almost all ADRG's at
least one of the severity measures (and usually several of the measures) provides higher R*
values than those obtained with DRG's. The increase in variance explained, however, will
vary per severity measure and per ADRG. In a recent study performed by the same author
(Thomas, 1991) APACHE II, Medisgrps, CSI, Disease Staging and PMC's were compared
in terms of how well they arc able to explain variations in observed costs among patients.
All severity systems were found to improve on DRG's for some types of cases, but to offer
little or no improvement in others. Indicators of maximum severity, especially maximum
CSI, did explain greater proportions of cost variation than measures of admission severity
and measures based on discharge abstracts.

Reliability and practicality.
In two articles by Thomas c.a. (1986,1989) the inter-rater reliability of four severity
measures (Apache II, Disease Staging (Clinical and Coded). Medisgrps and PMC's) as well
as the potential for measurement error have been examined. The highest observed reliability
was achieved by Apache II and Medisgrps. Clinical Disease Staging was found to be more
reliable than Coded Disease Staging and PMC. Remarkable is that the latter two systems
which were found to be relatively more unreliable, arc the ones which use medical discharge
data exclusively.
Results of the comparison for the potential for measurement error showed that Apache II
and Clinical Staging were viewed as relatively less erroneous. Measurement error in
patients' discharge records by listing additional diagnoses and/or procedures, in cither
Coded Disease Staging or PMC's is likely to be no larger than that in DRG's.
The same authors have also compared the more practical issue of the costs of
implementation and operation of patient classification systems. Their conclusions arc that
neither Coded Disease Staging nor PMC's have any additional time requirement over that
required for the discharge abstract. Apache II requires about 11 minutes and Clinical Staging
required about 12. The admission review with Medisgrps required on average 16 minutes
per record. Computer processing costs of PMC's and Coded Disease Staging arc negligible
and no additional data entry is required. Medisgrps, Apache II and Clinical Staging do
require computer processing time for data entry but costs arc supposed to be relatively low.
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Conclusions.
Examining and evaluating the patient classification systems described in literature one may
conclude that each system has advantages and disadvantages. Generally speaking a major
distinction can be made between (1) illness-specific classification systems that classify
patients by discharge data; their original purpose is prediction of length of stay and/or costs
of medical care and (2) severity of illness classifications based on specific clinical
indicators, originally developed to predict mortality; these systems are used for quality
assurance programs.
Patient classification systems relatively easy to apply because of their use of computerized
discharge variables (DRG's, PMC's and Coded Disease Staging) will predict variations in
hospital cost to some extent. The predictive power turns out to be much higher for surgical
patients than for diagnostic (non-surgical) patients. Severity measures using clinical
indicators (such as CS1, Medisgrps and Apache II) may sometimes improve cost prediction,
although these systems were originally not developed for this purpose. Measurement of
changes in a patient's severity of illness during hospital stay may contribute even more to
the explanation of costs than one unique, period-bound score intended to represent a
patient's severity of illness during his or her whole hospital stay. Assuming (hat the severity
of illness is useful in explaining variations in cost amongst patients it is reasonable to expect
that its value will be greatest when examining patients with similar medical conditions. It
may be assumed that the addition of a severity measure based on (he results of clinical
findings will improve the explanatory power of patient classification systems, which are
based on medical discharge data.

The various severity criteria used in severity systems arc mainly derived from sessions with
panels of physicians in order to predict mortality. Studies in which sets of severity indicators
themselves are also empirically tested to explain costs of medical care arc rare. It is likely
that within a similar diagnosis group, mortality or quality of care will be explained by other
severity indicators than those explaining costs of medical care. As can be seen from the
examples of classifying patients with acute myocardial infarction, these systems each use
different severity criteria to categorize patients into a group. It may be concluded that
severity of illness is not an absolute or universal notion and much is still unclear about how
to define and opcrationalizc this rather complex concept.
The measurement of severity of illness in relation to costs of medical care must be seen as
an ongoing process which will cost years of study and analysis by many researchers. In the
forthcoming chapters an attempt will be made to measure this concept for patients with
Acute Myocardial Infarction (AMI). The severity of illness will be defined and opcralionalizcd
independently of already existing systems. We feel that systems that arc not originally
developed for cost explanation arc less suitable in the context of this study. So we have made a
fresh start at defining and measuring severity of illness. In the forthcoming chapters relations
between the severity of illness and cost of medical care will be investigated and finally a
Severity of Illness classification specifically developed to explain cost of medical care in AMI
patients will be proposed.





cnnr roste

3. Explanation of medical care costs.

3.1. Study objective and definition of problem.
A precondition for setting up models for medical management is having insight into the
factors that will cause cost differences in medical care. These factors will be manifold.
It is very plausible that illness characteristics of a patient arc the most important factors
causing costs differences between clinical patients. Next to this, factors not related to the
patient's illness may produce cost differences. Characteristics of internal hospital processes
or the way in which hospital and medical departments arc organized may also be responsible
for cost differences. In addition, there may be external factors responsible for cost
differences. The medical care given in hospital is only part of the overall care given to a
patient. Other types of care arc provided by health care facilities like home care, general
practitioners, ambulatory care and long term facilities. The extent to which health care was
provided by other health care facilities outside the hospital will influence the medical care
that patients receive in hospital (Van de Ven c.a., 1980).

The main interest of this study is to explain differences in costs of medical care caused by
illness characteristics of clinical patients. Classification of patients in terms of their illness
may be seen as an important step toward reaching this goal. Literature (sec chapter 2)
reveals that patient classification systems using discharge diagnosis and surgical procedures
do not quite succeed in achieving a high level of homogeneity in medical care costs within
defined patient categories. Economic homogeneity is generally considered to be an
important goal for evaluating the accomplishments of a classification system. Literature also
indicates that once a patient group has been delineated, more sophisticated instruments
which aim to measure a patient's severity of illness may increase the homogeneity of costs.

It is plausible that the typical medical deficiencies of a patient play a central role in the
explanation of cost differences within patient groups defined by diagnosis. Thus, a patient
classification system should place the characteristics of a patient regarding his/her typical
medical deficiencies in a more prominent position. However, a person's illness condition
may change during hospitalization as a result of 'natural' autonomous processes or in
response to medical treatment. A prior illness condition will, for example, be followed by
certain medical care (and medical care costs). This medical care will generally ameliorate
the condition of a patient in a next phase. The cyclic character of the causal relations
between severity of illness and (costs of) medical care is presented in diagram 3.1.

The dynamics of change in the severity of illness may follow certain patterns in specific groups
of patients. For instance, patients may be severely ill on admission but may not develop
complications during hospitalization. Other patients may initially have a moderately severe
condition, but may develop severe complications. Consequently, a different process of
diagnostics and treatment will be part of the patient's hospital stay. The illness condition of a
patient and the changes therein during hospitalization may be seen as the most important factor
for differences in costs. Therefore, a longitudinal, dynamic model describing the patient's stay
will be appropriate in order to study the severity of illness in relation to medical care costs.
Although some of the severity systems described earlier may have found ways to incorporate
changes in severity of illness during hospital stay, they generally fail to do this in a reliable and
valid fashion. In these systems patients arc assigned to severity levels based on a set of global
physiological indicators. Severity of illness is usually measured by a unidimcnsional index
using the patient 's most deviating scores on certain severity indicators. The mutual
relationships between the severity indicators are not medically validated; the individual
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effects of specific severity indicators on specific costs are also not empirically analyzed or
tested.

Diagram 3.1. Dynamic causal model or relations between severity of illness and costs of
medical care during hospital stay for pre-determined diagnosis groups.
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It is assumed that measurement models which, first of all, specify the interrelations between
medically defined indicators of severity of illness offer a better approach to explaining cost
differences. Subsequently, these measurement models should be condensed and trimmed by
economists to be used in the explanation of costs during hospital stay. This latter process
should be done without impairing the medical meaning of the indicators and should result in
a more refined and flexible classification of patients.

The objective of this study is to investigate the factors which may explain the differences in
costs between clinical patients with similar discharge diagnoses. Applying a longitudinal
mullivuriulc model of explanation is assumed to be effective in reducing the heterogeneity of
costs within patients with similar discharge diagnoses. The DRG-system will be used to
categorize patients into discharge diagnosis groups. For a selected number of DRG's the
effects of severity of illness on differences in costs of medical care during hospitalization
will be investigated. In a dynamic model, relations arc hypothesized between, on the one
hand the different indicators describing the severity of illness of a patient, and on the other
hand costs of medical care in hospital. By using a flexible and dynamic definition of
Severity of Illness, a new patient classification system will result, aimed at explaining
differences in costs in a more detailed and clinically valid way.
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3.2. Factors which explain differences in medical care
costs.

In general, medical care costs for clinical patients can he divided into three major cost
categories: treatment costs, diagnostic costs and nursing costs. The classification using (1)
severity of illness may have different effects on each of these costs categories. But next to
this, (2) background characteristics (3) contra-indications for treatment, (4) research
protocols and (S) admission and discharge characteristics of patients are also assumed to
play an important role in explaining differences in costs.

1. Severity of Illness.
At present, diagnosis groups are specified after discharge according to the international
Classification of Diseases, 9th revision, clinical modification, (ICD-9-cm) coding scheme.
These codes are used to categorize patients according to the DRG classification. However,
the retrospectively given codes obviously fail to measure a patient's total burden of illness
during hospital slay in an adequate and valid way. Diagnosis codes do not take into account
the periodical changes in a patient's health state during hospital stay. The classification
process places the patient into a category, which crudely summarizes the severity of illness.
The patient's complications or co-morbidities (secondary diagnoses) arc not sufficient to
describe the severity of illness. A better approach to defining a patient's total burden of
illness during hospital stay would be provided by a severity of illness classification defined
in terms of a time-dynamic set of scores that deviate from 'normal' on a complex of
clinically interrelated medical deficiencies. The deviations from 'normality' may be
weighted by a panel of physicians. A high score on a weighted index will correspond with a
more severe illness condition. It stands to reason that in comparison with relatively mild
cases, more severe cases are medically complex (have higher scores for many deficiencies)
and have a relatively bad prognosis. Consequently, patients with more severe conditions
may need more intensive medical care, and may have a longer hospital stay. In both
instances, this will produce higher costs of care.
Most costs in medical care are generated by the diagnostic or treatment policy of the
physicians. It may be assumed that the physicians' decisions in these matters arc eventually
caused by and based on severity characteristics of patients. In other words: a severity of
illness classification will explain the differences in costs of medical care between patients
more successfully than the DRG-classification.

2. Background characteristics of patients.
Clinical patients will differ in their prc-hospital medical history or in individual characteristics. From a
clinical point of view, a patient's medical history before hospital admission (including
former hospital stay) may require the physician to pay special medical attention to that
patient. For example: in comparison to other patients, patients with chronic deficiencies like
diabetes mcllitus will need special care when they arc admitted to hospital. In addition to
this, individual patient characteristics may influence a physician's decision policy in
providing care. Differences may exist between costs for young patients and old patients with
the same medical problem. Ultimately, a thorough understanding of the severity of illness
during hospital stay can only be acquired if one takes into account the complex interplay
between decision making policy (protocol) and these patient characteristics. Thus, the
conclusions from above may be stated as follows: specific background characteristics of
patients may also be responsible for differences in medical care costs, given their severity of
illness.



3. Contra-indications for medical treatment.
Specific patient characteristics, such as high-risk indications, may restrict a physician's
decision to provide certain care. These restrictions from specific medical care will be
applied if a patient has one or more so-called contra-indications. Contra-indications may be
connected to specific individual patient characteristics or events in the individual medical
history. Consequently, it may be concluded that contra-indications for diagnostic or
therapeutic services will constrain or preclude specific care to be given to a patient. In such
instances, cost of medical care may be relatively low, in spite of the patient's severity of
illness.

4. Research protocols.
In many university hospitals clinical trials arc held in combination with (or next to) patient
care. If patients participate in such research projects, a specific research protocol has to be
followed. Consequently, for these patients the costs of diagnostic tests and medical treatment
may differ, in type and amount, from treatment or tests given to patients not in the research
project. In other words: costs of medical care may vary between patients with similar
diagnosis depending on the patients' involvement in and compliance to a specific research
protocol. Enrollment of patients in a research project may partly be responsible for
differences in costs of medical care, regardless of the patient's severity of illness.

5. .Admission and discharge characteristics of patients.
The way patients enter and leave the hospital will differ from one patient to another. If
patients arc transferred from other hospitals, they will generally have lower costs than
patients who arc admitted regularly or who come in by ambulance. Patients will show
differences in discharge too: if patients arc transferred to other departments of the same
hospital their costs at the admission department will generally be lower than patients who
have a 'regular' discharge. Also individual decision making of physicians to discharge a
patient may vary from patient to patient.
When patients die during hospital stay, they will generally have lower costs than non-
deceased patients. The purpose of this study is, among others, to develop a severity of illness
classification which explains costs of medical care. Such a classification is not intended or
fit to explain a non-regular admission or discharge (like mortality). Thus, characteristics of
moment of admission to and discharge from the hospital may be seen as additional factors in
costs explanation.
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3.3. Models for explaining differences in medical care
costs.

Il may be clear from the above that many factors relevant for explanation must be included
in the analysis of the problem; usually this is done in multivariatc models. In the
development of such cost-explanation models several methodological issues have to be
considered. A patient's condition, measured in terms of his/her severity of illness, will be
subject to changes during hospital stay as a result of autonomous processes or medical
treatment. The objective of this study is to develop a model which will explain medical care
costs in terms of the possible changes in severity of illness. The steps in a physician's
decision-making process as well as the patient's changing condition will have to be
translated into the model's concepts. To realize this objective the model should be
representative for the illness condition of the patients in all relevant time periods during
hospital stay. With these considerations in mind, two different models aimed ut explaining
differences in costs of medical care arc proposed. Firstly a period-specific model will be
presented which can be seen as a specification of the model in Diagram 3.1, and secondly u
dynamic model for the whole stay will be given. Both models will be used to analy/.c
differences in medical care costs for patients with acute myocardial infarction (sec chapter
7).

(1) A model explaining differences in period-specific costs of medical care using a
period-specific Severity of Illness definition.

The first model (diagram 3.2) explains differences in period-specific costs of medical care
by a patient's period-specific severity of illness. In this model the hospital stay has been
divided into several time periods (0-2). The number of time periods will strongly depend on
the type of illness within a patient population (for instance chronic versus acute illness). For
each time period costs of medical care arc distinguished into diagnostic costs and treatment
costs. It is assumed that the costs for the first diagnostic investigations will depend only on
the direct cause of admission. The provision (and costs) of medical treatment on admission
may be directly dependent on the patient's severity of illness on admission and on specific
indications or contra-indications. Costs for further diagnostic investigations will be
influenced by the severity of illness at admission and the given medical treatment. Contra-
indications are assumed to affect costs of treatment in every period, regardless of the
patient's severity of illness. Costs for additional medical treatment in a next phase of
hospital stay may be explained on the same basis. It is also expected that former medical
treatment and the period-specific severity condition of a patient will form the basis upon
which a physician makes decisions. If patients are admitted to a research project in which a
specific research protocol has to be followed, this will constrain the physician's freedom of
choice in diagnostics or treatment.



Diagram 3.2. Period-specific model explaining differences in costs of medical care during
hospital stay for pre-determined diagnosis group(s).
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This model concentrates on period-specific analyses of costs; costs made within a certain
time-period during a hospital stay arc explained on the basis of a period-specific severity of
illness. This approach is relevant if medical care costs can be ascribed to a specific lime
period within the hospital stay. However, if costs of medical care pertain to the entire
hospital stay, this model will be too laborious. Consequently, an aggregated model for the
total hospital stay is also proposed.

(2) A model explaining differences in costs of medical care during total hospital stay
using a dynamic Severity of Illness definition.

The second model (diagram 3.3) explains differences in total costs of medical care by a
dynamic definition of severity of illness. The illness condition of a patient and the changes
therein during hospital stay may be seen as the most important causal factor for differences
in costs of medical care accumulated over all periods of hospital stay. Patients, with a similar
diagnosis may show different courses of illness during their hospital slay. If the severity of
the illness is measured repeatedly over several time periods, a severity pattern may be
established for each patient. Patients with similar severity patterns may be grouped into the
same severity category. This severity category then will summarize the degree of severity
plus the (possible) changes herein during hospital stay. In this case we will speak of a
dynamic Severity of Illness grouping. These severity categories may explain differences in
the accumulated total costs of diagnostic procedures, medical treatment and nursing care
during hospital stay. Possible influences of background characteristics, local research
protocols, contra-indicalions and type of admission and discharge are taken into account in
the same way as in the first model.
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Diagram 3.3. Model explaining differences in summarized costs of medical care during total
hospital stay for pre-determined diagnosis gn>up(s).
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3.4. Adaptation of the models to patients with Acute
Myocardial Infarction (AMI).

Hospital Time periods.

To assess the effects of severity of illness in relation to hospital costs it is proposed to divide
the patients' hospital stay in specific hospital time periods. The way the time periods will be
distinguished may be very crucial for period-specific costs analysis and the establishment of
a dynamic severity of illness classification.
This study concentrates on patients with acute myocardial infarction who have not
undergone cardiac surgery during hospital stay. For a full description of the patient
population sec chapter 4. Establishing the length of the lime periods is strongly dependent
on the type of patients under investigation. The patient population in question is
characterized by an acute and sometimes life-threatening situation. From sessions with
cardiologists it was concluded that the hospitali/.ation period of these patients can be
distinguished into four different phases:

(0): 77if acute p/ja.1* o/ myoca/tfia/ m
When a patient with suspected myocardial infarction is admitted to hospital, the first hours
of symptom appearance are very crucial. Diagnostic tests are performed to ascertain the
patient's type of diagnosis and severity of illness. Next, medical intervention will be
performed. One of the most important interventions is the administration of thrombolytic
drugs which may have a dramatic impact on the course of the illness. This intervention is
only effective, if applied within the first six hours of symptom appearance. There may be a
delay between the acute symptom appearance and the moment of admission in hospital, but
this is very difficult, if not impossible, to measure. For reasons of practicality the first six
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hours after admission to the hospital will be defined as the acute phase of the infarction. If
patients arc already hospitali/.cd the first six hours after typical ischemic pain will be
relevant.

The evaluation phase is defined as the period starting from six hours and ending three days
after the moment of hospital admission (or ischemic pain during hospital stay). During this
period the severity of myocardial infarction is expected to become clinically manifest.
Patients will normally stay monitored intensively in a coronary care unit during this period.
Further specific diagnostics may be applied to assess the magnitude and impact of the
infarction.

/ / /
The first follow-up phase starts after three days and ends ten days after the patient's moment
of hospital admission (or ischemic pain). During this period patients are generally placed in
medium or low care wards. Specific tests may be applied to exclude any risks of post-
infarction complications. In case of a minor infarction, and if there appear to be no further
complications, patients arc normally discharged from hospital within this period.

The second follow-up phase theoretically starts ten days after the moment of hospital
admission (or ischemic pain) and ends when the patient is discharged from hospital or is
transferred to another medical department in the same hospital (sec 4.2). It is assumed that
these patients will develop complications during their hospital stay.

Thus, hospital stay for Acute Myocardial Infarction-patients is divided into four hospital
time periods: the acute phase of infarction (henceforth TO), the evaluation phase (henceforth
Tl) the first follow-up phase (henceforth T2), and the second follow-up phase (henceforth
T3). These four hospital time periods will be incorporated into the general models
explaining hospital costs (figure 3.2 and 3.3).

Medical care costs.

The major objective of this study is to investigate the relation between severity of illness
indicators in patients with myocardial infarction and costs of medical care. Patients with
myocardial infarction will generally receive various types of medical care. Diagnostic
procedures mainly consist of laboratory tests, elcctrocardiographic tests (ECG's), heart
cathctcrization, cchocardiography and exercise tests. Major medical interventions such as
administration of drugs (amongst others thrombolytic therapy) and performance of
Percutaneous Transluminal Coronary Angioplasty (PTCA or dottcring) may take place. The
length of the patient's stay in hospital may be seen as an indicator for nursing care costs.
Nursing care costs may be extra high, if patients stay at the Coronary Care Unit (CCU). The
measurement of medical care costs for the patient population at hand is described
extensively in chapter 6.

The relation between the individual patient's background characteristics, contra-indications,
enrollment in medical trials, type of admission and discharge and the patient's severity of
illness for AMI patients will be empirically analyzed for different types of costs. In chapter 5
and 6 the models discussed in the previous paragraph (figures 3.2 and 3.3) will be further
specified and operationalizcd for patients with acute myocardial infarction. In chapter 7, the
relations as described in this chapter will be investigated and analyzed.
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4. Patient population and data collection.

4.1. Patient population.
The survey population consists of patients admitted to and discharged from the Department
of Cardiology of the University Hospital Maastricht between the first of January 1987, and
the 30-th of April 1988. Patients were retrospectively selected from the Diagnosis Related
Groups System, categorized in the DRG's 'Acute Myocardial Infarction" (DRG 121. 122
and 123). These three DRG's arc defined as hospital admissions of patients with a primary
or secondary diagnosis of acute myocardial infarction, in which no cardiac surgery was
performed during hospital stay'. Patients with cardiovascular complications (like heart
failure, rhythm and conduction disorders) arc calcgori/cd as DRG 121 'Complicated AMI';
patients having no other cardiovascular problems are categorized in DRG 122 'Non-
complicatcd AMI'. Patients, who died during hospital stay arc grouped under DRG 123
'AMI deceased'.
In total 557 hospital admissions were categorized into these three DRG's. For patients with
multiple hospital stays during the investigated period only the last hospital stay was taken
into account (n=10, 1.8 9f-). This was done because the unit of observation and analysis of
this study is the patient and not the admission (period). The aim is to investigate differences
between patients rather than differences between hospital admissions. During the clinical
data collection (see § 4.3) it appeared that a total of 49 patients (8.8 9f) had incomplete or
missing medical records; they had to be excluded from further study. There were 6 patients
(1.1 %) who were admitted and discharged by departments other than cardiology; they were
aAso excluded. For ihe remaining patient population close observation of the medical record
revealed that 28 patients (5.0 %) were misclassificd as DRG's 121, 122 or 123, because of
coding errors or inappropriate diagnosis. The most frequently found errors were:

patients with unstable angina pectoris were coded as having acute myocardial
infarction (n= 17);
patients with an old myocardial infarction were coded as having acute myocardial
infarction (n=7);
patients with suspected acute myocardial infarction as recorded in medical record
abstracts, but whose diagnosis was not confirmed in the patient's medical record (n=4).

In total 464 patients (83.3 %) of the original patient population as defined by the DRG's
were investigated. About 30 % of them were women with a mean average age of 68.1 years
and 70 % were men with a mean age of 60.5 years. The patients had a mean length of stay of
11.5 days with large variations between patients (std.dcv. 9.6). A large group of 310 patients
(66.8 %) was classified as DRG 122 'Non-complicated AMI' with a mean length of stay of
10.1 days (std.dev =4.7). The second largest group of 102 patients (22.0 9f) was classified as
DRG 121 'Complicated AMI' with a mean length of stay of 18.1 days (std.dev.= 16.1). The
smallest group of 52 patients (11.2 %) died during hospital stay and were grouped under
DRG 123 'AMI deceased' with a mean length of stay of 6.4 days (std.dcv=7.7).

4.2. Hospitalization characteristics of the patient
population.

The way patients enter and leave the cardiology department may differ from one patient to
the next. Hospitalization flow characteristics for the patient population at hand are presented
in figure 4.1. The hospital stay at the cardiology department is divided into four time periods

' Patients with cardiac surgery are placed in other DRG's. Costs of these patients must be analyzed separately
from patients who had not have surgery.
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(TO to T3) as defined in our model of explanation. The first period (TO) concerns the first six
hours of stay during acute myocardial infarction. Almost all patients in the population
(n=447) were admitted to the hospital during this period. A sub-group of them, namely 14
patients, was already staying in hospital. During the first six hours of the infarction 10 of the
447 patients died. In the second time period (Tl) 6 'new' patients entered the cardiology
department. The latter group of patients came from other hospitals: they were admitted after
the acute phase of the infarction. In total 28 patients 'left' the department in this period: 19
patients died, 3 patients were transferred to other departments, and 6 patients were
discharged from hospital. Between 3 days and 10 days after the infarction (period T2)
another 8 patients were admitted to the cardiology department. In this same period a large
group of patients (n=238) was regularly discharged from hospital, 14 patients died and 4
patients were transferred to other departments. 167 patients stayed longer than 10 days
(period T3), while 3 patients were admitted from other hospitals at a later stage in the
infarction. The majority of these patients (n=162) were discharged from hospital; in this
period 7 patients died and only 1 patient was transferred to another department.

Figure 4.1. llospltull/.atlon flow characteristics of patient population.
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AMI patients arc usually admitted to the hospital in the regular way: they enter the hospital
directly arriving from non-hospital environment (home, work, etc.)- Some patients may get
the infarction while already in hospital. Patients may also enter the hospital via other
hospitals during various stages of their illness. For the patient population, the type of
admission was specified as: 'from home', 'already in hospital* and 'admitted via another
hospital*. If patients already were in hospital when they began to show symptoms of an
acute infarction this was indicated with a special variable (ADINT0; internal admission in
TO). Furthermore, if patients were admitted via another hospital, the stage in the infarction
upon entering the hospital was important. A distinction was made between patients entering
the hospital during the evaluation phase of the infarction (Tl), the first follow-up phase (T2)
and the second follow up phase (T3). For the patients entering the hospital in this irregular
way, separate variables were constructed (ADEXTl: admission external in Tl, ADEXT2:
admission external in T2 and ADEXT3: admission external in T3)
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The majority of the patients were discharged from the cardiology department in the regular
way (during T2). Patients with a non-regular discharge were characterized respectively by
variables HOME1 (discharged to home within three days) and H0ME3 (discharged to home
after 10 days). Due to the severity of AMI it was assumed that no patient would be
discharged during the acute phase (TO). Patients might also have been transferred to another
medical department in the same hospital. In this case, the moment of transfer was
characterized by the following variables: TRANS 1: transferred during Tl , TRANS2:
transferred during T2 and TRANS3: transferred during T3. For deceased patients also
separate variables were constructed namely: DEATHO; deceased during TO. DEATH 1:
deceased during Tl. DEATH2: deceased during T2 and DEATH3; deceased during T3.

4.3. Data collection.
Two basic sources were used to obtain the necessary data in this study: computerized data
from the hospital administration departments and non-computerized data from medical
records of patients.

The computerized data collection comprises partly medical discharge vuriablcs and partly
billing variables.
Medical discharge variables have been collected in Dutch hospitals during the past decades
and are used for general and specific hospital purposes. In the majority of Dutch hospitals
these data are registered and coded according to national guidelines from the 'Landelijke
Medische Registratie' (LMR registration). For every hospital admission there is a medical
abstract record which contains information on general and specific patient characteristics
(e.g.: age and sex), clinical characteristics (e.g.: diagnosis and surgical procedures), medical
specialty (e.g.: admission and discharge specialty) and hospital stay (e.g.: length of stay).
These data are collected by trained medical record personnel from the physician's discharge
letter and from information in the patient's medical record. Some of this information is used
for categorizing patients into DRG's according to the 1985 version of the Yale DRG-
groupcr. Finally, the patient abstract record is extended with specific DRG variables like the
MDC code (Major Diagnostic Category) and the DRG-codc (Diagnosis Related Group).

The computerized billing variables measure the type and amount of resources consumed
during an episode of patient care. The hospital billing administration office normally sends
out bills or submits claims for payment to insurance companies. All hospital activities that
can be charged arc collected, coded and entered into the billing system. For this survey, the
billing records arc converted into individual patient-resource records to obtain information
on the resource use per patient. Subsequently the number and type of services arc calculated
for each patient.

The repository of clinical information in a hospital is the patient's medical record. While a
patient is in hospital, physicians and nurses enter clinical and other information into the
patient's record. Transfers among hospital departments, laboratory test results, operating
room notes, medication orders, standardized anamnesis forms and all other relevant clinical
information of a patient are gathered in the medical record. The patient's medical record is a
handwritten and/or typed documentation file in which several papers, documents and reports
regarding to the patient's hospital stay are compiled. The content may differ from one
medical department to another. After discharge the records arc kept in the central archive of
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the medical administration department.
In this study medical records were the main source of clinical information. The data required
for this study were registered using a specially designed registration form containing more
than MX) items (sec appendix 1). Each registration form consisted of a title page on which
patient number, name, admission and discharge date were noted. Next, items concerning the
medical background, physical examination, results of diagnostic tests, medication and
therapeutic interventions were collected and coded according to a previously constructed
code book. In this registration form the patient's cardiovascular and cardiac history and risk
factors were collected. If patients were participating in a research program during the
hospital stay this was also recorded. Next, items concerning the current hospital stay,
repeated for every defined hospital period (TÜ-T3), were collected. These items are collected
from (1) the medical history, like the duration of ischemic pain and Angina Pcctoris Class
and from (2) the physical examination, like rales, edema and blood pressure. Furthermore,
(3) liCG data, like the location of Q-wavcs and ST-changcs, but also the type and frequency
of several rhythm and conduction disorders were included. Next, (4) coronary stenosis
measured by coronary angiography, (5) different enzyme rates and the duration of an
cn/.ymc peak were collected. Also, (6) wall motion abnormalities and heart failure measured
by cehocardiography, (7) administrated drugs, (8) treatment such as thrombolytic therapy
and P'l'C'A and (')) specific relevant complications, such as CVA, mitralis insufficiency etc.
were included. F'inally, (10) results from exercise tests, according to the Bruce protocol and
thallium lest were recorded. As general guideline, the most deviating score in each observed
time period has been taken as the definite score. In case of missing, unknown or illegible
information special codes were used , . . , , ,
t.oiiecuons ol errors in data gathering were made alter the registration lorm was completed.
Still missing data were traced as much as possible and incorrect codes were rectified.
Subsequently, the coded data were entered into a database. Due to the medical complexity of
interpretation and registration, this part of data collection was performed by specially
instructed medical personnel. The time spent transcribing scores from an average medical
record took approximately an hour and a half per patient.

4.4. Quality of data.

A study on (he quality of medical abstract records in The Netherlands has been performed
by the "Stichting Informatievoorziening voor de Gezondheidszorg' (Gcmcrt, 1986). In
administrative variables, like age, insurance, acuicncss indication at admission, the
percentages of misclassifications were lying between 0.5 - 1.5 * . Unfortunately the
percentage for 'misclassificd diagnosis' was much higher: sequencing errors occurred in 3-4
% of the cases, a 'vague' principal diagnosis occurred in 4-6 % of the cases and a similar
percentage of the cases showed an inconsistent relation between diagnosis and surgical
procedures. With respect to the surgical procedures only 1-2.5 % appeared to be incorrect. In
our research population we found comparable results. These results corroborate the results
from other studies outside the Netherlands (Conncll 1984. Corn 1980, Dorcmus 1983,
Johnson 1984, Lloyd 1985. Young 1986).
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Expectations are that billing data are more reliable than medical discharge data, since billing
data are carefully processed by both the hospital and the insurance companies. There
appears to be no adequate literature on the quality of billing data in Dutch hospitals. In the
hospital under observation the percentage of misclassified billing data lies approximately
between 1 aid 1.5 %, as estimated by experienced administrative staff members from the
billing department.

* C/m/ca/£afa
The data colection has been performed by two physicians. For the interpretation of ECG
data they were instructed by a cardiologist. But in case of doubt, scoring difficulties or if
contradictor) results were observed by the physicians comparing their interpretation and the
results as described in the medical record, an experienced cardiologist was always consulted
for a second opinion. In the latter case the opinion of the cardiologist was always followed.
Some of the information, like the results of echoeardiograms and heart cathetcri/ations, was
obtained fron the reports of the cardiologist(s). The inira-ratcr or intcr-raler agreement in the
interpretation of these tests had not been investigated. So the data reliability may be
influenced b» the accuracy of the interpretation made by these cardiologists.
To measure the accuracy of data collection (interpretation and transcription), an asclcclly
drawn subsanple of 17 patients was independently rc-scorcd by one physician.

Data scoring on the patient's background characteristics was found to be consistent in 96.5
% of the items; deviations occurred in the scoring of prc-stay angina pectoris, prc-stay
coronary insjfficicncy and prc-stay hypertension.

In the demarcation of time periods TO to T3 one case was not consistent: one patient was
scored by tie first rating as having 'missing' values in time periods TO and Tl , while
according tc the second rating this patient did in fact have scores in TO and Tl . Closer
examination revealed that this patient had a subacute infarction and as a result of this it was
unclear how to demarcate the correct time periods. Consequently, there was a systematic
misclassification in all items for this case. So it had to be excluded when determining the
reliability of the data.

The agreement in the scoring of items related to physical examination (ischemic pain,
palpitations, dyspnea, blood pressure etc.) was lowest in the first six hours of hospital
admission, but improved in the other time periods (percentage of agreement in TO: 92.2 %;
in Tl: 94.8 %; in T2: 95.8 %; in T3: 97.1%). Disagreement of scores mostly occurred for the
duration of ischemic pain before hospital admission and the presence or absence of ischemic
pain during stay.

The reliability of ECG-intcrprctation from the medical records of patients differed according
to variables type. Agreement in the scoring of myocardial necrosis in the wall segments (by
location of Q-waves) was 96.2. % in TO, 93.7 % in Tl , 92.5 % in T2 and 100 % in T3.
Agreement in scoring of myocardial ischemia (by location of ST-segmcnt changes) was
somewhat lower (92.7 % in TO, 91.7 % in Tl , 87.5 % in T2 and 98.0 % in T3). Deviations
occurred in the exact location of myocardial necrosis and ischemia in each wall segment.
Agreement in the scoring of rhythm disorders was 93.0 % in TO, 95.8 % in Tl, 97.9 % in T2
and 99.3 % in T3. Differences appeared to exist in the presence or absence of
sinustachycardia and ventricular escape rhythm. The agreement in scoring of conduction
disorders proved to be higher than that of rhythm disorders; 98.8 % in TO, 96.6 % in Tl ;
99.4 % in T2 and 98.9 % in T3.



Agreement in scores of coronary stenosis measured by heart catheterization was 96.9 % in
TO, 93.7 % in Tl . 100 % in T2 and 94.2 % in T3. Differences occurred in the scoring of
stenosis before and after PTCA and in one patient the time of catheterization was
inconsistent: in one case caihctcri/.ation took place in period TO and in the other case in
period Tl .

Agreement in the scoring of the cchocardiography data was almost total. The only difference
was that in one case the cchocardiogram data belonging to one patient was reported to be
missing, while in the other case these data were not missing. This difference may be due to
the fact that in one case the data of the cchocardiogram were not found in the patient's
medical record, but in records from the heart function department where echocardiography
normally takes place. Strictly speaking, misclassification appeared to occur in about 7 % of
the cases.

Agreement in the scoring of enzyme values and the time it takes to reach an enzyme peak
was 93.7 % in TO, Tl and T2 , and 96.1 % in T3.
Differences did occur in the registration of the highest enzyme peak within a time period and
in some cases the number of hours after which a peak was reached was different. Sometimes
these problems were caused by differences in demarcating the hospital time periods.

Agreement in the scoring of variables of the exercise ECG according to the Bruce protocol
was KX)*inTI ,90.6%inT2and 1<X)<# inT3.
Differences in T2 existed because the data of one patient were reported to be missing in one
case, while in the other case these were present. The same explanation can be given as for
the scoring of cchocardiography variables.

Agreement in the scoring of the thallium test could not be investigated. For all patients who
had a thallium test, an independent scoring of results was performed by a single cardiologist
specialized in interpreting thallium tests results. These scores were used in the data analysis.

The agreement in the scoring of medical interventions (i.e. thrombolytic therapy, PTCA etc.)
that were performed during the various hospital time periods was 97.9 % in TO, 98.9 % in
Tl, 100% inT2 and 1(X) % in T3.

The agreement in (he scoring of types and amount of drugs administered during each time
period was 96.2 % in TO, 95.6 % in Tl . 95.0 <* in T2 and 99.4 % in T3. Differences in
scoring did exist concerning the exact number of daily doses given within a time period.

The reliability of our data was the lowest for the interpretation of ECG data. Other
inaccuracies in scoring were related to the demarcation of the hospital time periods and
might be caused by differences in rounding off days of stay when defining the hospital time
periods.
Taking into consideration the retrospective character of the data collection and assuming that
the intra-rater and intcr-ratcr agreement is high when test results were interpreted by
cardiologists, it is expected that the reliability of the data -as far as it could be established-
will be sufficient for the purpose of this study.
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5. Medical care costs and severity of illness:
definitions and operationalization.

In this chapter the methodology of defining and opcralionali/.ing the research concepts will
be described. Attention will be paid to the measurement of costs of medical care in hospitals
(S.I.) and on the measurement of the severity of illness of patients with myocardial
infarction (5.2).

5.1. Costs of medical care in hospitals.
Costs of medical care are assessed, monitored and reported by means of specific accounting
systems used in the financial-administrative departments of hospitals. Economists generally
distinguish between costs made at ancillary departments (laboratories, operating rooms etc.).
costs made in nursing departments or medical departments (for instance cardiology,
gynaecology, internal medicine), and costs made by overhead departments (management,
financial administration etc.). The costs of each hospital department (labor, materials,
equipment) will be calculated and (if defined) output measures are determined (number and
type of services, number of patient days, etc.). However, most accounting systems do nol
provide adequate information about the actual costs of the total of medical care delivered to
a patient during his or her stay at the hospital.

Fetter and Freeman (1986) follow a more generalized approach to this problem by stating
that a hospital produces specific goods and services for its patients. These include, for
example. X-rays, drugs, and laboratory tests ordered by physicians, as well as nursing care,
operating room facilities and certain hotel and social services. However, since the real
business of the hospital is to treat individual patients, these arc only 'intermediate products'.
The specific set of 'intermediate products' provided for each patient results in the 'final
product' of the hospital (see figure 5.1).

Figure 5.1. Defining (he hospital product.
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Assessing the costs of the intermediate products is an essential step in measuring the costs of
the final hospital product (the total of medical care delivered to a patient). The costs per
service multiplied by the number of services, added up for all services are supposed to give
the most reliable estimation of the real costs made during a patient's hospital stay. However,
because of the complexity of calculation methods and the enormous variety in different
services which a hospital may offer, the real costs for each hospital service are generally not
available. For example, in a university hospital more than 6000 different services can be
distinguished. Assessing the real costs of all individual services may prove to be a goal
which is difficult to attain. As a substitute for the real costs per service, charges (tariffs) or
specific costs weights may be used. However, this may affect the reliability of the
determination of costs. For instance, the charges may not cover the real sum of money spent
by the hospital to perform a service. In Dutch Health Care the charges per service are
established at a national level by a uniform tariff system. Charges may not be exactly
representative of the real costs which may vary from hospital to hospital.

So, to determine the hospital costs per patient it is obvious that the real costs per service
need to be assessed. These efforts towards an approximative calculation of the costs of
medical services arc being made at the University Hospital Maastricht.
The real costs per service have been estimated through extensive cost allocation studies
carried out at the ancillary department level. Cost allocation studies have been performed at
the clinical chemistry department (Limpcns, 1986), bacteriology, virology and immunology
department (Limpcns, 1988; Roberts, 1989), haematology department (v.d. Kar, 1989), the
heart function laboratory (Limpcns. 1989), the lung function laboratory (Limpcns, 1989),
radiology department (Jcttcn, 1987), nuclear medicine (Wcncmoscr, 1988), operating room
inclusive sterilization and recovery (Roberts, Kamm, 1990), clinical pharmacy department
(Brouwers. 1988; Huppcrichs, 1988), physical therapy department (Steenbakkers, 1988),
pathology department (Macs, 1987), gastro-cntcrology department (Schelling, 1988),
hemodynamic laboratory (Coclcn, 1988), department for tissue characterization (Roberts,
1989), blood transfusion department (Kamm, 1989) and the department of ncurophysiology
(Slabbers, 1987).

The cost allocation process is restricted to those hospital departments delivering services
directly related to patient care. Indirect costs like general administration, maintenance,
education and research cither cannot be allocated to patient care or can only be allocated
using arbitrary allocation-keys. These costs arc therefore excluded from the cost allocation
process.

In cost allocation studies the depart mental costs (the inputs) are allocated to the various
services performed by the department (the intermediate products). For each service cost
prices are assessed. The methodology used in this allocation process will be further outlined
in paragraph 5.1.1.

The set of given services may differ by type and amount for each individual patient. The use
of hospital resources can be determined for each patient from information in the bill abstract.
It is assumed that cost prices per service combined with the information derived from the
bill abstract add up to a reliable measure of the real costs of medical care per patient. Results
from an application of this method for the patient population in question are described in
paragraph 6.1.
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5.1.1. Cost allocation of departmental costs to medical
care services.

In the cost allocation process the following definitions can be made (Limpcns, 1986):

* /nd/Vecf an*/ dïnecf serv/Cfs/or paftV
Indirect services do not have any direct relation to patients but they do support patient care
departments and the hospital in its totality in performing the care process adequately (for
instance cleaning personnel or the goods and services of technical equipment suppliers).
Direct services are those services which can be directly ascribed to the process of patient
care (laboratory tests. X-ray's, surgical procedures, etc.). These arc defined as the products
of the ancillary departments.

* P/wJuc/ re/a/eJ a/ia*
Costs of direct services can be specified into product and non-product related costs. If there
is a direct relation between the departmental costs and a part of the production, these are
called product related costs or specific costs. If the direct relation is not present we will
speak of non-product related costs or general costs.

In the cost allocation process four different components can be distinguished:
1. overhead costs: costs of management, administration and inventory;
2. capital related costs: costs of machines and instruments;
3. material costs: costs of materials and means;
4. personnel costs: costs of manpower.

* Faea" ana* Var/aWe
During a period of time fixed costs can be regarded as independent of the size of production
while variable cost may be changing with the level of production in the same period.

Figure 5.2. General process of cost allocation of departmental costs to medical care services.
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The main objective of the cost allocation process is to estimate a reliable cost price for each
service, keeping in mind the operating costs of the department in charge.

The mix of services will vary per department; some departments only perform a restricted
number of different services, while others offer a large diversity of services. In addition,
high and low frequency services occur in both situations. Consequently, establishing a
reliable cost price for all individual services is a goal difficult to attain, especially if cost
prices need to be revised or kept up to date.
In the development of the cost allocation system for hospital services at the University
Hospital Maastricht some general principles have been applied (Limpcns, Roberts 1988).
Cost-allocation and the establishment of a cost-price per service arc made on an annual
basis. Cost allocation includes personnel, material, capital (depreciation, interest and
maintenance) and overhead costs. A distinction is made between product related and non-
product related costs. Costs per service arc calculated in such a way that number of services
times the costs per service equals the operating costs. For ancillary departments with a
widespread mix of services, a distinction is made between (1) routine services for which cost
prices arc calculated separately for each service, and (2) non-routine services for which cost
prices arc derived from costs of routine services. Although the cost prices of non-routine
services may be somewhat less reliable, it is assumed that the overall effect may be
neglected, since routine services (20 9f of the service mix) generate the majority of costs (80
'# of the department costs). No distinction is made between urgent and non-urgent services.
In addition, no distinction is made between services produced within or outside regular
working hours. Thirdly, no distinction is made between services for patient care, research or
education.

1. Product related personnel costs.

Allocation of product related personnel costs to the various services and the establishment of
a cost price per service will be illustrated by a ficiivc example (table 5.3). A distinction will
be made between routine and non-routine services. For routine services the average time in
minutes spent by each category of personnel (analysts, assistants, technicians, physicians) is
established through empirical studies. The average lime (AT) of a service comprises the
duration of all activities necessary to complete the service. For non-routine services the
average time per service is assumed to be equal to the average time calculated over all
routine services. It is supposed to be equal for all types of non-routine services (see example
table 5.3); AT (non-routine services) = {(10*6) + (20*3) + (30*6) + (40*3)) / (10 + 20 + 30
+ 40) = 4.2.

Multiplication of the total Number of services (Ns) from both routine and non-routine
services by the Average Time per service will give the Total Time (TT) spent by a member
of (he personnel to perform certain services.

The Workload Proportion (WP) is defined as the relative weight in personnel costs of a
service; this comprises the total time needed by a person to perform that type of service
divided by the performer related 'total' time for all services (483 minutes in the example).

For instance, the Workload Proportion for service 'a' can be represented as:

10*6

483
= 0.12



A/rJiai/ cant coiü am/ irwnfv' of IMUMJ: </</i«i/iww <

The service related Salary Costs (SC) arc defined as the Workload Proportion (WP)
multiplied by the Total Salary Costs (TS) of the performer (for the example set on fl. 1 .(XX),-
for 483 lime units).

The service related Salary Costs for service 'a' may be written as:

= 124.22
483

The Cost Price of Personnel Costs (CPP) for each service may be calculated as service
related Salary Costs (CS) divided by the number of services (Ns) a performer produces and
can be seen as the estimated personnel costs of the service. So, the cost price of personnel
costs for service 'a' may be written as:

/47a *rS

"

6,1000

483
= 12.42

Table 53. Fictive example of cost allocation of product related personnel costs for routine and
non-routine services in Dutch Guilders.
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2. Product related material costs.

Allocation of production-related material costs and calculation of a cost price per service
will also be presented by a fictivc example (sec table 5.4.). The material costs per service
arc the average material costs to perform a service given the machinery setup. These
include all types of material necessary to complete a service. The average material costs
of routine services have been estimated using specific expertise of performing personnel
and by independent observers. Costs of product related materials, which can not directly
be allocated to a type of service, arc equally divided over routine care services. The
average material costs of non-routine services are derived from the average costs of
routine services (sec example table 5.4). Calculation of a cost price for material costs per
service is made following the same rules as for personnel costs.

Table 5.4. Relive example of costs allocation of product related material costs for routine
and non-routine services in Dutch Guilders.
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3. Product related capital cost

Capital costs refer to the equipment (machinery and hardware) used to perform a service.
Allocation of product related capital costs to the various services and the calculation of a
cost price per service is made by applying the same rules used for determining personnel
and material costs. Routine and non-routine services arc calculated in different ways. For
routine services the average use. in minutes, of the equipment per type of service is
determined by independent observers. The estimated use of equipment for non-routine
services is derived from the average use of routine services. Costs of equipment which
can not be allocated to a specific type of service are equally divided over routine services.
If more than one type of machinery is used to perform a service, a cost-price is calculated
for each type of machinery and subsequently added for all machinery to obtain an overall
cost-price per service.
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4. Overhead costs

Overhead costs include all costs which arc not allocated to the production related personnel,
material and capital costs. These consist of:
- personnel costs: management, secretarial offices and administration offices of departments;
- material costs: office materials, office machinery and equipment and furniture,

travelling expenses, xerox use, literature etc.
- capital costs: computers for administrative purposes.

The total overhead costs are equally divided over routine and non-routine services.
Therefore the overhead costs consist of a uniform fixed amount for each type of service.

5.2. Severity of Illness.
Severity of illness is a familiar and often used term in patient care. Yet, little has been done
to define, operationalize and measure this difficult and complex concept in u reliable and
valid way. Studies in this research field have not yet succeeded in overcoming the luck of
'golden' standards in the measurement of a patient's severity of illness. Severity of illness is
a concept which cannot be measured entirely on its own; medically speaking it will always
be associated with a patient's type of medical deficiencies and, in a more general way, wilh
the type of diagnosis. Nonetheless, a more formal definition is necessary to delineate it.

The severity of illness of a patient within a clinically homogeneous diagnosis category is
defined as the degree of pathologic deviation from the 'normal ' state of health
measured by structural and functional medical deficiencies which belong to this
diagnosis category. A diagnosis category is defined as a set (or syndrome) of medical
deficiencies or complications that intrinsically belong to each other.

The structural and functional medical deficiencies may include clinical and non-clinical
concepts (indisposition, malfunctioning in daily life or quality of life). In this study we will
restrict ourselves to clinical concepts of severity of illness.
In the coming paragraphs an attempt will be made to opcrationalizc the concept for patients
with Acute Myocardial Infarction (AMI). A general and formal terminology will be
developed and be used in chapter 6 to operationalize and measure severity of illness in AMI
patients. In this chapter, some preliminary concepts and assumptions in defining Severity of
Illness will be given. The difference between structural and functional deficiencies will be
outlined. In addition, the difference between units of observation and characteristics of units
of observation will be given. The assumptions and terminology will be then specified for
AMI patients (5.2.1.). Next, a short overview of the relations that exist between the medical
deficiencies will be presented using a causal model. In doing so a distinction will be made
between:
* the severity of deficiencies causing AMI;
* the severity of the AMI deficiencies themselves;
* the severity of deficiencies caused by AMI.
Some methodologie considerations on the use of techniques of observation (ECG,
cchocardiograms, etc.) pertaining to unidimensional and multidimensional severity scales
will be presented (5.2.2.). A measurement approach is proposed consisting of three
interrelated elementary scales of Severity: the Intensity Scale, the Extent Scale and the
Location Scale (5.2.3.). In the next paragraph it will be described how the principles above
are used to determine the severity of illness (and changes therein) in AMI patients during
their hospital stay. Some rules for categorizing patients into dynamic Severity Illness
Categories will be given (5.2.4). Finally a summary will conclude this chapter (5.2.5).
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5.2.1 Assumptions and terminology regarding severity of
illness in AMI patients.

* 5/r«t7wfü/ versus

A distinction can be made between medical deficiencies of a more 'structural' and a more
'functional' nature. 'Structural' medical deficiencies can be ascribed to organic subunits of
the human body like the heart muscle or coronary artery system. 'Functional' medical
deficiencies can be ascribed to the heart and specific organic processes taking place within
and between organic subunits. These processes fulfill certain vital needs of the organism,
like the coronary oxygen supply to the heart by the coronary vessels or the cardiac output
capacity of the cardiac ventricle; survival of the whole organism (and its organic subunits) is
at stake, if these processes (slowly) degenerate or come to a stop.

From the definitions above, some general methodologie rules can be derived. A distinction
can be made between (I) units of observation and (2) characteristics of units of observation.
The principal unit of observation in our study is the patient with Acute Myocardial
Infarction. Structural units and functional processes within the heart first will be specified.
The structural units of observation of the heart relevant for the purpose of measuring
Severity of Illness arc listed in scheme 5.5. The heart can be clinically subdivided into four
main parts (units): (a) the left ventricle (b) the coronary artery system (c) the conduction
system and (d) the cardiac pacemaker. As the second row of the scheme illustrates, the four
structural units of the heart arc built up of smaller subunits: the left ventricle consists of wall
segments, the coronary artery system of arteries, the conduction system of conduction fibers
and the cardiac pacemaker of automatic fibers. The pathological characteristics of these
subunits relevant for defining severity of illness arc named the structural cardiovascular and
cardiac deficiencies. These arc mentioned in the third row of the scheme. Wall segments of
the left ventricle may show myocardial ischemia or myocardial necrosis. Within the arteries,
arteriosclerosis or coronary stenosis might be present. Structural medical deficiencies within
conduction or automatic fibers arc considered to be less relevant in AMI patients, but may
be important in other diagnostic groups.
The functional processes within the heart can also be seen as units of observation. Five types
of functional processes may be discerned within the heart, relevant for AMI patients. Left
ventricle contraction, coronary artery pcrfusion, conduction as a process, rhythm behavior
and cardiac function arc the relevant processes which may show pathological characteristics.
These pathological characteristics are entered in the last row of the scheme. The functional
deficiencies arc called respectively: abnormal wall motion, hypopcrfusion of the coronary
arteries (combined or not combined with insufficiency of the collateral circulation), cardiac
conduction disturbances, cardiac arrhythmia and heart failure.
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Scheme S.S. Structural units of observation and functional processes within the heart and their
medical deficiencies.
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5.2.2. Severity of Acute Myocardial Infarction: a causal
model.

Subsequently, the relationships between the medical deficiencies observed in patients with
Acute Myocardial Infarction must be considered. By defining causes and consequences of
the characteristics mentioned above one can hypothesize a causal model. This model can
explain changes in dependent deficiencies, given particular changes in other deficiencies.
The general idea behind the causal model is that structural deficiencies will influence
functional deficiencies, and not the other way around. The relations between structural
deficiencies can be regarded as a causal chain model (see diagram 5.6.): coronary
arteriosclerosis (sometimes combined with coronary spasm) may lead to coronary stenosis.
Coronary stenosis in turn may lead to myocardial ischemia. When this process of
myocardial ischemia becomes irreversible this may lead to myocardial necrosis. Diagram
5.6. also visualizes the relations between myocardial ischemia and necrosis and the
functional cardiac deficiencies; all direct relations between coronary stenosis and the
functional deficiencies are supposed to 'pass' through the processes of myocardial ischemia
and myocardial necrosis. Myocardial ischemia and necrosis can cause functional
deficiencies of the heart (abnormal wall motion and -indirectly- heart failure). At the same
time it can directly lead to specific functional complications (rhythm and conduction
disorders). In their turn these complications may also lead to heart failure. Heart failure may
cause several body deficiencies in other organs than the heart (lungs, kidney, liver, etc.).
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Diagram 5.6. Causal Model specifying relations between deficiencies in patients with Acute
Myocardial Infarction.
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If one wishes to use the causal model presented in diagram 5.6. as a guideline for
multivariatc analysis in empirical research, its concepts must certainly be further specified
into indicators. For example. 'Myocardial Necrosis' may be measured by means of three
indicators, namely by the appearance of significant Q-waves in ECG leads, by certain
biochemical changes in the blood scrum, and by certain radiotopic changes observed in the
myocard, when a so-called thallium test is performed. Patients who show significant Q-
wuves in ECG, who have these characteristic changes in their blood serum, and who show
these thallium-negative areas in their myocard will be labeled as: 'having an Acute
Infarction'. Patients who have no significant Q-wavcs, and no changes in blood scrum, and
no thallium-negative areas in the myocard will be labelled as 'Normal'. Patients with
contradictory symptoms (Q-wavcs in ECG, but no blood scrum changes, or: no Q-waves in
ECG, but significant thallium changes) will be placed into 'in between' categories ( i.e.
'suspected AMI').

5.2.3. Defining Severity of Illness: an operationalization.
The patient's overall severity of illness may be determined by a combination of scores on
medical deficiencies. The measurement of the severity of a deficiency can be very
elemental: the dichotomous scale is a widely used method of assigning scores to a patient. If
no deficiency is present the score is '0', if a deficiency is found the score is ' 1 ' . However,
when medical professionals talk about the severity of an illness or deficiency, as a 'real life'-
concept, they think in terms of gradation. Therefore, the use of an ordinal measurement scale
with more than two scores is a more realistic approach to defining and measuring the
severity of a deficiency. The degree to which the severity will vary can be operationalized
into rank scores, and patients with the same rank score can be categorized as belonging to
the same group. Of course, one of the aims of social-medical research must be to investigate
if severity scales approach interval measurement, where the length of the distances between
the (rank) scores can be ascertained. Until this goal will be reached, let us assume that a
polytomous ordinal rank scale can be applied to the concept of severity of a medical
deficiency. For instance, one could assume that for a certain deficiency four stages or rank
scores exist, and that the resulting scale would describe the deficiency in a valid and reliable
way. The minimum rank score ('no deficiencies') could be set at '0', the category 'low level
of deficiency' could be set at rank score ' 1 ' . the category 'moderate' could be set at '2' . and
the maximum rank score ('3') could be given to the category 'life threatening deficiency'.
However, a single deficiency can be measured with the help of multiple indicators which are
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the outcome of various medical techniques. As we have seen in 5.2.2.. 'myocardiul necrosis'
can be measured by certain ECG-abnormalitics, by certain changes indicated by u thallium
test and by certain biochemical changes in the blood scrum of patients. In principle,
"myocardial necrosis' seems to be a multi-attribute concept, which can be measured as a
multidimensional scale. Furthermore, a unit of observation in medical science can be
analyzed into several subunits, and in many instances sub-subunits can be distinguished.
Techniques of observation are being used that can screen certain deficiencies within an
organ at a sometimes microscopical level. Later on in the causal process deficiencies in one
subunit may cause other types of deficiencies in other subunits of the same organ (sec
diagram 5.6.). Thus, in the first place we must state which deficiency at what level of
observation we arc interested in (as we have done in scheme 5.5). When several subunits can
be discerned that arc relevant for a more precise (and medically valid) measurement of the
deficiency, the concept of severity becomes necessarily a complex, multidimensional one.
Naturally, this will often generate a situation, where more than one indicator must be used
for one specific deficiency.

Indicators for specific medical deficiencies may imply several dimensions of severity of
illness. Three independently defined, but related dimensions may be discerned:
(1) the intensity of a deficiency
(2) the extent of a deficiency and
(3) the location of a deficiency.

When an indicator measuring the deficiency for a unit is used, the Intensity of a Deficiency
can be defined as the total of observed deviations times the specific weights of the degree of
the deficiency, which its subunits get ascribed. For instance, when we measure the intensity
of abnormal wall motion in the left ventricle (sec § 6.2.6), we can give certain weighted
scores to every cardiac wall segment, while at the same time the technique of e.g.
echocardiography will indicate that certain cardiac wall motion abnormalities arc or arc not
present. The deficiency to be measured (the process of abnormal wall motion) in the higher
unit (the left ventricle) is measured by a single indicator (contraction behavior) at the
observational level of a subunit (left ventricular wall segment). Each wall segment is given a
numerical weight ranging from '0' (in this case Normokinctic Function) to '3 ' (in this case
Dyskinctic Function): these weights arc multiplied with the observed deviations to a score
for each subunit and eventually all scores can be aggregated or added up a total score for the
unit. The example above is a one concept-one indicator case. When the concept to be
measured is indicated by several indicators (e.g. myocardial necrosis), a more complicated
situation exists.

When an indicator measuring the deficiency is used for a unit the Extent of the Deficiency
can be defined as the spread of the observed deviations scores of this indicator over the
subunits, irrespective of any weight given to the degree of the deficiency. Using the same
example as before, we can measure the extent of abnormal wall motion in the left ventricle
by giving a score of ' 1 ' to every wall segment that shows signs of abnormal contraction. A
score of '0' is given to every wall segment that shows no abnormalities at all. These '()'- and
' 1 ' - scores of all wall segments are then totaled for the entire left ventricle. One can interpret
this aggregated total value as the spread of any abnormal wall motion over the left ventricle:
the resulting absolute number can be seen as the extent of abnormal wall motion in the left
ventricle of a patient.
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When an indicator measuring the deficiency is used for a unit, the Location of a Deficiency
can be defined as the total of observed deviations times the specific weights, expressing the
relative vulnerability of its subunits. In the above example one can measure the location of
abnormal wall motion of the left ventricle by giving a weight to specific vulnerable cardiac
wall segments. These weights for vulnerable sites in the left ventricle can be given
independently of the intensity weights. For the chosen example, it means that abnormal wall
motion in the anteroseptal segment can be considered more severe than in the other
segments.

Together, the Intensity, Extent and Location scales can be interpreted as a three-dimensional
measure of the concept of severity of a medical deficiency. Each dimension is independently
defined with regard to the other two.

In empirical research, situations may arise in which one or even two of the three dimensions
of the measure collapse into a much simpler concept of severity of illness. For instance,
when the deficiency indicator can only be measured by a dichotomous scale (0 - 1), the
intensity dimension disappears and a two-dimensional concept of severity of illness remains.
This often happens, when the degree of measurement in research is rather crude. A further
degeneration of the three dimensional measure may occur, if the unit and subunit of
observation arc one and the same: in this case the extent and location dimensions collapse
into a single unidimcnsional scale. This applies for instance, for the measurement of cardiac
conduction disorders: only a gradation measuring the type of conduction disorder can be
del mod and given weights for these disorders only the intensity scale remains. The most
extreme degree of this degeneration in measurement occurs when the above restrictions are
combined. In this case only a crude unidimcnsional score remains which can be used to
register the absence of presence of the deficiency.

5.2.4 Severity of AMI patients during hospital stay; changes
in severity and rules to obtain dynamic Severity of
Illness Categories.

As we have seen in previous paragraphs, severity of illness for AMI patients may be
ascertained by various cardiovascular and cardiac deficiencies. Each deficiency can in turn
be measured by one or more indicators and each indicator can be expressed in terms of one
or more severity dimensions. The patient's severity of illness must be seen as a dynamic
concept. In general the severity of illness will change while a patient is in hospital.

To measure changes in severity of illness, the condition of a patient needs to be measured at
various moments during hospital stay. For AMI patients, who generally experience a life-
thrcalcning situation, these measurements should focus on the first part of their hospital stay,
in which indices may show extreme variations. The later stay period can generally be
described as an after-crisis situation. Based on these considerations, four lime periods have
been distinguished (sec § 3.3). When severity of illness is measured repeatedly within these
four periods certain changes in severity may be observed: patients may stabilize soon after
crisis or at a later point, they may develop complications, or they may deviate consistently in
some way (table 5.7).
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The various severity patterns which occur during a hospital stay may he measured for each
medical deficiency belonging to the AMI diagnosis. For instance the severity of myocardiul
ischemia may be measured repeatedly by daily ECG. Severity patterns of myocardial
ischemia during hospital stay which appear to be similar in a medical way may then be
grouped into one severity category. Severity patterns may be seen as dynamic severity
categories. Subsequently, the dynamic severity categories may be placed in a rank order of
increasing severity. For instance, the severity pattern 1 in table 5.7. may be grouped into one
dynamic severity category A. Severity patterns 2 and 3 into category B and 4 and 5 into two
categories C and D. A rank order in severity may be given in which it is assumed that
category A is less severe than category B and category C is more severe than B, etc. In this
process of categorizing and subsequent ranking medical specialists need to be consulted
regularly.

The process of grouping severity patterns into dynamic severity categories and ranking the
categories according to their severity may involve methodological problems. Consequently,
some additional rules need to be specified.

f7) Pro£/em.s i/ivo/w'ni //it//fa/or.y measureJ o/i/y once a*ur/>j# Aav/ma/ .v/av.
Evidently, severity indicators must be repeatedly measured during the patient's hospital stay
in order to determine changes in severity. Therefore the clinical observation technique by
which the indicators is being measured must be applied several times during a patient's
hospital stay (and preferably once during each of the four time periods). Examples of such
severity indicators are those which arc based on results of ECG (which provides information
about myocardial ischemia and necrosis plus rhythm and conduction disorders). If during a
period more than one ECG is made for a patient, the one with the most deviating results
from the 'normal' situation will be selected for classification.
However, some cardiac deficiencies are only measured once during the whole hospital stay.
Examples of such deficiencies are cardiac wall motion and heart failure which arc estimated
by cchocardiography. If an observation technique is applied only once, it will be impossible
to categorize patients according to the changes in severity of this particular deficiency. Thus,
next to the more 'dynamic' severity classification of patients, a more 'static' classification
must be used which characterizes their illness condition during the whole stay. In chapter 6,
severity of illness for both the dynamic and static classification will be dealt with.

^ ^ ƒ /
In the above line of thought it has been assumed that the grouped patterns of a deficiency
can be placed into a rank order of increasing severity. This ordinal scale construction will be
used in the forthcoming data-analysis to explain differences in costs. However, there are
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situations in which severity patterns of a deficiency can not be placed into a single
unidimcnsional rank order. For instance, cardiac rhythm disorders may be so diverse and
may or may not be important at different moments during hospital stay, that forcing them
into a unidimcnsional scale seems impossible at this time of research. We did not feel
confident enough to hypothesize which underlying dimensions can be found within all these
types of rhythm disorders. Furthermore, this problem should better be solved in a more
medical (cardiological) research setting. For the time being our solution is a simple one: all
paticnis arc categorized into one uniquely defined nominal group and this nominal category
will be used as a factor in the analysis of medical care costs.

( , vv/7/i
A typical medical deficiency may not always be measured in all patients. For instance, the
severity of coronary stenosis can only be measured for those patients who have had at least
one heart calhctcrization during their hospital stay. For patients who have not undergone
cathctcrization during their stay or for those patients whose results of catheterization are
lost, illegible or otherwise unknown, no information about the severity of coronary stenosis
can be transcribed. In this case, the grouping of patients into severity categories may be
limited to lower numbers of patients.
Missing data in indicators of severity of illness may of course also result when patients are
discharged early, arc transferred to another medical department or if they die during hospital
stay. This problem also arises when patients arc admitted from another hospital during a
later phase of their illness period (sec § 4.2) In the eventual cost analysis some correction
has to be made for patients who have these types of missing values for indicators. To
overcome these difficulties, which may seriously narrow down the number of patients in
data analysis, we will regard 'missing values' as a separate subcategory of patients in each
analysis. Sometimes extra (dummy) variables arc constructed for the sole purpose of
supplementing the numbers of patients in the categories of severity of illness. In § 7.1. a
precise description of the solution for this typical 'missing values' problem will be given.

5.2.5 Summary.
To measure a patient's severity of illness within a homogeneously defined diagnosis group a
conceptual distinction must be made between (1) structural and functional medical
deficiencies and (2) units of observation and characteristics of units of observation.
Relations between the medical deficiencies may be hypothesized in a causal model. The
severity of a medical deficiency may be measured with single or multiple indicators. It is
assumed that three interrelated severity dimensions can be discerned: the intensity, the extent
and the location of a deficiency. Sometimes all three dimensions can be distinguished in
measuring severity of illness, sometimes they may collapse into one or two dimensions. The
severity of a medical deficiency may be measured cither per time period or summarized for
the whole hospital stay. In the latter case it will be condensed into dynamic severity
categories. These may be obtained by defining various patterns of severity of illness.
Patients having similar severity of illness patterns can be categorized within the same
severity group.

The proposed methodology for measuring dynamic severity categories will be applied for
the AMI patient population. Measurement of the severity of illness per time period and the
determination of dynamic severity categories for each deficiency as outlined in the causal
model of patients having acute myocardial infarction (diagram 5.6.) will be more
extensively described in paragraph 6.2.



6. Measurement of research concepts.

The methodology proposed in chapter 5 will be applied to operationally*: and measure the
research concepts outlined in the models of explanation (chapter 3.2.). The
opcrationalization and measurement process is described tor the patient population at hand:
464 patients with acute myocardial infarction.
This chapter will concentrate on operationalizing the three major research concepts:
- Cost of medical care (6.1)
- Severity of illness (6.2)
- Background characteristics (6.3)

6.1. Costs of medical care.
The costs of medical care for the patient population at hand arc measured by (1) the type of
service, (2) the number of services and (3) the cost-price of each service (sec 5.1.1). For
each patient, resource data have been collected from our hospital billing administration.
Resource data consist of the number and type of services given to a particular patient during
his or her hospital stay. In order to measure the exact costs of a hospitalized patient,
ambulatory care services and services requested by physicians other than cardiologists are
excluded. Results from cost price studies of medical care services have been used lo
measure the financial impact of the medical care delivered. Medical costs arc calculated by
multiplying the scrvice-spccific-cost-pricc by the amount of services performed. In our
research strategy the scrvicc-specific-cosl-price includes (I) product-related personnel costs'
and (2) product-related material costs. Product-related capital costs and overhead costs arc
nol taken into account because of their fixed character. Costs arc limited to variable costs
which arc assumed to be dependent on characteristics of the patient population. Overhead
and capital costs in hospital care arc assumed to show less variations due to illness or palicnt
characteristics. Patient characteristics may only influence these costs on a long term basis.
For example, severely ill patients may require more laboratory tests. This will mainly affect
costs of materials needed and time of the laboratory personnel, but in general this will have
no direct impact on the costs of the machinery or the departmental administration. Our
research strategy concentrates on explaining medical care cost differences on the basis of
specific illness and patient characteristics. Obviously only variable costs which arc strongly
related to illness and patient characteristics will be taken into account.
The only exception to the procedure described above is the calculation of the costs of drugs
which are not recorded in the billing system; the types and amounts of drugs arc derived
from the patient's medical record and cost-prices arc estimated on the basis of daily doses.

Costs of medical care per patient will be divided over the four hospital time periods defined
in our model of explanation (chapter 3.3). For some specified categories of services, costs
made in time period TO (first six hours of hospital admission) had to be included in Tl
because they are recorded per twenty-four hours.
Various hospital costs will be described in the following sections: costs of diagnostic
services (6.1.1); costs of medical interventions (6.1.2); costs of nursing care (6.1.3) and
other costs, like physical therapy (6.1.4). Within these four major groups of medical care
more detailed costs categories will be defined on the basis of their medical relevancy lo the
hospital care process.

Physician salary costs have been exluded from the personnel cost-price because they do not represent cost» of
ancillary departments.



6.1.1 Costs of diagnostic services.

* Costs of Laboratory Services.
Laboratory services can be distinguished into routine and specific tests. Routine laboratory
tests arc tests that are normally performed irrespective of the specific illness of a patient.
These services provide an overall impression of the patient's physiologic health condition.
These include: general hcmatology tests (like hemoglobin, hematocrit, counts of leukocytes,
crythrocytcs, thrombocytcs), general blood chemistry tests (like glucose, urea, crcatinine,
sodium, potassium) and general urine chemistry tests (like protein, glucose, urobilin).
Specific laboratory tests include all extra tests considered necessary given the patient's
health condition and/or disease. For the patient population at hand these include specific
blood chemistry tests (like Crcatinc Phospho-Kinasc (CPK), Serum Glutamic Oxalacctic
Transaminasc (SCOT, also known as ASAT), Scrum Lactic Dchydrogcnase (LDH), Scrum
Glutumic Pyruvatic Transaminasc (SGPT, also known as ALAT), repetitive determination of
daily glucose and urine acid levels), specific hcmatology tests (like rcticulocytc, cosinophile
count, blood gases and hcmatologic coagulation) and other blood tests (like hormone tests
and tests from microbiology and immunology). Costs of all (routine and specific) laboratory
services for the palicnt population at hand are presented in appendix 2. Per patient a mean
number of XO.2 laboratory tests arc made during (he total hospital stay (mean costs: fl.
2IX.34). The greater part (75 '#) of these tests lakes place during the acute phases of the
hospital slay (in time periods TO and Tl).

* Costs of Routine Diagnostic Services.
Routine diagnostic services arc normally performed for each AMI patient. These involve
ECG-rcgislrations (appendix 3) and radiology tests (X-thorax) (appendix 4). When patients
arc admitted to the Coronary Care Unit, ECG tests arc performed on a very regular basis and
urc included in the costs of intensive care. For the patient population at hand, most patients
spend their first days of stay in the intensive care ward. This may explain why the costs of
ECG tests are relatively low during the first days of the hospital admission. On average, 7.5
ECG's arc made per patient (mean costs: fl. 47.86) and 2.1 radiology tests arc performed per
patient (mean costs: t l 46.11).

* Costs of Specific Diagnostic Services.
Specific diagnostic services lor AMI patients include all additional non-laboratory tests
considered necessary given the patient's specific health condition and/or disease. Because of
large differences in technique, in what is measured and number, these costs are distinguished
into five categories.

/.
During a heart cathcterization several activities may take place. Normally a session consists
of left catheteri/ation with (1) pressure measurement and Oi-saturation measurement, (2) left
ventriculography and (3) coronary arteriography. Next to these activities, less regular
activities may occur, like right heart pressure measurement with Swan-Ganz catheters. Costs
are calculated for every separate activity. For the costs of cathcterization (appendix 5) the
unit of measurement is the calhctcrization activity. A cathcterization is generally done
during the acute phase of the slay: in 54.5 <* of the patient population the cathetcrization
occurs at the very beginning of the hospital admission in T-0 and 29.3 9F- in T-l. Relatively
few cathctcrizations arc performed in the following two periods.
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This test is normally performed on some patients to detect (severe) rhythm and/or
conduction disorders. The total costs for our patient population arc relatively low (sec
appendix 7). This lest is only performed 72 times in total (distributed equally over all lime
periods) which amounts to a mean of .16 tests per patient (mean costs: fl. 8.43).

In some cases echocardiography is performed in combination with a Dopplcr lest to estimate
cardiac valve function during the same session and using the same machinery. Costs of
Doppler tests arc also included under the heading 'costs for echocardiography' (sec
appendix 8). Echocardiography for AMI patients is normally performed three days after
admission. In total 417 times a test is made (total costs: II. 20,201.05), which amounts (o u
mean of .90 tests per patient (mean costs: fl. 43.54).

4. Ererci» Wecfrocan/io/?ram u.«'n# f/ie Bruce
An exercise ECG is usually performed to detect post-myocardial infarction angina and is
normally planned just before patients leave the hospital. Therefore, costs due to this lest only
occur in time periods T2 and T3. Costs of this test (appendix 6) arc generally made between
three and ten days after the admission. For the patient population at hand in total 206 Bruce
protocols are applied which amounts to a mean of .44 tests per patient (mean costs fl. 17.20).

5. Nuc/ear Car<//7>gra/>/iy.
This category consists for the greater part of the so-called thallium test. During this lest two
conditions are (simultaneously) investigated normally: (1) thallium uptake at rest and (2)
thallium uptake during exercise. In appendix 9 costs of nuclear cardiography are given. The
number of services is based on the number of (research) activities during a session. Like the
Bruce protocol, a thallium test is performed normally to measure posl-myocardial infarction
angina or to ascertain the magnitude of myocardial necrosis. In general this test is planned a
few days before patients check out the hospital. This explains why costs of this lest only
occur in time period T2 and T3. In total 235 activities arc performed which amounts to a
mean of .51 per patient (mean costs: fl. 37.07).

6.1.2. Costs of medical interventions.
Medical interventions in myocardial infarction may be distinguished into three major types.

* Drugs.
Thrombolytic therapy is a relatively new and very effective treatment in cardiology.
Administration of thrombolytic drugs within the first hours of the (suspected) infarction
leads to reperfusion of totally occluded or severely stcnotic coronary arteries. Because of
their impact on the patient's survival, severity of illness and the ensuing medical care costs,
the costs of thrombolytic therapy arc distinguished from costs of other cardiovascular
medical drugs.

V.
During the time period under study several thrombolytic drugs were administered. However,
the most common and most frequently used thrombolytic drug was 'strcplokina.se'. Other
thrombolytic drugs such as 'APSAC', 'urokinasc', 'pro-urokinasc', and 'rt-PA' were applied
less frequently. These other thrombolytic drugs may generally be considered a consequence
of specific research protocols. Alternative drugs might also have been used in case of contra-
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indications to the use of strcptokinasc. Although the costs of the different types of
thrombolytic drugs are varying considerably (strcptokinasc: fl. 557.55 and urokinase: fl.
1813.98 per dose), the costs of strcptokinasc are thought to be relevant for setting a cost-
price for thrombolylic therapy. This decision is made because streplokinase was the most
frequently used drug. Because thrombolytic therapy is only successful if administered within
about the first six hours of the infarction, almost all costs for thrombolytic therapy are made
in T-0 (appendix 10). In total 150 thrombolylic therapies arc given (almost one third of the
patients).

2.
Other drugs include Sympathoplcgic Drugs, Nitrates, Calcium Antagonists, Diuretics,
Glycosidcs, Anti-Arrhythmic Drugs, Sympathomimctic Drugs, Vasodilator Drugs, Drug
treatment of hypertension, Anti-Coagulants and Acctylsalicylic Acid. The calculation of
(hese costs is based on the cost price of daily doses for each type of drug therapy. The
accumulated costs of these drugs arc presented in appendix 11. On average 38.2 daily doses
of these drugs arc administered per patient, amounting to a mean cost of fl. 71.60 per
patient.

* Percutaneous Transluminal Coronary Angioplasty (PTCA).
ITCA is performed during the heart cathctcri/ation session. Costs of PTCA arc calculated
us extra-costs made on (op of the costs of a heart cathctcri/ation. As illustrated in appendix
12, PTCA is performed most frequently during the acute phase of the myocardial infarction;
that's why 60.9 '# of all PTCA applications arc performed in TO. The cost-price of PTCA is
II. 3677.24 and the mean costs per patient arc fl. 649.86.

• Other Medical Interventions.
Other medical interventions relevant to this study include resuscitation, a temporary
(external) pacing system and the use of an intra-aortic balloon pump. These types of
interventions in patients arc extremely rare and the cost price per intervention type tends to
vary considerably. We have decided to regard the 'other medical interventions' as a rest
category and have combined the costs (appendix 13).

6.1.3 Costs of nursing care.
Costs of nursing care arc indicated by the patient's length of stay. The mean length of stay
per patient amounts to 11.45 days (std.dcv.: 9.60). Costs of nursing care at the Coronary
Care Unit (CCH) are calculated separately. These costs arc calculated on the basis of the
total material and personnel costs of this department over the year 1988 divided by the total
number of CCU days in that year. This results in the average costs per CCU-day. It is
assumed that the average daily costs per type of patient do not differ significantly, because in
most cases standard procedures will be applied in patients with AMI. For each patient the
actual number of CCU-days is multiplied with the average costs. The costs of this intensive
nursing care arc described in appendix 14. The total number of days for the whole patient
population can be divided into 45 '*• of days at the coronary care unit and 559f of days at the
medium care unit or the 'normal' care unit. The mean costs of CCU per patient amount to fl.
1392.02 (std.dcv. 1577.40).
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6.1.4. Other Costs.
Other costs besides those of diagnostic tests, medical interventions and nursing care are
costs for physical therapy. Costs of physical therapy arc described in appendix 15. This type
of care concerns the physical rehabilitation of patients. In total fl. 11,176.93 is spent, which
amounts to a mean of fl. 24.09 per patient.

There may be other types of costs made during a patient's hospital stay that arc not
mentioned in one of the categories above. These are excluded from this study for lack of any
direct relation to AMI. These costs are sometimes related to specific and less frequent
problems involving consultation of other medical specialists, kidney dialysis etc. These
services amount to less than one percent of the total amount of services. Another important
cost category concerns physician salaries. These will however not be investigated in this
study because at the time of investigation no adequate workload measures had been
available and no allocation of time spent by physicians to patient care for the 464 AMI
patients could be made. Although the total costs of a patient's hospital stay might be
somewhat higher because some costs have been excluded, it is expected that the cost
calculation and measurement is fairly representative for the patient population ut hand.

Summary.

The costs of the patient population concerning the total hospital slay arc summarized per
category in table 6.1. As can be seen from this table costs may vary considerably per type of
medical care. The mean costs per patient arc relatively high for heart cathctcri/ation and
PTCA. Costs of laboratory services and thrombolytic therapy arc moderately high.
Extremely high costs arc made as a result of CCU-stay. In almost all categories a large
variation in costs is observed. Explanations for these differences in costs of medical care and
length of (CCU) stay will be given in chapter 7.

Table 6.1 Cost of medical care in patients having Acute Myocardial Infarction (n=464).
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6.2. Severity of Illness of patients having AMI.
The patient's severity of illness was measured by observing the cardiovascular and cardiac
deficiencies as outlined in the causal model for patients with Acute Myocardial infarction
(see chapter 5.2.1). In defining the research concepts, background information was obtained
and distracted from several standard works on cardiology (Fustcr 1975, Gensini 1975,
Plotnick 1982, Braunwald 1984, Willcms 1985, Factor 1986, Gorlin 1986, Hurst 1986).
Furthermore the definitions and terminology used in this paragraph are derived from
sessions with the panel of cardiologists. The different concepts that will be operationalized
in the next paragraphs arc:

Severity of coronary stenosis (6.2.1)
Severity of myocardial ischemia (6.2.2)
Severity of myocardial necrosis (6.2.3)
Severity of ischemic pain (6.2.4)
Severity of cardiac wall motion abnormalities (6.2.5)
Severity of cardiac rhythm disorders (6.2.6)
Severity of cardiac conduction disorders (6.2.7)
Severity of heart failure (6.2.8)
Severity of physical deficiencies and specific cardiac complications (6.2.9)

We will summarize the main points of paragraphs 5.2.1. to 5.2.4. The severity of these
cardiovascular and cardiac deficiencies is opcrationali/.cd and measured by means of
specific indicators. For each indicator a severity rank order was constructed. Sometimes a
typical deficiency can be measured by a set of distinct indicators. For example, 'myocardial
necrosis' can be measured by three indicators, namely: the appearance of significant Q-
waves at the liCCJ, certain biochemical changes in the blood scrum and certain changes of
(he uptake of nuclidcs in the myocardium at nuclear cardiograph;/. In other situations a
typical cardiac deficiency can be measured by one only indicator. For example 'cardiac wall
motion abnormalities' will be assessed using cchocardiography. For deficiencies which can
be measured by multiple indicators, a separate scale, comprising a severity rank order, was
constructed and described for each indicator.

Severity of a cardiovascular or cardiac deficiency can be seen as a property or characteristic
of the heart as a whole, but it can also concern a part or a process within the heart (see
chapter 5.2.1.). Thus, the unit of observation may be differentiated into several subunits. For
example, the left ventricular wall (unit) consists of several wall segments (subunits). If
several subunits can be discerned a more precise measurement of the deficiency can be
made using the characteristics of all (relevant) subunits. Data collection of medical
deficiencies was always performed on the lowest level of measurement.

For each indicator measuring a certain cardiovascular or cardiac deficiency severity of
illness is opcrationali/.cd by three independently defined dimensions (see chapter 5.2.2.),
namely:
* the intensity of the deficiency
* the extent of the deficiency
* the location of the deficiency

The dimensions in severity of an indicator arc operationalized by attaching weights to the
scores of cardiovascular or cardiac deficiencies. The weights form a rank order of increasing
severity. The severity weights that were used were derived from professional judgements of
three cardiologists; two from the University Hospital Maastricht and one from the Catharina
Hospital Eindhoven. Independently from each other, all three cardiologists judged the
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severity of each deficiency. In case of discordance over the severity weights, each
cardiologist was confronted with the weights of the other two. The severity weights were
applied after consensus was reached between the three cardiologists.

For the patient population at hand severity-indices are constructed for each defined time
period. However, during hospital stay a patient's severity of illness is subject to changes.
Therefore, specific severity categories are established which will reflect alterations in
severity during hospital stay. The severity categories are based on the results measured by
the time specific severity indicators (TO to T3). If severity indices are measured repeatedly
during the patient's hospital stay (like ischemia measured by ECG) severity categories arc
determined representing the severity trend with respect to the patient's total hospital stay. In
case there was a large number of different severity categories, these will be categorized into
smaller numbers. If severity indices arc measured only once during the hospital slay (like
wall motion abnormalities measured by the cchocardiogram) no changes in severity can be
measured. In this case the index measured is thought to be representative for the condition of
the patient during whole hospital stay (sec § 5.2.4.).

6.2.1 Severity of coronary stenosis.
A stenosis in the coronary arteries is measured by means of coronary angiography. This is a
diagnostic method involving injection of a X-ray sensitive dye into the blood. X-rays taken
during and after the injection show the inner dimensions of the primary arteries and their
branches, outlined by the contrast medium. This test visualizes and delineates coronary
artery stenosis in terms of location, extent and degree of stenosis.
The severity of coronary stenosis depends amongst other things on the specific location of
the stenoses in a coronary artery. Cardiologists usually restrict themselves to detect stenosis
in specific parts of the artery and its branches. In the context of this study only stenoses in
the three primary arteries are thought to be relevant. The three primary coronary arteries arc:
(1) the circumflex branch (RCX) which provides normally blood to the antcrobasal, lateral,
inferior and posterior wall of the left ventricle of the heart and in some cases to the AV-nodc.
The RCX can be subdivided into five arterial segments: proximal, marginal branch, mid and
distal, posterior lateral branch and posterior dcsccndcns branch.
(2) the left anterior descending branch (LAD) which is supplying normally blood to the
septum and the antcrobasal, anterior and apical wall of the left ventricle of the heart. The
LAD can be subdivided into five arterial segments: proximal, mid, distal, first diagonal
branch and second diagonal branch.
(3) the right coronary artery (RCA) which supplies generally blood to the sinus and AV-
nodc, the right ventricular wall and a part of the inferior, posterior and apical wall of the left
ventricle of the heart. The RCA can be divided into four arterial segments: proximal, mid,
distal and posterior descendens branch.

The degree of stenosis for every arterial segment is recorded as a percentage of narrowing or
obstruction varying from 50 9F stenosis to 100 ^ stenosis (occlusion).
In acute situations, haemodynamically significant stenoses in the coronary system can be
treated by thrombolytic drug therapy or Pcrcutanous Transluminal Coronary Angioplasty
(PTCA). These treatments are performed to reduce the degree of stenosis or to remove a
specific occlusion in a coronary artery so that arterial blood flow will not be hindered
anymore. Usually these interventions will reduce considerably the severity of stenosis.
If drug therapy was applied the last scores of coronary stenosis during the heart
catheterization were taken. In case PTCA was performed two different scores were
recorded: stenosis before and after PTCA. If no intervention (drug therapy or PTCA) has
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taken place, the last score of coronary stenosis during heart cathctcrization was recorded. If
a stenosis was measured in (he Left Main Coronary Artery the severity of this type of
stenosis was recorded for both proximal LAD and proximal RCX.

77if //if?n.f//y o /
First, the weights of the degree of the stenosis were determined separately for each arterial
segment. Next, the degree of the stenosis with respect to each coronary artery and
subsequently to the coronary artery system was calculated.

If there was not a significant degree of stenosis (< 70 # ) a severity weight of '0' was given.
Patients got severity weight ' 1 ' when the degree of stenosis varied between 70 and 99 %.
The highest severity weight of '2 ' was given in case of 100 % stenosis (occlusion).

These weights were applied to measure the 'intensity of the stenosis' for each coronary
arterial segment of RCA, LAD and RCX. Empirical combinations in weighted scores over
arterial segments revealed that for every coronary artery the severity score of the stenosis
did range from 0 'no significant stenosis' to 3 'combination of occlusion in one arterial
segment and significant stenosis in another arterial segment'. The scores of the 'intensity of
stenosis' per artery (0-3) were again aggregated into one overall severity score by adding the
individual stenosis /.-scores of the three primary arteries (ranging from -1.00 thru 3.00).
Stenosis /.-scores were used because the number of arterial segments varies per primary
artery. The sum of the /.-scores represents the degree of stenosis with respect to the coronary
artery system.

•SY\rr//v
The severity categories were based on scores after PTCA was performed. Because PTCA is
performed during the same cathetcri/ation session the score after PTCA was assumed to be
relevant for measuring the severity of coronary stenosis. From the patient population at hand
only 182 patients were calhctcri/cd (119 patients only once and 63 patients twice). Thus a
actual changes in severity of the degree of coronary stenosis could only be measured for the
63 patients. For the remaining group of patients the single 'intensity' score was used. It is
presumed that the degree of the stenosis measured by this single indicator was representative
for the stenosis condition during the whole hospital stay.

Six severity categories based on the degree of coronary stenosis were distinguished (table
6.2.). In total 39 patients had 'no' (n=23) or 'decreasing to no significant coronary stenosis'
(n=16). The majority of the patients had significant stenosis varying from low degree of
stenosis (n=20) to moderate stenosis (n=37) and highly severe stenosis (n=57). For 29
patients the degree of stenosis did increase during hospital stay.
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Table 6.2 Severity categories
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Extent measures the spread of stenosis within the coronary artery system. The extent of
stenosis comprises the number of coronary arteries with any kind of stenosis, regardless the
degree and the specific location. If no significant stenosis (< 70 9f) is present in any of the
three arteries, patients received severity weight '0' . If a significant stenosis is present in only
one artery patients get severity weight ' 1 ' . If there were two arteries present with a
significant stenosis patients get severity weight '2 ' . The highest severity weight of '3 ' is
given to patients who had a significant stenosis in all three primary arteries.

The same rules are applied that arc used for the severity trends concerning the intensity of
stenosis. The extent is distinguished into 5 severity categories (table 6.3.). Most patients
(n=82) had significant stenosis in only one artery, in 42 patients stenosis was present in two
arteries and in a small group of 20 patients three arteries showed stenosis.

Table 6 J Severity categories describing the extent of coronary stenosis.

5f if n'ry category Dfjrr//?f;on F/r^ur/tcirj

0 no 5/g. itenoi/5 2J

7 aVcrfrt.$;n# /o no JI/J. jtenaró 75
2 fcoruüre nf) onf v«jf / a*«f«5f 82

4 fco/u/j/fn/) f/irff v«if/ rf/ifajf 20

5u/»/ofa/o/rc/f van; caifJ ƒ 82
282



72 A/«isun?m^/if o / rcwa/r/i concept?

- /oca//V>/i o/coronary
It is generally assumed that the location of stenosis (or occlusion) in a coronary artery is
important, when one is interested in measuring the severity of this deficiency. It stands to
reason that a stenosis in the beginning (proximal segment) of an artery will reduce or
obstruct the blood supply over a larger area than when a stenosis occurs at the end (distal
segment) of an artery. Therefore each arterial segment is given a severity weight. The
severity weights were determined with the help of the panel of cardiologists, who used
mortality risk as one of the principal criteria. The severity weights for the location of
stenosis arc given in table 6.4.

Table 6.4 Severity weight* for the location of coronary stenosis.
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First, the severity for each coronary artery is calculated by taking the highest severity weight
occurring within the artery. Il is expected that the highest severity weight within the
segments of an artery is sufficient lo indicate the severity of the stenosis of (hat artery. Next,
the location based severity score with respect to the stenosis concerning the overall coronary
artery system is obtained by taking the sum of ihc individual segments scores. Theoretically
this lotal score may vary between 1.5 - 19 for each patient. The total score for a patient will
give the overall severity based on the location of the coronary artery stenosis.

The scores of ihc location of coronary stenosis were recoded into six categories (table 6.5.).
The largest category of patients has stenosis in minor (n=50) or moderately severe locations
(n=43). About 30 patients show significant stenosis in severe locations and 21 patients have
stenosis in highly severe locations.

Table 6.5 Severity categories describing the location of coronary stenosis.
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6.2.2. Severity of myocardial ischemia.
The etiology underlying myocardial ischemia can be regarded as the discrepancy between
the myocardial need for oxygen and the amount of oxygen in the blood delivered to the
myocardium via the coronary arteries. Different indicators to measure the severity of
myocardial ischemia are presented in the model below.

severity of myocardial ischemia

severity based
on electrocardiographic
st-changes at rest

severity based
on electrocardiographic
st-changes
during exercise

severity based
on reversible
thallium changes

6.2.2.1. Severity based on electrocardiographic ST-changes at rest.

When myocardial ischemia is present this can be detected by elevation or depression of the
ST-scgmcnt (henceforth ST-changc) in several leads of the ECG. ST-changcs in distinct
leads arc an indication for the location and the cxlcni of the ischemic segments of the
myocardium. ST-changcs arc recorded separately for the following left ventricle wall
segments: anterior, septa], lateral, posterior and inferior . The wall segments scores arc
distinguished into: (0) no ST-scgmcnt changes and (I) significant ST-scgmcnt changes (a ST
elevation or depression with a sum of at least 3 mm.) indicating myocardial ischemia.
Because of this rather crude dichotomy the intensity of ihc ischemia in the Icfl ventricle
cannot be calculated.

r/ie" fxtenf o/m>'oran//a/
The number of ischemic wall segments according to ST-changcs arc used to construct a
severity index. When ischemic wall segments or no ST-changcs arc present patients arc
given severity weight '0 ' . If ST-changcs correspond with only one wall segment or two
adjacent wall segments, it is likely that myocardial ischemia is occuring in a rather small
area, so a severity weight of ' 1 ' is given. If patients have three wall segments according to
significant ST-changes, they get severity weight '2 ' . The highest severity weight of '3 ' is
given to patients with ST-changcs corresponding with four or five ischemic Icfl ventricular
wall segments.

significant ST-segment changes are defined as ST elevation or depression wiih a sum of at least 3 mm.:
Sejxal: ST-changes in leads VI-V2
Anterior: ST-changes in leads V2-VS
Lateral: ST-changes in leads 1, AVL. V6
Posterior : ST-changes in leads VI, V2 and T-wave changes in leads VI, V2
Inferior: ST-changes in leads II, III, AVF.
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Ten different severity patterns could bc discerned (table 6.6.; a to j). Only a few patients had
no ST-changcs at all, or their ST-changcs on admission (TO) disappeared subsequently (n=
25); these severity patterns arc combined in one category with weight '0' . A large group of
patients (n=187) had consistent ST-changcs corresponding with one or two wall segments;
they form one category with weight ' 1 ' . Patients with consistent ST-changes corresponding
with three or more wall segments (n=210) were put together in the category with weight '2 ' .
The three different patterns of increasing ST-changes concerning 40 patients are combined
into the category with weight ' 3 ' . This category also includes a small heterogeneous group
of five patients with increasing as well as decreasing ST-changcs. Eventually four different
severity categories can be distinguished on the basis of the extent of ST-changes measured
by the ECG at rest.

Table 6.6 (Combined) Severity patterns and categories describing the extent of ST-changes
during the total hospital stay measured by ECG at rest.
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A distinction must be made between ST-changcs in the anteroseptal wall segments and those
in other wall segments in the left ventricle. ST-changcs in the anteroseptal wall segments are
assumed to be more severe. Therefore patients with ST-changcs in leads VI - V2 will get a
severity weight '2' in comparison to patients with ST-changcs in other leads, who get M'. If
no ST-changcs were present patients receive a severity weight of '0*.
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There appear to be seven different patterns in the location of ST-changes during hospital stay
(table 6.7.; a to g). Patients with no ST-changcs at all or disappearing ST-changcs during
hospital stay (n=23) are combined in one category with weight '0' . Patients with consistent
or increasing ST-changcs in non-antcroscptal leads (n=28O) arc put together in the category
with weight ' 1 ' . Patients with consistent antcroscptal ST-changcs (n=150) all remain in one
category with weight '2 ' . Patients with increasing ST-changcs from non-antcroscptal to
antcroseptal during hospital stay (n=9) were put into a higher severity category (3).
Eventually four different severity categories arc distinguished based on the location of ST-
changes measured by the ECG at rest.

Table 6.7 (Combined) Severity patterns and categories describing the location of ST-vhange.s
during the total hospital stay measured by FXG at rest.
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6.2.2.2. Severity based on electrocardiographic ST-changes during
exercise.

Myocardial ischemia can also be detected by ST-changcs during exercise. The exercise test
(according to the so-called Bruce-protocol) is designed to gauge the functional capacity of
the heart. The basis of this test is the increased myocardial oxygen consumption caused by
exercise. The Bruce test is performed normally just before a patient's discharge from
hospital. During the course of a progressive increase in exercise load the patient's
electrocardiogram is monitored for evidence of additional myocardial ischemia.

Results of the Bruce test are measured by (a) typical ST-changes in the ECG (b) the level of
exercise load and (c) the absence/presence of ischemic pain during the test. Results of the
ECG-findings are recorded into: (0) no typical ST-changcs and (1) presence of typical ST
changes. Also the highest achieved level of exercise load is recorded (ranging from I 'low
effort' to 5 'very high effort').
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To measure severity of myocardial ischemia during exercise even four dimensions are
assumed to be important. The scale representing these four dimensions are the intensity,
extent and location of myocardial ischemia plus the degree of additional ischemia compared
to the necrotic zone.

This dimension refers to the presence or absence of ST-changes in and outside the necrotic
/.one and to the highest exercise load reached by a patient while being tested. The ST-
changes arc measured at the maximum degree of exercise load when ST-changes occur. It is
to be expected that ST-changcs occurring during a low exercise load are more severe then
during a high exercise load. First a distinction was made into patients with no ST-changes
during any kind of exercise load (severity weight '0') and patients with ST-changes. The
latter were further distinguished into severity groups according to their maximal level of
exercise load reached during the Bruce test. Only few patients endured an exercise load of
stage 4 and 5; since these form adjacent categories they arc given the same severity weight
of ' I ' . Patients with ST-changcs occurring during an exercise load at stage 3 and stage 4 arc
respectively given severity weights '2 ' and ' 3 ' . The highest severity weight is given to
patients with ST-changcs enduring a minimum of exercise; they were given severity weight
'4'. The number of patients in each severity category arc presented in table 6.8.

Table 6.8 Severity categories describing the intensity of ST-changes during exercise.
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It is assumed that the severity of ischemia during exercise increases when patients have
ECG-lcads which show ST-changcs. The number of ischemic wall segments according to
ST-changcs is used to develop a severity scale. When no ischemic wall segments are present
the severity weight '0' is given to the patients. If patients have one or two ischemic wall
segments, severity is assumed to be about equal and they are given severity weight ' 1 ' .
When three ischemic wall segments arc suspected according to the ST-changes the given
severity weight is '2' and patients with four ischemic wall segments are categorized into
severity group '4' . There arc no patients with ST-changcs in all five wall segments in our
population. The number of patients in each severity category is presented in table 6.9.
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Table 6.9 Severity categories describing the extent of ST-changes during exercise.

S«rnr> category
0 no S7"-cn</ng« 70
ƒ 57*-t7ianges in / or 2 wo// jfgmenJs /05
2 ST-cVianges in J HÏJ// .vfgmfnw 2/
1 ST-c/uifign in 4 na// srgm<*nM 7

5«/>fo/a/ o/ nr/minf cases 20J
26/

¥65

77if /oca/ion o//nyocaraVa/ /.n-A
If ST-changes corresponding with the antcroscptal wall segments of the left ventricle arc
present it is assumed that the condition of those patients is more severe. Patients wilh
'antcroseplal' ST-changcs arc given severity weight '2' . in contrast to other patients which
arc given severity weight ' 1 ' . If no ST-changcs were present the severity weight is '0 ' . The
number of patients in each category is presented in table 6.10.

Table 6.10 Severity categories describing the location of ST-changes during exercise.
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One of the specific purposes of applying a Bruce test is to detect the presence of additional
ischemia, on top of the ischemia at the nccrotic zone. To measure the severity of additional
ischemia, results from the ECG at rest are used together with results from the ECG during
exercise. The nccrotic zone is identified using typical Q-wavcs in the ECG at rest (sec §
6.2.3.). A distinction is made between four severity categories with different severity
weights for additional ischemia. Patients with no ST-changcs arc again given severity weight
'0'. If ST-changes appear only in the leads with Q-wavcs, a severity weight of ' 1 ' is given. If
patients had ST-changcs in the leads with Q-wavcs plus in the leads with no Q-wavcs or if
ST-changes exclusively occur in the leads with no Q-wavcs, additional ischemia is
suspected, and the patient is given severity weight '2' . The majority of patients who had no
Q-waves at all during hospital stay (n= 56) had no exercise ECG and were classified as
missing cases (n= 35). Of the remaining patients who had no Q-waves at all, 11 patients had
no ST-changes during exercise and in 10 patients ST-changcs were present; they arc
classified in severity category '2 ' . The number of patients in each category is presented in
table 6.11.
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Table 6.11 Severity categories
myocardial necrosis.

Srvrnïy caffflofy

0

2

.WJ/OM/ o/ rv/rwi/i/ CUJM
M/.v.ring cos»

describing additional ischemia during exercise

D<>scr/p»ion f n

m» 5T-cnan^«
•ST-c/wnflM on 5rtm<> /ocflf/on
57"-c/wngf5 on rome «nrf a^/riomi/ /oca/ion
or 57-c/wn^w on/y on arfW/7/ona/ Jocaf/on

compared to

?^«<"nci>5

70

87

20J
26/

6.2.2.3. Severity based on 'reversible thallium changes'.

Thallium outlines cardiac locations with reversible and non-revcrsiblc myocardial ischemia.
Particularly during exercise, the nuclidcs 'decrease' in ischemic zones and 'increase' in non-
ischemic /ones. These ischemic /ones arc visualized by a reduced nuclear activity during
exercise followed by a normal nuclear activity after exercise (so-called redistribution). The
thallium test is performed normally just before a patient's discharge from hospital.

According to the thallium test the left ventricular wall can be subdivided into seven wall
segments: scptal, anterior, apical, lateral, posterior, inferior and basal. For each wall segment
the scores (0) which means no thallium changes present at all, or (1) which stands for
(partially) redistributed thallium changes arc recorded.

From u clinical point of view a distinction has to be made between partial redistribution and
complete redistribution. 'Complete redistribution' means that the cardiac area was
cncounlcrd by acute reversible myocardial ischemia; partial redistribution means that the
cardiac area may be injured by 'subacutc' reversible myocardial ischemia or myocardial
necrosis. However, only few patients in our population showed partially redistributed
thallium.

It is assumed that the severity of myocardial ischemia increases, if more wall segments show
typical thallium changes. The extent of reversible thallium changes is measured by the
number of wall segments with thallium changes. If no thallium changes occurred then
patients are given severity weight "()'. Patients with thallium changes in one or two wall
segments arc considered to be about equal as far as severity is concerned and arc given
severity weight ' 1 ' . Patients with thallium changes in more than two wall segments did not
occur in our data. The number of patients in each category is presented in table 6.12.
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Table 6.12 Severity categories describing the extent of reversible thallium changes.
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As was mentioned before it is assumed that myocardial ischemia in the antcroscptal wall of
the left ventricle has a more severe prognosis than in other wall segments. If no reversible
thallium changes arc present, patients are allocated to the lowest category with severity
weight ' 0 ' . When reversible thallium changes arc present in anterior, scptal or apical wall
segments, patients get the highest severity weight of ' 2 ' , in comparison to patients with
thallium changes in the other four wall segments who receive severity weight ' I ' . The
number of patients in each category is presented in table 6.13.

Table 6.13 Severity categories describing the location of reversible thallium changes.
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6.2.3. Severity of myocardial necrosis.
Myocardial necrosis is generally caused by thrombotic occlusion of coronary arteries. The
location and the extent of the infarction will depend on the anatomical structure of the
arteries, the site of current and previous occlusions and the adequacy of the collateral
circulation. Acute myocardial necrosis is characterized by irreversible injury of the heart
muscle. The severity of these irreversible changes is very important with respect to the
remaining ventricular function. Several techniques can be used to measure the heart's
irreversible damage. Among the techniques of observation used by cardiologists, results
from electrocardiograms, laboratory tests and thallium tests are supposed to be primary
guidelines in specifying and detecting the severity of myocardial necrosis.
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6.2.3.1. Severity based on electrocardiographic Q-waves.

The electrocardiogram (ECG) is a graphic record of the electrical currents generated by the
heart. The ECG can show which portion of the heart has probably been damaged. It
measures to a certain extent the magnitude of the damage. Specific ECG characteristics for
myocardial necrosis arc most frequently the disappearance of the so-called R-wavc and the
formation of the so-called Q-wavc. These Q-wavcs arc not always present at the moment of
admission but can develop within several hours. Q-waves on the ECG give an indication of
presence as well as location of myocardial necrosis.

Characteristic Q-\vavcs on the ECG arc collected for each time period. If more than one
ECG was performed in one period, the one most deviant from the normal situation is
considered to be relevant. The nccrotic wall segments of the left ventricle, observed by the
ECG, can be distinguished into: scplal, anterior, lateral, posterior and inferior'.

The results of the ECG interpretation were used to distinguish the characteristic Q-waves in
each group of leads, corresponding with each wall segment into: 0: no characteristic Q-
wuves and 1: Q-wavcs indicating necrosis.

rvfrnf <>ƒ my
Necrosis extending over more than two wall segments is assumed to be more severe than
necrosis restricted to one or (wo wall segments. Although the extent of necrosis is difficult
to measure using ECG, its data arc often used to predict to some degree the magnitude of
necrosis. In this study extent refers to the number of wall segments with typical Q-waves. It
is assumed that severity of myiKurdiul necrosis will increase when Q-wavcs arc found in the
ECG leads representing more wall segments.
If no Q-waves arc present patients get a severity weight of '0 ' . Patients with Q-wavcs
corresponding with one or two wall segments arc considered to be equivalent as far as
severity is concerned: they arc given a weight of T . If there arc three or four (or five) wall
segments with Q-wavcs, a severity weight of respectively '2' and '3 ' is given.

Typical Q-wavcs are defined:

Serial Q-wavcs in leads V1-V2 (V.I)

Anterior: Q-wavcs in leads V2-VS

1 «Herat: Q-waves in leads I. AVI.. Vft

IVslcrior: lnvcrsed Q or high R-waves in leads VI. V2 and T-wave changes in VI. V2

Interior: Q-wavcs in leads II. III. AVI'.
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As far as the extent of necrosis determined by significant Q-wavcs in the left ventricle is
concerned, there appear to be four different severity categories in the patient population ut
hand (see table 6.14.). Patients with no significant Q-wavcs present during the total hospital
stay are grouped into one category with severity weight "O": the number of patients in this
category is 56. Most patients (n=331) have consistent Q-waves corresponding with 1 or 2
wall segments with no changes during hospital stay; they form the second category with
severity weight ' 1 ' . Patients with consistent Q-wavcs corresponding with three wall
segments (n=46) and patients with increasing Q-wavcs in wall segments (n=29) arc grouped
into one category with severity weight '2 ' . Q-wavcs corresponding with four or five wall
segments do not occur in the population. In total three severity categories representing
myocardial necrosis are distinguished based on the extent of significant Q-wavcs measured
by the ECG at rest.

Table 6.14 (Combined) Severity patterns and categories representing the extent of Q-waves
during the total hospital stay measured by ECG at rest.
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A separate severity indicator is constructed which refers to the location of necrosis in the
myocardium. It is assumed that Q-wavcs corresponding with the antcroscptal site will be
more severe than in the other sites of the left ventricle. If no Q-wavcs arc present, these
patients are given severity weight '0' . In case Q-wavcs are present corresponding with non-
anteroseptal wall segments, patients receive severity weight ' 1 ' . Patients with Q-wavcs
corresponding with the anleroseptal wall segment arc given the highest severity weight of

Sever/fy g
The severity of myocardial necrosis measured by the location of Q-waves during hospital
stay can be represented by three different categories (table 6.15.). Once again patients with



no significant Q-wavcs during stay (n=56) form one category and arc given severity weight
'0' . Patients with consistent non-antcroscptal Q-wavcs (n=275) form a second category with
severity weight ' I ' . Patients with consistent anteroscptal Q-waves (n=122) and patients with
a deterioration from non-antcroscptal to antcroseptal Q-waves in a later phase of the stay
(n=9) are brought together in one category with severity weight '2 ' .

Table 6.15 (Combined) Severity patterns and categories representing the location of Q-waves
during the total hospital stay measured by ECG at rest.
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6.2.3.2. Severity of myocardial necrosis measured by enzyme changes in
the blood.

When heart muscular cells die, typical cellular enzymes arc secreted into the blood. Within
the fust days of a myocardial necrosis there will be an abnormal rise of these enzymes in the
blood. After several days the enzyme release will return to its normal level. The enzyme
release can be detected through laboratory analysis of the blood. The enzymes most
commonly analyzed arc Scrum Glutamic Oxalacctic Transaminasc (SGOT), Lactic
Dchydrogcnasc (LDH) and Creatine Phosphokinasc (CPK). The enzyme release during the
course of the infarction can often be used to estimate the size of the infarction. However, not
only the value of enzymes but also the time-span in hours in which these enzymes 'peak' is
an important indicator of the severity of myocardial necrosis.

For ull patients the following data have been recorded for each time period of their stay:
hours of pain

- SGOT-value
- SGOT-pcak value time

- CPK-valuc
- CPK-pcak value time

- LDH-valuc

the duration of ischemic pain from onset of pain to the hospital
admission;
the highest SGOT-valuc measured in a time period;
the time in hours after which the SGOT-pcak is reached,
measured from the moment of hospital admission;
the highest CPK value measured in a time period;
the time in hours after which the CPK-pcak is reached.
measured faim the moment of hospital admission;
the highest LDH-valuc measured in a time period; the lime in
hours to reach the LDH peak is considered to be of less
importance as far as severity of necrosis is concerned.



The mean duration of ischemic pain from onset of pain to the admission at the hospital is
approximately four hours, but looking at the median, most patients have only one or two
hours of pain. The mean time after which an enzyme peak is reached in hospital, is 20 hours
for SGOT and 18 hours for CPK.

Since the enzyme release pattern can differ for certain types of patients, for each type a
different approach to data analysis must be taken. Our research population can be
distinguished into:
1. patients with acute myocardial necrosis whose enzyme peak is reached during (he

acute phase (T-0);
2. patients with acute myocardial necrosis whose enzyme peak is reached within

three days (T-l); this is the common pattern (sec figure 6.16);

Figure 6.16. Enzyme release pattern in patients with acute myocardial necntsis measured by a
peak in T-l.
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3. patients with acute myocardial necrosis whose enzyme peak is reached after three days
(T-2);

4. patients with recurrent myocardial necrosis show in general two enzyme peaks, one in
the first part of the stay and another caused by a second increased enzyme release (sec
figure 6.17);



Figure 6.17. Enzyme release pattern in patients with recurrent myocardial necrosis measured
by peaks in T-l and T-2.
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5. patients with subacutc myocardial necrosis (necrosis happening just before admission
to the hospital) who have an enzyme peak just before hospital admission (see figure
6. IX).

Figure 6.18. F.nzyme release pattern in patients with subacute myocardial necrosis measured
by a peak before admission.

enzyme
release

bcrort
admission

TO
moment of
admission

Tl T2
duration of slay

Afc<i.fun'm<'nf <>ƒ .wvrnrv <)ƒ
A generally accepted rule in cardiology (De Zwaan c.a.. 1988) is that the highest enzyme
peak value during stay times the time-span in hours to reach this peak will give an indication
of the total amount of enzymes released during the phase of development of necrosis. If the
total amount of cn/ymes increases, the infarct-sizc and severity of necrosis is assumed to
increase. So. to measure the severity of necrosis based on enzymatic changes, the following
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general rule is applied; an area measure is calculated multiplying the highest enzyme value
during stay with the time in hours after which the peak was reached from the very first
moment the patient is complaining of typical ischemic pain.
Because of the different types of enzyme curves, it will be necessary to adapt this general
rule to more specific situations. A further description of constructing the SGOT-arca index is
given below.

If the enzyme peak falls in time periods T-0 or T-1 the following formula is applied:

SCOT area measures the highest SGOT-value during hospital stay (SGOTV) * (pain
before admission in hours (PBA) + the time in hours until the SGOT-peak is reached
starting from the moment of admission (SGOTT)).

If the enzyme peak falls in time period T-2 or T-3, the formula was shortened to: SGOT=
SGOTV * SGOTT. It is assumed that if the enzyme peak occurs after 72 hours, the duration
of pain before admission (PBA) is evidently irrelevant.

If patients have enzyme values below or equal to their so-called normal value, they arc
expected to have no necrotic abnormalities. Therefore, all enzyme values have to be
corrected by their normal values. This implies that in both formulas described the SGOTV
has to be replaced by: (SGOTV minus 'normal' value). If the cn/.ymc scores arc below this
standard, the calculated area measure is set to zero: no significant enzyme release. If a
negative area measure is obtained, the patients concerned also receive a zero value. Mean
'normal' enzyme values, that are used in our analysis arc: SGOT: 20 U/l, CPK : 90 U/l and
LDH :250 U/l.

If a patient is also suffering from liver disorders certain types of enzymes arc expected to be
unspecific to predict the severity of myocardial necrosis. The enzymes SGOT and LDH, arc
particularly influenced by liver disorders. The presence and amount of cell destruction in the
liver is specifically measured by the enzyme called Serum Glutamic Pyruvatic Transaminasc
(SGPT). If the SGPT-score is higher than 100 U/l, the SGOT and LDH scores arc considered
to be unreliable: consequently eacht type of enzyme measure is considered as missing for
these patients.

The same formula is applied if patients have recurrent necrosis during their hospital stay
(n=l 1). The duration of the second enzyme peak then starts from the moment that the patient
experiences heavy ischemic pain for the second time during hospital stay and ends when a
second enzyme peak is reached. Two area measures could be calculated but the latter is used
as the most relevant.

Missing data.

In applying the rules above, we did encounter considerable problems with regard to musing data. The duration
of ischemic pain before admission to the hospital was unknown (i.e. lacking in the medical record) for 121 of
the 464 patterns (26 %). Another problem concerns patients with so-called subacute infarction whose enzyme
peaks are unavoidably underestimated because they had their enzyme peak before hospital admission. If one or
more scores in the formulas were missing, the patients concerned are generally excluded from further data
analysis. To minimize this loss of cases, theoretical values have been substituted for missing data. In three
specific instances substitution of theoretical values for missing data has taken place:



Patients with unknown duration of ischcmic pain before hospital admission, while their peak value lime was
known. In this situation the mean duration in which an enzyme peak is normally reached (24 hours in case of
S(KJT and 20 hours in case of CPK) has been substituted for the total peak value lime (including duration of
ischcmic pain).
Patients, with an unknown peak value lime, while the duration of iscbemic pain before hospital admission was
known. For a large part this concerned patients with a subacule infarction, who on admission already had the
highest enzyme score. In case an cn/.ymc peak is reached in period T-0, a period of 4 hours is substituted for the
unknown peak value lime, because it is expected that the first laboratory results would be available by that time.
In some cases the duration till the enzyme peak is reached in T-l was unknown; the total duration is then
substituted using the same rule as described for the situation above.

Patients with both unknown duration of ischemic pain and unknown peak value time. If both variables were
unknown and the cn/ymc peak occurs in T-0 or T-l. the same rule as described above is applied for the total
time period concerned.

Substitution of theoretical values for missing data could imply that the reliability of the severity-indices is
affected, certainly in the cases of patients with a sub-acute infarction. ()n the other hand, the number of patients
included in analysis is salvaged as much as possible and the severity-indices may have become more
representative In order to study the effect of the substitution, the severity indices in both instances (missing data
excluded and included) have been calculated. Correlations between the three enzyme severity-indicators did
Increase somcwhiil (especially in T-0) due to the inclusion of patients with substituted data. Comparing the
outcome of both versions it was concluded that the inclusion of the theoretic values docs no substantially harm
to the original means and standard deviations. Thus, more patients could be included in subsequent analyses.
I Tic cn/.ymc release with Inclusion of theoretical values will henceforth be used.

The cn/.ymc release is u reliable and oficn used measure for the patient's severity of
myocardial necrosis with respect to his or her hospital stay. Therefore, this measure is taken
as an indicator for the severity of myocardial necrosis. If the enzyme peak falls in period TO
then (he area measure of TO is taken, if the enzyme peak falls in Tl the area measure from
Tl is taken and so on. An exception is made for patients with u recurrent infarction while in
hospital. For these patients (n= 12) the cn/.ymc output can rise again and a change in
severity of necrosis measured by enzyme values will then be relevant. For these patients the
cn/.ymc release of the first infarction is taken and the second infarction is seen as a
complication; a separate variable is constructed which distinguished patients who have a
recurrent infarction while in hospital from patients who have only one infarction. The three
types of cn/.ymc release for the patient population at hand arc presented in tables 6.19-21.
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Table 6.19 Severity categories indicating myocardial necrosis estimated by total SGOT-release.

Description Fm"^«enci«

0 no sign. SCOFcnanges 2
ƒ < / 5flO f t//7 */iours; 8 i
2 7500 - JOOO (t//7 * /tours; 84
1 J000 - 6000 ((//? * «ours; 96
4 6000 - 9000 f (7// * «ours; 46
5 9000 - 72000 f (7/7 * /lours; 28
6 >/2OO0(l//7*/iours; 78

Su/wora/ o/ n?/evanr cases J57
Aftssing cases 707

7bw/ 464

Table 6.20 Severity categories indicating myocardial necnisis estimated by total CPK-releasc.

Severity caregory Description Frr^Mrncief

0 /io sig. CT'/C c/w/tges 9

2 /0O00 - 20000 f LW * «ours; 74

1 20fWf;-40000 ((/// */io«rs; 706
4 4ooor; - ófjoor; f t//7 * /wwrs; 60
5 > 60000 f 1//7 * /lours; 56

5«/>fom/ o/ n?/pvanf cases J90
Af i'sA7';ig cases 74

464

Table 6.21 Severity categories indicating myocardial necrosis measured by the LDII-peak
during stay.

Severity caregory

0

2
i
4
5

Sufcrora/ o/ne/evanr cases
Af iss/ng cases

D«crv»lto«

no sign. LD// c/w

700-/400 f(//7;
7400-2/00 ft///;
2/00 - 2*00 ft///;
>2*oof(//z;

7J0
54
20
70

408
56

7bra/ 464
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6.2.3.3. Severity of necrosis measured by 'irreversible thallium changes'.
Another method to measure myocardial necrosis is the so-called thallium test (see also §
6.2.2.3). In nccrotic parts of the heart the thallium uptake is severely reduced compared to
other parts. Irreversible thallium changes located by 'dark spots' measure myocardial
necrosis or sometimes severely injured tissue which possesses a longer lasting recovery
time.

Scores on the thallium test for each wall segment are: (0) no irreversile thallium changes and
(1) presence of irreversible thallium changes.

It is assumed that severity of myocardial necrosis will increase, if irreversible thallium
changes arc extended over more wall segments. The number of wall segments with
irreversible thallium changes is used as an indicator for the extent of myocardial necrosis.
The number of wall segments with irreversible thallium changes is connected with a severity
weight. If no irreversible thallium changes arc present, a severity weight of '0' is given. In
case one or two wall segments have irreversible thallium changes, severity is assumed to be
equal and patients arc given a severity weight of ' 1 ' . When three or more wall segments
show irreversible thallium changes, severity is expected to be high and those patients are
given a severity weight of '2' . The number of patients in each severity category is presented
in table 6.22.

Tuhle 6.22 Severity categories describing the extent of irreversible thallium changes.

Smviry «»i

22
y i'/wmiW*' f/wWium <7HM#M in / or 2 vta// 56

menu

>Vn/>h>r<i/ <>ƒ /Wf win/ (VMM 8 6

J78

TOM/ 464
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This indicator refers to the location within the left ventricle where irreversible thallium
changes may be observed. As discussed before, it is assumed that myocardial necrosis
present in the untcroscptal wall segment of the left ventricle is more severe than when
present in other wall segments. A severity indicator is constructed to measure the severity of
irreversible thallium changes based on their location in the left ventricle. If no irreversible
thallium changes arc present these patients arc given a severity weight of '0' . Patients with
irreversible thallium changes in the antcroscptal wall segment are given a higher severity
weight (severity weight of "2") than the remaining patients (severity weight of T ) . The
number of patients in each severity category is presented in table 6.23.



Table 6.23 Severity categories describing the location of irreversible thallium changes,

category

0 no irmrrriW? dki//iu/n c/wng« 22
7
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6.2.4. Severity of ischemic pain.
Patients with myocardial ischemia often exhibit prolonged chest pain. Usually, patients with
myocardial infarction will experience severe typical pain in the precordial area and radiation
to the left shoulder and arm. In some cases the pain will be absent or minor and will be
overshadowed by the symptoms of acute complications. The presence or absence of typical
ischcmic pain is measured for each time period. Subsequently, a trend in ischcmic pain is
distinguished in the following way (sec table 6.24.): patients with no ischcmic pain during
the entire hospital stay arc grouped in severity category '0' (n=55); patients suffering from
ischcmic pain only during the acute phase of the stay (TO and Tl) arc grouped in severity
category ' 1 ' (n=307). Patients with (prolonged) ischcmic pain during the acute phase of the
stay as well as later on during hospital stay (T2 or T3) are grouped in severity category '2'
(n=95).

Table 6.24 Severity categories describing ischemic pain during stay.

Sewrify ca/fgory

0

2

Missing cases

7b/a/

no isc/if/n/c pain af«//
acM/<> isc/i^mic />rti/i o/i/v in 70 «r 7"/
p/w/o/igea' isc/if mic pain in 7"2 or 7"J

s

55
J07
95

457
7

6.2.5. Severity of cardiac wall motion abnormalities.
Due to myocardial injury abnormal wall motion in the cardiac wall segments can occur. The
cardiac wall motion is measured usually by echocardiogram. Impaired contraction of
specific cardiac segments can be monitored and distinguished, by this technique. Mildly
injured zones lose part of their ability to contract (hypokinctic segments). Severely injured
segments may fail to contract (akinetic segments) or can bulge in opposite direction
(dyskinetic segments). So, abnormal cardiac wall motion can affect the heart's pumping
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performance (cardiac function: sec § 6.2.8).
By means of echocardiography it is possible to visuali/.c the contractile pattern of the seven
left ventricular wall segments: scptal. anterior, lateral, posterior, inferior, basal and apical.
For each wall segment, four types of wall motion abnormalities are distinguished:
0 : No wall motion abnormalities;
1 : Hypokinctic abnormalities: reduced wall motion;
2 : Akinetic abnormalities: absence of wall motion;
3 : Dyskinctic abnormalities: paradoxical wall motion;

• //iff/i.tt7y «ƒ cardVac tva// /
The intensity (or degree) of left ventricular wall motion abnormalities is measured by the
type of scgmcntal wall motion abnormalities. It is obvious that if no wall motion
abnormalities arc present, patients arc categorized in the lowest severity group of '0 ' .
Hypokinctic deviations arc assumed to be less severe; patients with only this type of wall
motion abnormality arc also grouped in severity category '0 ' . Akinetic or dyskinetic
deviations arc assumed to be more severe. Patients with cither akinetic or dyskinctic or both
wall motion abnormalities arc assumed to be equal as far as severity is concerned; they are
grouped in severity category ' 1 ' . The number of patients within each severity category is
presented in table 6.25.

Tnble 6.25 Severity patterns and categories describing the intensity in cardiac wall motion
abnormalities during total hospital stay.

.Vrvrrify /.V.tcri/jf/o/i Frf<?.
/>«/!<• rM

(i ;io MY/// rnofiwi <j/>Morm<i/iri» 22

n't' «</// mofi'im 62
'.vJtiMrtif MÏI// mof ion /56

rttiViffir rtnrf /iv/wiiwrf/V u-«// /nor/o/i ^ 1 ' 2J2

«ffie j w«// morion

o/zic/^vrtn/fajw J/6 i/6
A / l ' . V . V I N ^ ( < i

464 464

77i«' ƒ
The extent of wall motion abnormalities refers to the number of wall segments with any kind
of wall motion abnormality. As mentioned above, seven wall segments are distinguished and
il is assumed that the severity of abnormal wall motion would increase when the number of
wall segments with abnormality increases. If no wall motion abnormalities arc present
patients will get a severity weight of"()'. Patients with wall motion abnormalities in one or
two wall segments arc considered to be equivalent as far as severity is concerned . They get
a severity weight of ' 1 ' . If there arc three or four wall segments with wall motion
abnormalities, a severity weight of ' 2 ' , respectively ' 3 ' is given. Patients with wall motion
abnormalities in five wall segments arc given a severity weight of ' 4 ' . Due to small
numbers, patients with wall motion abnormalities in six or seven wall segments are rccoded
into the same category group and obtain a score of ' 5 ' . The number of patients in each
severity category is presented in table 6.26.
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Table 6.26 Severity categories describing the extent of cardiac wall motion abnormalities
during total hospital stay.

car^gory D«cri/>fion

0 no HYI// mofiofi aónorrmi/ifiVs 22
ƒ HYI// morion u/mo/rmi/iriVs in / or 2 HYI/U /2<5
2 H-«// morion <j/>nomui/in>s in i HII//J 89
J HYI// morion u/'nomKj/irïrs in 4 HYJ//S ^0
< HYI// mof/'on u/monmi/iriVs in 5 HYJ//S 22
5 HYI// morion a/>norm<j/ir irs in rt or 7 HYI//S / 7

A ƒ using o w n

r/if /oca/ion «ƒ cart/iac »va// wiofion
This severity dimension refers to the expected vulnerability of any kind of abnormality in
the left ventricle. As discussed before abnormalities in the antcroscplal segments arc thought
to be more severe than abnormalities in the other segments, regardless of the extent or the
intensity (degree) of kinetic abnormalities. Patients with antcroscptal wall motion
abnormalities are placed in a higher severity category with a severity weight of '2 ' . Patients
with wall motion abnormalities in other segments of the left ventricle arc given a severity
weight of ' 1 ' . Patients with no wall motion abnormalities at all arc given a severity weight
of '0' (table 6.27.).

Table 6.27 Severity categories describing the location in cardiac wall motion abnormalities
during total hospital stay.

aiffgory I>MtTi/>fion Fflfguwic/M

0 no WYI// morion «/>no/7mi//ri>.s 22
/ non-f!nr?m.f<y?M/ HYI// morion «/wiorm/i/inVi /65
2 anffrosp/Mtf/HYI//morion a/wio/rna/ifiM /29

i/6
Af using casM /48

Tow/ 464

6.2.6. Severity of cardiac rhythm disorders.
Patients with myocardial infarction arc vulnerable of getting sudden, unexpected
disturbances in heart rhythm. A cardiac arrhythmia is defined as a deviation of the 'normal'
rhythm of the heart. Rhythm disorders are usually recognized by specific ECG-
abnormalilies. Both, myocardial ischemia as well as myocardia! necrosis can cause rhythm
disorders. Rhythm disorders may be present within the normal pacemaker cells in the sinus
node or AV node, in parts of the conduction system or in the remaining tissue of the atria
and ventricles.



For every hospital period five types of cardiac rhythm disorders were recorded (see table
6.28) as (0) not present and (1) present.

S^vtWry
Each type of cardiac rhythm disorder is given a severity weight representing the seriousness
of the rhythm disorder with regard to morbidity and mortality. It is assumed that the severity
of particular cardiac rhythm disorders will differ depending on time of occurrence during the
stay in hospital. A difference in severity weights is made between cardiac rhythm disorders
during the acute phase (time periods TO and T-l) and the follow-up phase (time periods T-2
and T-3). The severity weights for each cardiac rhythm disorder specified for the period of
incidence arc presented in table 6.28.

Table 6.28 Severity weight of different cardiac rhythm disorders in relation to the phase of
«lay.

TV/J* o/Ca/irfiflc Wiy//wn dMonfrr A

M> nr/rwinf CYW/IVIC r/iy//wi rf«o«/er

j4/nV///7«ff<'r/-/(/>ri7/rt/i7»M
Aton-.(u.fM(ni*(y iT/irricu/nr /«c/myi/W/Vi
.VM.vf«(>i<"f/ v<vifr/Vu/tfr /flc/ivrrtnri/fl

cii/*p/ia5f (7WT/) f o /

0

2
0*
0

/ow-up p/wif (T2/TJ)

ö

2

V«i /ri< •«/« r /7«/f f r/-/ï/*n7/« f W/M

* .vr/(/<wi/v /)rf.\r«f /'/i T/, mwi'n/v prrt/'/ir /« '

The severity of cardiac rhythm disorders is measured by the most severe rhythm disorder
occurring during the acute phase, respectively the follow-up phase of the stay. This means
that if two or more different rhythm disorders arc present only the most severe (the one with
the highest severity weight) is taken into account. It is expected that the rhythm disorder
with the highest severity weight will be sufficient in measuring the overall severity of
cardiac rhythm disorders.

Srwriiy eafc^
The severity categories arc determined by the type of rhythm disorders and the appearance
of these disorders in the acute phase or the follow-up phase. A multivariate analysis giving
insight into the patterns of appearance of these characteristics provides many unique
combinations of cases. Because of the uniqueness of each of these severity patterns, no rules
can be established to combine the many 'pattern' groups of rhythm disorders into one
ordinal dimension or scale. All ten categories of rhythm disorders that occur in our
population arc presented in table 6.29 as a nominal scale (a to j). A large group of patients
(n=222) have no rhythm disorder at all during hospital stay; they are allocated to one
severity category 'a'. The next largest group of patients with rhythm disorders concerns



patients with sinustachycardia, exclusively within the first three days of the infarction
(n=105); they are grouped into the nominal category 'b'. Patients with ventricular flutter/-
fibrillations, exclusively within three days of the infarction (n=18) arc grouped in severity
category 'd'. Patients with atrial fiuttcr/-fibrillations are divided over three different severity
categories: patients with this arrhythmia, exclusively within the first three days of infarction
('c', n= 21). patients with this arrhythmia within the first three days of infarction combined
with sinustachycardia or non-sustained ventricular tachycardia in the follow-up phase ('g',
n=6) and patients with recurrent atrial flutter/-fibrillations (first three days and later on) ('h',
n=31).
Patients having sinustachycardia or non-sustained ventricular tachycardia in a later phase of
the infarction without any previous arrhythmia ('e'. n=18) are distinguished from patients
with recurrent sinustachycardia or non-sustained ventricular tachycardia during hospital stay
('f, n=26). Patients with ventricular fiuttcr/-fibrillations during the first days of the infarction
combined with atrial fluttcr/-fibrillations or sinustachycardia later on ('i', n=7) arc
distinguished from patients who had sinustachycardia or atrial fluttcr/-fibrillations in the
beginning and still had ventricular fluttcr/-fibrillations or sustained ventricular tachycardia
later on ('j', n=9).

Table 6.29 Severity categories describing type and time of appearance of cardiac rhythm
disorders.

Afomi/w/ wvf rify aiff/jory

a no r/ivr/i/n dijo/rfrr 222

2/

I/I

acu/«> J 4 F / F tom/ji/K'rf wif/i .vi'/tujfrzcTiyran/tVj or

i/
flCM/c VF/F «wi/>i/i«/ HÏf/i ,4F/F or 5i/ii«fac/iy- 7

«cure ji/iurtar/nran/ia or -4F/F comfti/ift/ tw'f/i 9
VF/F or .fu.rMin<Y/ mi/ricw/ur McTiycfl/rfia i/i/fo/-

Su/wora/ o/ re fcva/if cas« 46J

AF/F =
VF/F =
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Conduction disorders during the first three days of the stay of AMI-palicnls have a medical
significance that differs from conduction disorders after three days of the infarction. This
important notion is taken into consideration when looking at the trends in conduction
disorders for the patient population at hand. A rough distinction is made in acute conduction
disorders (during the first three days of stay) and conduction disorders in the follow-up
phase (T2/T3). The different types of conduction disorders in our patient population have
been listed. There appear to be seven different categories of conduction disorders (table
6.31). Patients with no relevant conduction disorder during hospital stay (n=372) arc
grouped in severity category 'a'. Patients with only Mobil/. I AV-block during the first three
days after infarction (n= 11) are grouped together in severity category 'b'. Patients with
Mobitz II AV-block or a third degree block with nodal escape rhythm exclusively during the
acute phase are grouped in category 'c' (n=36). Patients with an acute right bundle branch
block (n=ll, also including a few patients who have the same conduction disorder after
three days) arc grouped in severity category 'd'. Patients with third degree block with
ventricular escape rhythm exclusively during the first three days of infarction arc placed in
one severity category ('e', n=12). If patients have intermittent (recurrent) right bundle branch
block, they are grouped into a separate severity category ('f, n=18). Patients who have a
third degree block with ventricular escape rhythm after three days in hospital (alter having
conduction disorders during the first three days of infarction as well) arc grouped in another
severity category ('g', n=4).

Table 6.31 Severity categories describing type and time of appearance of cardiac conduction
disorders.

Afomi/ui/ if wiry category

a

c

ƒ

7bra/

DcicnpfHMi /•"nc<i

«o rom/ucfron t/woreter
«n<r? Motor: / /IV-Wot*
«cur? Motor; ///4V-fr/ot* or «fM/c f/ii're/rfc-
gr«' Wot* H;f/i not/«/ «•.«•«/if Wivr/i/n
«f«r<* r/̂ '/ir /)ii/it//f /;r«;it7i Wot*
arure //lire/ t/pgrp*' />/ot* w7r/i vrnrricu/wr « ra -
p<> r/i^r/im
rpc//rrf«r rr'̂ y/f W l r />r«nf/i Woct
//«re/ f/p^rpc Woel romto'/ifrf w7r/i v«*nrn'ftt/«r
f.sfrt/jp r/ivr//m iri/o//otv-u/7/>/ta5^

J72
//
J6

//
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/ff

6.2.8. Severity of heart failure.
The main function of the heart is to provide an adequate amount of blood for the various
body tissues. Heart failure is a condition in which the heart is unable to pump the required
amounts of blood into the circulatory system. Heart failure can be restricted to cither the left
or the right ventricle of the heart.
By means of echocardiography the Left Ventricular Ejection Fraction (LVEF) and the Left
Ventricular End Diastolic Dimension (LVEDD) can be obtained indicating the severity of
left ventricular failure. The collapse of Vena Cave Inferior (VCI) can be used as a severity
indicator for the pumping capacity of the right ventricle.
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severity of heart failure

Kvcrily of left ventricular
heart failure

degree of
reduction
in Icfi ventricular
ejection fraction

(i.vr.u

6.2.8.1.

severity of right ventricular
heart failure

6.2.8.2.

degree of
enlargement in
left ventricular
end diaslolic
dimension
(I.Vhl)l))

degree of collapse
vena cave inferior

(VCI)

6.2.8.1. Severity of heart failure in the left ventricle.

Vi*n/rjeu/ar £/>rft7>n Frac/iVvi fLVEF,).
Measurement of the LVEF by cchocardiogram is in most cases performed only once during
hospital stay. For the entire patient population at hand only 7 patients had two
cchocardiograms; in those cases the last score is used. The LVEF measurement is a
percentage-index normally (in healthy persons) ranging between 40 9? and 70 %. If the
LVEF decreases the severity of heart failure increases. The results of the LVEF are
categorized into severity groups, illustrated in table 6.32. In total, 141 patients have no
LVF.F-score because of missing data or mostly because cchocardiography has not been
applied during hospital stay. Most patients (n=183) have a 'normal' LVEF-valuc. In patients
with impairment of pumping function, 81 showed a slight impairment, 50 patients showed a
severe impairment and 9 patients showed a very severe impairment.

Table 6.32 Severity categories describing heart failure measured by the Left Ventricular
Ejection Fraction.

Sc vrnry aifrgo

im/xji'/TOfTir (20% < LVEF < JO %)
vr/y s n w imprt/rm<'/if (LVEF < 20%)

50
9

J2J

464
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Z</ï V4r/i/nc«/ar £/it/ Diaffo/jc Dim?/uion (Z.VEDD).
The second indicator to measure left ventricle heart failure is the Left Ventricular End
Diastolic Dimension (LVEDD). This is the largest diameter at the end of the diastolic phase
(expressed in millimeters). It is assumed that severity of heart failure will increase if the
LVEDD increase. Patients arc categorized into two severity groups: "()' patients with
•normal' LVEDD of less than 55 mm (n=282) and ' 1 ' patients with deviating LVEDD of
more than 55 mm (n=36).

6.2.8.2. Severity of heart failure in the right ventricle.

The pumping capacity of the right ventricle can be measured by the percentage of collapse
in the Vena Cava Inferior (VCI-indcx). In normal conditions the VCI-indcx is expected to be
higher than 50 9h The percentages of the VCI collapse arc catcgori/cd into two severity
groups: '0', patients having 'normal' VCI of more than 50 9F (n=281) and ' 1 ' , patients with
deviating VCI of less than 50 9f- (n=37). During hospital stay, 18 patients show abnormal
wall motion in the right ventricle while 76 patients appear to have significant ST-changcs in
the right ventricle as indicated by ECG-lcads.

6.2.9. Severity of physical deficiencies and specific cardiac
complications.

Specific cardiac complications relevant in the context of this study arc: mitral insufficiency
(n=60), cardiac shock (n=48) and pericarditis (n=43). The previous cardiovascular and
cardiac deficiencies (§ 6.2. l-§ 6.2.8) will directly or indirectly cause specific deficiencies in
other organs. In some cases deficiencies (measured by 0-1 scores) like palpitations (n=24),
prc-collapse (n=36), syncope (n=39) and Cerebral Vascular Accident (CVA)/Transicnt
Ischcmic Attack (TIA) (n=9) may occur. Consequences of lefl-sidcd heart failure like
pulmonary edema (table 6.33) and dyspnea (n= 115). may be present. Right-sided heart
failure can lead to hepatomegaly (n=26), leg edema and ascitcs (table 6.34). Furthermore, a
patient's condition may be determined by observing his or her blood pressure. Low blood
pressure (systolic bp < 90 mm of mercury) is measured in terms of four severity categories:
'0', no low blood pressure (n=3()6), ' 1 ' , low blood pressure in only one time period (n=97),
'2', low blood pressure in two lime periods (n=44), '3 ' sustained low blood pressure in three
or four time periods (n=17). High blood pressure (systolic bp > 150 mm of mercury) is also
measured in terms of four severity categories: '0', no high blood pressure (n=352), ' I ' , high
blood pressure in only one time period (n=77), '2 ' , high blood pressure in two lime periods
(n=22), ' 3 ' sustained high blood pressure in three or four time periods (n=13). Myocardial
infarction may be followed by Angina Pectoris (AP). The New York Heart Association
(NYHA) has developed an international standard to measure AP given different stages of
exertion. For the patient population, patients arc categorized according to the NYHA-indcx
into : I; no AP (n=3O4), II; AP during heavy physical exertion (n=l); III; AP during minor or
moderate exertion (n=12)and IV; AP at rest (n=138).
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Table 6.33 Severity categories describing lung edema in AMI patients during stay.

J55
ƒ m/'/ior /u/ig frf̂ mfl 59
2 mo<frra/<' /u/ig <*rff/mi 29
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Table 6.34 Severity categories describing body edema in AMI patients during stay.

44J
«v/̂ /rw i/i «/!*/« or ƒ«•<•/ / 6

i I/I /«" î or aMomr/i 5
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In table 6.35 descriptive statistics of all severity indicators as described in this chapter arc

presented.

Table 635 Descriptive statistics on indicators of severity of illness in AMI patients during stay
(86 < n < 464).
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6.3. Background characteristics of patients.
Individual background characteristics may be related to a patient's severity of illness during
hospital stay (6.3.1). Specific contra-indications for medical treatment may also be related to
medical care costs (6.3.2). Next to individual background characteristics the enrollment of
patients in a research protocol is taken into account (6.3.3).

6.3.1. Individual background characteristics.
It might be expected that severity of myocardial infarction will vary according to typical
patient characteristics. For instance older patients arc assumed to be different with regard to
severity than younger patients. In addition, specific risk factors for cardiovascular disease
and the patient's medical history arc thought to be relevant.

The patient's background characteristics can be distinguished into six categories:

1I) demographic patient characteristics; this concerns the patient's age and sex.
(2) risk factors; these arc factors that might be related to myocardial infarction (like

smoking, high blood pressure, diabetes etc.).
(3) cardiovascular medical history; this concerns cardiovascular problems before the

current hospital admission which might be related to the severity of the myocardial
infarction during hospital slay.

(4) cardiovascular therapeutic history; this covers previous medical interventions with
respect to cardiovascular problems before the current hospital admission of the patient.

(5) non-cardiovascular medical history; this concerns former medical, non-cardiovascular
complications.

Data on variables belonging to these five categories of background characteristics have been
collected using the patient's medical record. Registration of these variables did result mostly
in dichotomous variables. For the patient population at hand, results arc presented in table
6.36. As can be seen from this table, risk factors like smoking and positive family history
with regard to heart diseases affect almost half of the patients. Nearly 5O9f of the patients
had angina pectoris before hospital admission, 28 9f suffered from hypertension and 11 %
were known to have coronary insufficiency. In 25 % of the cases patients suffered from (one
or more) previous infarction(s). To a lesser degree, patients had rhythm disorders (8 %),
peripheral and cerebral atherosclerosis ( 99T and 69f rcsp.) or heart failure (5 9f-). Other
cardiovascular deficiencies had occurred infrequently: 59h of all patients underwent
coronary bypass surgery and 3 9f- had received thrombolytic therapy. PTCA and pacemaker
implantation was performed in 1 9f of the patient population. In 9 * of the cases respiratory
problems (COPD), in 4 '#• kidney disorders and in only 19? liver disorders were present as
non-cardiovascular deficiencies.
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Table 6J6 Descriptive Statistics on the patient's backgn>und characteristics.
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6.3.2. Contra-indications.
Contra-indications to diagnostic or therapeutic services are very important in explaining
decision-making in therapy and costs of treatment. It is quite clear that one treatment of
patients having an acute myocardial infarction is very much influenced by specific contra-
indications. This treatment concerns thrombolytic therapy. In 1987-1988 at the Department
of Cardiology in Maastricht thrombolytic therapy was normally not given to patients older
than 75. Furthermore if the duration of ischcmic pain before the moment of admission was
more than six hours, or if patients were in coma also no thrombolytic therapy was given.
The rules according to which decisions arc made may differ from hospital to hospital, from
one country to another or from year to year. In our patient population 78 patients arc older
than 75 years, 52 patients had ischcmic pain more than 6 hours before hospital admission
and 11 patients were in coma on the moment of admission.

6.3.3. Enrollment of patients in a hospital research program.
A patient's involvement in a scientific research protocol during his or her stay in the hospital
is also recorded. In the University Hospital of Maastricht projects for scientific and/or
educational purposes arc quite normal. If patients have been subject to a specific research
protocol of a clinical trial involving specific patient care, this characteristic is specially
recorded. One important research project was taking place during the period of
investigation; it concerns a multi-center clinical trial to compare the efficacy of the
experimental thrombolytic drug 'pro-urokinasc' to the standard drug 'strcptokinasc' (PRO-
urokinasc In Myocardial Infarction). Henceforth this clinical trial will be called the PRIMI-
prolocol, (Meyer, 1989). For the patient population at hand 59 patients had been allocated to
participate in this clinical trial. During the acute phase of the stay all patients involved in this
trial did receive thrombolytic therapy followed by a heart cathctcri/ation.
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7. Investigating hypothesized relations
between severity of illness and costs of
medical care.

In this chapter results regarding the relationship between the patient's severity of illness and
specific costs of medical care will be presented. Differences in costs observed in the
research population at hand will be analyzed. First, methods used in data analysis will be
outlined (7.1.). A distinction will be made between the relation of period-specific costs of
medical care and the period-specific classifications of severity of illness (sec model in figure
3.2.), and the relation of costs of medical care during total hospital stay and the (dynamic)
classifications of severity of illness (sec model in figure 3.3).

Next, in § 7.2. a period-specific cost analysis will be presented for costs of medical care made
during the acute phase of the stay. Costs of thrombolytic therapy, heart cathelcrization and
PTCA are generally made during this phase of hospital stay. It is assumed that differences in
these costs depend on differences in severity of illness during this time period.

The second type of analysis concerns the patient's total hospital stay (§ 7.3.). It stands to
reason that changes in severity of illness may be relevant in explaining length of stay and
costs of medical care during total hospital stay. The (dynamic) severity categories defined in
chapter 6 arc assumed to be more appropriate for this type of analysis. In § 7.3 the following
dependent variables will be analyzed: the length of stay, the costs of the CCU and other
costs of medical care (i.e. drugs, laboratory services, electrocardiograms, cchocardiograms
and exercise tests). Finally, the conclusions will be summarized (§ 7.4.) and results from this
chapter will be used to propose a Severity of Illness Classification (SIC) for patients with
Acute Myocardial Infarction (sec chapter 8).

7.1. Methods used in data analysis.
The main goal of the forthcoming analysis is to investigate which severity criteria have a
substantial effect on length of stay or specific costs of medical care.
The multivariatc models in chapter 3 will be translated into a path-analytic model. Path
analysis is a method of causal data analysis: relations between variables arc assumed to be
causally asymmetric and will correspond to the hypothesized relations between concepts in a
theoretical model. In such models one is usually interested in explaining a 'dependent'
variable (i.e. specific costs of medical care or length of stay) and the other variables may be
seen as the 'independent' variables (i.e. severity indicators) providing the explanation of the
variations within the dependent variable. Correlations between the dependent variable and
the independent (the explaining) variables can be differentiated into direct effects, indirect
effects (via other factors) and other correlational rest relations. The statistical distribution of
the dependent variable is usually assumed to be normal and the scale of measurement is at
least the interval scale. If the measurement level of the predictors is also interval, relations
arc usually thought to be linear. No interactions arc assumed to exist between the causal
factors with regard to the dependent variable. In this case a linear regression analysis can be
performed.
In this study the dependent (costs) variables are ratio-scales, but the independent (severity)
variables will vary from nominal to interval-scales. In such case one can usually perform an
analysis of covariance: the effects of the interval variables can be examined after controlling
for the nominal variables and vice versa. For instance, the effect of enzyme release
(independent interval variable) on length of stay (dependent variable) can be investigated
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separately for men and women (nominal variable). However, if we are interested both in the
effects of sex (factor) and enzyme release (covariate) on e.g. the length of stay, a
combination of analysis of variance and regression analysis should be performed. This is
done in analysis of covariance, which is a combination (a hybrid) between regression
analysis and analysis of variance. The analysis of variance-part in analysis of covariance is
identical to a procedure referred to as dummy-regression analysis, in which the nominal
variables are broken down into so-called dummy variables. One of the advantages of using
dummy regression analysis is that all effects of interval as well as nominal independent
variables on the dependent variable can be examined within the terminology of regression
analysis.

* Dummy-variable construction.
Severity of illness measured by categories representing nominal variables can be broken
down into dummy variables. Dummy variables (or '0-1' type variables) obey the 'simple
contrast' assumptions in analysis of variance. One of the advantages of this contrast is that it
will discriminate between patients who have no deficiencies ('normal') and patients with
clinical deviations from 'normal'. Combinations of K-l dummy variables will be used when
the nominal variable contains K classes. All dynamic severity categories expressed in a
nominal scale can thus be represented by dummy variables. This concerns the categories
representing cardiac rhythm disorders (sec § 6.2.6) and the categories representing cardiac
conduction disorders (sec § 6.2.7.). All other severity categories arc assumed to have an
order; these categories can also be decomposed to dummy variables. Another advantage of
using dummy variables is that patients having missing values on the severity indicators can
be represented by a special dummy variable. This way, the total patient population can be
included in the regression analysis and an unnccccssary reduction in the number of patients
can be avoided in data analysis. These missing categories concern the severity categories of
coronary stenosis, myocardial ischemia measured by Bruce tests and thallium exercise tests,
myocardial necrosis measured by cn/ymc rates and thallium exercise test, ischemic pain,
cardiac wall motion abnormalities, the LVEF and specific physical deficiencies. All dummy
variables used in the forthcoming analyses arc described in appendix 16.

* Procedures in data analysis.
First, all correlations between dependent and independent variables are screened for
statistical significance. All independent variables having statistically significant correlations
with the dependent variable in question will be presented in a correlation matrix. In order to
reject null hypotheses involving effects in the regression model a 95 % probability level of
statistical significance is maintained. In case of nominal variables first a 'one-way' analysis
of variance is made and eta'is calculated. Subsequently, each variable will be tested for
significant effects on the dependent variable. A general linear regression model will be
applied using the least squares estimation (Schroedcr c.a. 1986, Fox. 1991). The regression
analysis is made by introducing blocks of independent variables. Variables having a
significant effect in an analysis will be included into a next step in which a new block of
variables is tested. The process will be repeated until all possible effects have been
investigated. The eventual regression analysis will contain only those variables having a
significant effect on the dependent variable. Only the results of the eventual regression
analysis model will be presented in the forthcoming paragraphs. Of course, if one contrast in
the K-l set of dummy variables belonging to a nominal variable with K categories appears
to be statistically significant, (he whole set will have to be included. All statistically
significant effects will be interpreted and presented in a path-analytic diagram showing the
relative importance of the variables (Beta-weights). As mentioned before: in multivariate
data analysis values on indicators of cases may be missing for specific or unclear reasons
(no test done or lost test scores). Several solutions may he applied to overcome this problem
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of missing data. The most valid solution is to eliminate all cases that have a missing value
for any variable considered relevant in analysis. This is sometimes called 'listwisc deletion
of missing cases'. Another solution is to compute measures of association for pairs of
variables separately which will result in different numbers of cases used for each measure.
This latter way is called 'pairwise deletion of missing cases'. In the data analysis of this text
a listwise deletion of missing cases will always be applied. This procedure could only be
applied because we have used the possibilities of defining 'missing category' dummy
variables.
A typical problem associated with data used in a regression analysis is (multi)collincarity; it
arises when two or more variables used as predictors in a regression function arc highly
correlated. In such a case the estimated parameters may be incapable of sorting out the
independent effects of each predictor on the dependent variable. In our data matrix
(multi)collinearity may appear in the variables that represent the severity dimensions of one
and the same deficiency (intensity, extent and location). Therefore in the analysis each of the
severity dimensions will be introduced in the analysis separately from both others to avoid
(multi)collinearity.
Another problem in regression analysis is hctcroskcdasticity in the variance of dependent
variable: this variance will tend to increase (or sometimes decrease) given the values of the
predictor. Transformations of the dependent variable may be performed to deal with
hetcroskedasticily (for instance a log transformation). However given the explorative
character of this study this type of solution for this problem has not been made in the
forthcoming analysis. We assume that the results of the analysis will not differ very much
when using a transformation. Another reason is that using a transformation will make the
interpretation of regression coefficients somewhat more difficult. To avoid hctcroskasticity
as much as possible, many confounding factors will be introduced in regression analysis and
also a residual analysis plus outlier identification will be made. An outlier identification is
applied after the eventual model results have been determined. Patients with extremely high
residual z-scorcs in their predicted values on the dependent variable arc then removed from
further analysis. These outliers will be removed from analysis for technical reasons only:
their extreme scores on the dependent variable tend to have a disturbing influence on the
slope of the regression parameters.

* The effect of severity of illness.
The central hypothesis in this study is described in chapter 3. We will repeat this hypothesis
here and place it within the context of the model of explanation of diagram 3.3. The length
of a hospital stay and the costs of medical care of AMI patients are assumed to be explained
by the patient's severity of illness during hospital stay. It is assumed that patients with a
severe condition will stay in hospital for a longer period of time and that they will have
higher costs of medical care.

As we have seen in chapters 5 and 6 several cardiac and cardiovascular deficiencies can be
measured in patients with acute myocardial infarction. The severity of each cardiac and
cardiovascular deficiency can be measured by means of one or more severity indicators and
each indicator can in turn be specified into one or more severity dimensions (intensity,
extent or location). The assumed effects of the categories reflecting severity of illness on
length of stay and medical costs are described in path-diagram 7.1. This diagram can be seen
as an elaboration of diagram 5.6. As can be seen in this diagram, the severity of the medical
deficiencies may cause direct or indirect effects on the costs of hospital care. For instance
one of the direct effects is that patients with severe heart failure will have higher costs of
hospital care; an indirect effect may result from one of the causes of heart failure, such as
specific cardiac rhythm conduction disorders. However, these causes of heart failure may
also directly affect the costs of medical care as well. It is to be expected that not all
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deficiencies arc 'important' in explaining (specific) costs of medical care. The question then
is which severity indicators arc really relevant in explaining medical care costs and
furthermore what the relative importance of each indicator is compared to other indicators.

Diagram 7.1 Causal relations between indicators of severity of illness and costs of hospital
medical care in patients having AMI (see also diagram 5.6).
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* Controlling fur conditional variables.
Many factors will play a confounding role in explaining the differences in length of stay or
costs of medical care by means of severity of illness. When only the severity indicators are
tested in regression analysis the significant effects may be 'spurious' (not real) and
regression coefficients may be overestimated or underestimated due to other factors which
have a 'disturbing' effect on the relation between the severity of illness and costs. In order to
approach the 'real' relations between severity and the costs as much as possible, these
factors must be included in regression analysis as controlling variables.

As we have seen in § 4.1. patients may be admitted to and discharged from the cardiology
department in various ways. The regular hospital admission of AMI patients is the one in
which the patient enters the hospital department arriving directly from home. However, not
all patients arc admitted in this regular way: some patients do get an infarction while in
hospital. Their direct reason for admission might be - for instance- unstable angina pectoris.
During (he period preceding the infarction these patients will also incur costs for medical
care and their overall length of stay will tend to be longer than patients who did get an
infarction outside the hospital. In both cases the patient's severity of illness might be similar,
yet the costs of staying will be different. So a correction has to be made for this specific type
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of admission (regular or already in hospital measured by DAD1NT0).
Some other patients are admitted via other hospitals, while they arc in various stages of
the infarction, but this usually occurs when the acute danger seems to have subsided. This
part of the population may have low costs, while at the same time they may have severe
complications during their stay. This may also influence the effect of the severity of illness
on costs. For instance, some of these patients may have very severe rhythm disorders and
may need specialized treatment; it is for this reason that they have been transferred from the
local hospital to our university hospital. However, compared to regularly admitted patients
with similar rhythm disorders their length of stay and costs will tend to be rather low,
because a substantial pan of their costs have been made in previous hospital. Furthermore,
the moment of entering the hospital during the illness episode may be relevant. Patients
entering the hospital in time period Tl will have different costs in comparison to patients
entering the hospital in T3 of the illness episode. Consequently, another correction has to be
made for patients coming from other hospitals specified according to the moment of hospital
entrance during the illness episode (measured by dummy variables DADEXT1.DADEXT2
and DADEXT3).

Patients may also have a regular or irregular discharge from hospital. The decease of the
patient may be seen as a non-regular type of discharge. Patients who die during hospital stay
will generally have lower costs compared to non-dcccascd patients. This study intends to
explain costs of medical care. However, in the explanation of mortality by severity of illness
a more epidemiologie definition of severity of illness will be necessary, in which clinical or
non-clinical risk factors for decease and the actual causc(s) of death during hospital stay will
have to be included. Within the economic analysis of costs the problem is: some patients
may score very high on the severity indices and at the same time have very low costs and a
very short length of stay, because they have died during stay. For instance patients with
specific severe rhythm disorders may have higher chances to die so their length of stay and
costs will be very low. On the other hand, non-dcccascd patients with these same rhythm
disorders arc expected to have a high length of stay and arc expected to have high costs. The
'real' effect of these specific rhythm disorders will be underestimated, if no distinction is
made between deceased and non-dcccascd patients. Another example is patients having a
cardiogenic shock. Patients with cardiogenic shock generally have a high risk of dying; their
length of stay and costs may be very low despite this severe complication. One might
misinterpret this complication as having a negative effect on costs. However, this effect will
turn out to be spurious (not substantial or non-real), if a distinction is made between non-
dcccascd patients and deceased patients. Furthermore, patients who die rather soon after the
moment of admission will have to be distinguished from patients who die after a prolonged
spell of illness in hospital. Thus, the moment (or period) of death of patients will have to be
included in each analysis (measured by dummy variables DDEATHO, DDEATM1,
DDEATH2 and DDEATH3).

Physicians at the cardiology department will generally act within the boundaries of the
medical protocol concerning patients with '(suspected) acute myocardial infarction'.
However, a physician docs have a certain freedom in treating a patient with AMI: he/she
may be thinking it necessary to keep patients 'under observation', thus prolonging their
stay. The reasons for acting this way may be because of specific co-morbidities (like
diabetes) or the appearance of complications (like lung embolism, kidney or liver disorders)
that arc not incorporated in our severity of illness-indicators because of their rarity of the
occurrence. Some of these reasons to keep patients in hospital longer may be uniquely
related to individual patients with specific illness characteristics. In addition to this
physicians may decide to prolong a stay in hospital if there are social indications to keep a
patient longer under observation. All these factors arc not incorporated in our model and
cannot be explained by our severity indicators. The effect of some severity indicators on
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costs, as measured in this study, may be overestimated because of these specific
circumstances. For the time being a simple solution is proposed in order to overcome this
problem. A 'regular' discharge of AMI patients is expected to be in time period T2. Patients
discharged in T3 will be distinguished from regularly discharged patients with a separate
dummy variable (DH0ME3); these patients may have specific complications or other
reasons not captured by our severity indicators, which tend to postpone their discharge.
At the other extreme, there arc some patients who leave the hospital relatively soon (within
three days) after the moment of admission. This other type of non-regular discharge may
also be due to factors not incorporated in our model. Patients may leave the hospital against
medical advice or may be transferred to another hospital, because that hospital is nearer to
the patient's home residence. They will have a very short length of stay and very low costs
due to other reasons than their severity of illness. This coincidence of very low costs and
(moderate) severity of illness might undermine the positive relation between severity of
illness and costs (c.q. length of stay). Therefore again a correction should be made to
prevent such an underestimation. Patients discharged in Tl will be distinguished by a
separate dummy variable (DHOME1).
Using DH0ME1 and DH0ME3 as typical 'confoundcrs' in regression analysis may
encounter some criticism. After all, the introduction of these conditional variables implies
that we assume that the 'real' relation between severity of illness during stay and the
dependent variables is obscured by two processes. The first process concerns the
postponement of discharge by physicians by factors not included in our indices of severity
of illness. For instance, patients who have an uncomplicated AMI may still stay very long in
hospital for other reasons (clinical or non-clinical). The second process concerns the patients
who appear to be (moderate) severe cases, but who arc nonetheless discharged very early
und usually will be transferred to other hospitals. The decision to use this solution in the
mullivariatc analysis is preferred to that of not correcting for these situations of bias, which
in our view is detrimental to finding the 'real' relationship between costs of care and severity
of illness. In the following paragraphs we will also provide the reader with alternative models
of analysis, in which we did not include these factors, so that a comparison of results will be
possible.
Another 'non-regular' discharge type from the cardiology department is: transferral to
another medical department in the same hospital. When patients are transferred to other
medical departments of the University Hospital, they will generally have specific
complications which need to be treated by physicians from other medical specialties. In this
special case, the overall length of stay will tend to be much longer, but it will not only be
caused by the severity of the cardiac problems. Thus, the effect of the severity indicators
measured in this study may be overestimated. Furthermore, it is clear that when patients are
transferred during an early phase of the slay they will have lower costs compared to patients
transferred later on. Therefore, the moment of transfer needs to be incorporated into the cost
analysis as well (measured by dummy variables DTRANS1, DTRANS2 and DTRANS3).
Results from the analysis may thus be interpreted as the effect of the severity of illness on
the length of stay and costs of care within the cardiology department only.

In cost analysis of medical care even the length of stay in days may play a confounding
role. Patients with severe conditions may have apparently high costs, but these higher costs
will be strongly related to their long length of their stay. So, specific care costs uniquely due
to the severity of illness and costs due the length of stay need to be separated. In other
words: there arc costs directly caused by the severity of illness and there are costs simply
related to length of stay. Corrections should be made to find the relation between costs and
severity of illness by restricting it to what is uniquely and directly due to the severity of
illness.
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Patients' background characteristics, such as age, sex, previous infarction or angina
pcctoris, are assumed to be related to the length of stay and the costs of medical care, as well
as the severity of illness. For instance, the illness condition of older patients will usually be
more severe and because of this these patients will have higher costs and a longer hospital
stay. Thus, to determine the impact of severity of illness on the costs of medical care one
should again statistically correct for old age.

All factors mentioned above may be strongly related to the severity of illness, the length of
stay and the costs of medical care. To measure the effect of severity of illness on length of
stay or cosls of medical care, a multivariatc analysis must be performed using the severity of
illness indices as 'independent' variables together with all conditional factors related to
severity of illness as well as to the dependent costs variables (c.q. length of stay). Only in
such a model can the 'real' influence of severity of illness on the cost of medical care (c.q.
length of stay) be determined. In the subsequent multivariatc analysis a patient's hospital
admission and discharge status together with his or her length of hospital stay and
background characteristics will be regarded as conditional variables in the explanation of
costs by severity of illness. The conditional variables can not be seen as an explanation of
costs (they are only correlated to costs), but must principally be regarded as correction
factors.

The relationships and effects between all variables are represented in a path-analytic model
(diagram 7.2), which forms an extension of diagram 7.1 by incorporating the model in
diagram 3.3. The severity of illness indicators can be opcrationalizcd into the many
(dynamic) severity of illness categories as described in §6 .

Diagram 7.2 Model explaining length of stay and costs of medical cure by indicators
representing severity of illness, given some conditional variables (see text)-
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7.2. Period specific cost analysis.

In this paragraph results are presented regarding the mullivariate analysis of:
* Costs of thrombolytic therapy in TO (7.2.1),
* Costs of (acute) heart cathetcrization in TO (7.2.2), and
* Costs of (acute) PTCA in TO (7.2.3).

In these analyses time-specific severity indicators will be used to explain cost variations
within period T-0.

7.2.1. Explanation of costs of thrombolytic therapy.
Thrombolylic therapy is one of the most important interventions when patients suffer from
acute myocardial infarction. To be effective it has to be administered within the first hours
that symptoms appear. Thus, the cost differences in thrombolytic therapy can only be
investigated for the first six critical hours of hospital admission (period TO). Several sources
may provide an explanation for cost differences: (1) the individual medical history and
personal characteristics of the patient; (2) curlier cardiovascular (or other) deficiencies, and
pre-admission diagnostics and treatment of cardiologie nature; (3) the severity of illness as
reported by the patient, for example, concerning the duration of ischemic pain; (4) the
severity of illness as registered by the admission ECG of the patient; this includes the
dclcrminalion of the severity of myocardial ischemia, myocardial necrosis, cardiac rhythm
disorders and cardiac conduction disorders.

A pic-analysis had to be performed in order to remove all non-stochastic (fixed) relations in
(he explanation of the costs of thrombolylic therapy. Non-stochastic relations will exist,
when there arc (protocol-based) contra-indications for treatment. All patients at the
University Hospital Maastricht over 75 years of age, in coma or with more than six hours of
typically ischemic pain are conlra-indicated for thrombolytic therapy during the period of
the investigation. Patients with these characteristics arc excluded from further analysis
(n-l2K). 28.5 '/f of the variance in costs of thrombolytic therapy can be 'explained' using
these three conlra-indications for treatment (AGE: 11.2 </f, COMA: 2.4 <*, PAIN more than
6 hours: 11.0 %. AGE and COMA: .6 </f , AGE and PAIN more than 6 hours: 3.3 %).
Furthermore, all patients (n=59) enrolled in the local PR1MI protocol did receive
thrombolytic therapy for the mere reason they participated. Because the dependent variable
is also constant for these patients, no statistical analysis could be performed for this group of
patients loo. From a statistical point of view the participation in this clinical trial alone
'explains' 16.6 'X of the variance in costs. In total 187 patients arc removed from further
regression analysis.

The remaining sample population (n=277) is used for explaining costs of thrombolytic
therapy seen as a stochastic dependent variable. In this population, presence or absence of
ischemic pain was recorded for 1X4 patients; 93 patients had missing values on this variable.
In order to include all patients in the regression analysis two dummy variables haven been
constructed (DPA1N1: patients with no ischemic pain contrasted with patients with ischemic
pain, and DPAIN2: patients with no ischemic pain contrasted with patients with missing
values). Four patients were removed as outliers because of extremely high costs. Some
descriptive statistics of this subpopulation arc given in table 7.3.
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Table 7J Descriptive statistics of the patient population used to explain costs of thronibolytic
therapy (Listwise deletion of missing cases, n = 254).
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About 29 % of the remaining patients receive thrombolylic therapy and the mean costs per
patient amount to 169.02 guilders (std.dcv. 270.74). Variables showing significant
correlations with the costs of thrombolytic therapy arc presented in appendix 17.

The extent and the location of myocardial ischemia arc positively correlated with costs of
thrombolytic therapy (lSEXT0:r=.24;p<.(K)l, ISLOC():r=.ll;p<.()5). Similar results arc
found for the extent and the location of myocardial necrosis (NECEXT():r=.2();p<.01,
NECLOC0:r=.19;p<.001). The dummy variable representing the contrast between no
ischemic pain and typically ischemic pain is also highly positively correlated to costs of
thrombolytic therapy (DISPAINl:r=.31;p<.001). The contrast between no ischemic pain and
missing values is highly negatively related (DISPAIN2:r=-.26;p<.(X)l). All other variables
(like severity of cardiac rhythm disorders, conduction disorders and background
characteristics) show no significant correlations with the dependent variable.

All significantly correlated variables arc used as independent variables in a multiple
regression analysis. In the eventual regression analysis only three variables have significant
parameters: the severity of necrosis location, the severity of the extent of ischemia and the
presence of ischemic pain (table 7.4). 17 % of the variance in costs of thrombolytic therapy
can be explained by these indicators.

Table 7.4 Results from regression analysis: the dependent variable is costs of thrombolytic
therapy in TO (Listwise deletion of missing cases, n = 254).
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Discussion.

It can bc concluded that for patients with (suspected) AMI, who do not have contra-
indications and who arc not involved in a randomized clinical trial, the probability of getting
thrombolytic therapy will increase if patients show signs of anteroseplally located necrosis
in the ECG. This probability will also increase, if patients show extensive left ventricular
wall ischemia in ECG, and if patients indicate that they arc having typical ischemic pain.
This last effect turns out to be twice as important as the others. The relative importance of
each effect on the costs of thrombolytic therapy (given by the beta parameters) is presented
in diagram 7.7. Cardiologists did confirm that the criteria found empirically are also
specified in the thrombolytic protocol which was used at the cardiology department during
1987-1988.

7.2.2. Explanation of costs due to (acute) heart catheterization.
For the patient population at hand the greater part of the costs due to heart catheterization
arc incurred during the acute phase of the infarction in TO (sec appendix 5). Differences in
costs in this time period will be analysed. Although heart calhctcrization may have been
performed in Tl and sometimes in periods T2 and T3, these costs will not be discussed here.

Non-stochastic relations as a result of l(X) 'if indications for acute heart catheterization
huven been eliminated from the eventual regression analysis. Enrollment in the PRIMI-
protocol was an indication for applying a catheterization. Circumstances with contra-
indications for catheterization were not present. In total 59 patients have been excluded from
regression analysis because of their enrollment in the PRIMI protocol (variance explained
amounts to 13.1 'X). In addition. 3 patients have been excluded from further analysis
because of extremely high cathctcrization costs (m=l()95.79, std.dev.=632.850). The
remaining sample population is used in explaining costs for acute catheterization. Some
descriptive statistics of this subpopulation arc presented in table 7.5. In this sample
population 26 % of the patients is given a catheterization and the mean costs per patient
amount to 231.18 guilders (sld.dcv.=4(X).96).

Table 7.5 Descriptive statistics «if the patient population used to explain costs of acute heart
catheterization during period TO (l.istwise deletion of missing cases, n = 378).
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Variables showing significant correlations with the costs of acute heart catheterization are
presented in appendix 18. Both indices expressing the severity of myocardial ischemia
measured by ECG on admission show significant correlations with the costs of acute heart
catheterization (ISEXCT0:r=.19; p<.(X)l and ISLOC():r=.14;p<.01). Similar results are
found for the variables expressing the severity of myocardial necrosis measured by ECG
(NECEXT0:r=.12;p<.01 and NECLOC0:r=.13;p<.01). A high correlation is found between
catheterization costs and receiving or not receiving thrombolytic therapy during current
admission (THROM:r=.50;p<.001). Earlier thrombolytic therapy, given before the current
hospital admission, appears to be positively correlated with costs of acute cathctcrizalion as
well (FTROM:r=.12;p<.05). The patient's age and sex appear to be negatively correlated
with the costs (AGE:-.20;p<.(X)l and SEX:r=-.20;p<.(XM). Furthermore, having an infarction
while in hospital is moderately correlated with costs of acute catheterization
(DADINT0:r=.27;p<.001).

Five independent variables do show significant parameters in the eventual regression
analysis: former and current administration of thrombolylic drugs, the extent of ischemia,
sex and type of admission (table 7.6). It may be concluded that the probability of getting a
cathetcrization during the first six hours of hospital stay for patients with (suspected) AMI
will increase, if patients rcccivc(d) thrombolytic therapy during the current or a previous
hospital stay. Moreover, patients with ST-changcs corresponding with many wall segments
arc likely to incur costs due (o cathetcrization. Female patients have a significantly lower
chance of receiving an acute catheterization. Lastly, patients who have an infarction while in
hospital (DADINTO) are more likely to receive a cathctcrization during the acute phase of
the infarction than other patients. As can be seen from ihc results of the regression analysis
(lablc 7.6), 37 9f of the variance in costs of acute cathctcri/ation is explained by means of
these indicators. All other factors offer no significant, additional explanation for the variance
in costs of acute heart cathetcrization.

Table 7.6 Results from regression analysis; the dependent variable is costs of acute heart
catheterization in TO (Listwise deletion of missing cases, n = 378).
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Discussion.

Costs of acute heart catheterization for patients with AMI are only partly explained by the
patient's severity of illness; ischemia (measured by ECG) extensive over more wall
segments has a moderate effect on the costs of acute heart catheterization. Medical
treatment, i.e. thrombolylic therapy, has an effect on costs of acute heart catheterization,
which is four times larger than the effect of the extent of ischemia. If thrombolytic therapy is
given (particularly during the current hospital stay) this certainly tends to increase the costs
of acute heart cathctcrizalion. Cardiologists did confirmc this conclusion. In 1987-1988 by
protocol it was defined that to ascertain the clinical efficacy of thrombolytic therapy a
cathctcrization was needed. In addition, female patients arc less likely to receive an acute
heart calhctcrization. There is no explanation for this finding. However, in other studies this
apparently 'strange' relation was also found (Stcingard 1991, Ayanian 1991). Lastly, patients
who have an infarction while in hospital arc more likely to receive a heart cathctcrizalion
during the first hours that symptoms appear. The relative importance of these variables on
the costs of acute cathctcrization (beta parameters) is presented in diagram 7.7 together with
the analysis results for the costs of thrombolytic therapy (sec § 7.2.1).

Diagram 7.7 Path-analytic model combining the explanation of costs of thrombolytic therapy
and costs of heart catheterization in TO by severity of illness. Beta parameters are shown
(1'airwi.se deletion of missing cases, 254 < n ^ 378).
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7.2.3. Explanation of costs due to (acute) PTCA.
Costs due to PTCA are incurred generally during the first six hours of hospital stay (see
appendix 12). The decision to perform an acute PTCA is, amongst other factors, based on
the insufficiency of coronary flow and the severity of coronary stenosis before PTCA and
after thrombolytic therapy. Another important criterion in the decision making process may
concern the severity of illness as indicated by the ECG. In addition, it is assumed that
patients who do receive thrombolytic therapy but whose coronary angiogram still indicates a
severe coronary stenosis, will have a higher chance of receiving a PTCA (interaction effect).

Of the 159 cathctcrizcd patients in TO, 82 patients (51.9 %) receive only thrombolytic
therapy and no PTCA, 18 patients (11.4 9f) receive only PTCA and no thrombolytic therapy,
32 patients (20.3 9f) receive both and 26 patients (16.5 %) do not get cither of these
treatments. Almost one third of the cathctcrizcd patients undergoes a PTCA. Costs of PICA
are constant for each patient (fl. 3677.24). Therefore, in the regression analysis, the cost of
PTCA can be substituted by a dichotomous variable 'PTCA: yes or no'. Some descriptive
statistics of the subpopulation used to explain costs of PTCA in TO arc presented in table
7.8.

Table 7.8 Descriptive statistics or patient populations used to explain costs of PTCA in TO.
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As can be seen from the correlations between the dependent and independent variables
(appendix 19) there is a positive correlation between the coronary intensity score and PTCA
(r=.24, p<.001). Chances to get PTCA seem to decrease somewhat when patients get
thrombolytic therapy (r=-.21, p<.001). A first regression analysis shows a very low
explained variance in the costs of PTCA. Subsequently, specific interaction effects have
been tested. The first interaction effect concerns getting thrombolytic therapy and the
intensity of coronary stenosis on the costs of PTCA (INTER 1). The second interaction effect
concerns getting ihrombolytic therapy and the extent of stenosis (INTER2). The reason why
this last term was calculated may not be very obvious at first, since the first interaction term
has a reasonably high correlation with the dependent variable (r=.31;p<.001) and the other
term not at all (r=-.O3;p=.3O). However, when both terms are used in multiple regression
analysis, it turns out that the first interaction effect is not significant anymore, when the
second interaction effect is included. This rather puzzling result may be explained by a
confounding effect of the extent of stenosis (STENEXO). After several analyses the crucial
variable in the analysis of performance of PTCA turns out to be the extent of stenosis
(STENEXO). Interpretation of results will improve considerably if patients with one vessel
disease (n=70) arc separated from patients with two or three vessel disease (n=59).
Descriptive statistics of these two subgroups of patients arc also presented in table 7.8. In the
correlation matrices for each sunpopulation (tables 7.9 and 7.10) we see that for patients
with one vessel disease there is a high negative correlation between costs of PTCA and
thrombolytic therapy (r= -.39;p<.(K)l) and a high positive correlation between the intensity
of coronary stenosis and costs of PTCA (r=.35;p<.001). For patients with two or three vessel
disease only the intensity of coronary stenosis shows a significant correlation with costs of
PTCA(r=.22;p<.01).

Table 7.9 Correlation matrix of severity of illness, costs of thrombolytic therapy and costs of
PTCA in TO for patients with one vessel disease (l.istwise deletion of missing cases, n = 69).
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Table 7.10 Correlation matrix of severity of illness, costs of thrombolytic therapy and costs of
PTCA in TO for patients with two or three vessel disease (Listwise deletion of missing cases, n
»58).
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Regression analysis using the data of patients with one vessel disease shows three significant
explaining factors: thrombolytic therapy, the intensity of coronary stenosis and the location
of necrosis. In total. 35 * of the variance in costs of PTCA for this subgroup of patients is
explained by these factors (table 7.11).

For the second group of patients with multiple vessel disease (two or three vessel disease)
the costs of PTCA can only be explained by the intensity of coronary stenosis (Beta:.22).
For this subgroup only 5 % of the variance in costs of PTCA could he explained.

Table 7.11 Results of regression analysis; the dependent variable is costs of PTCA in TO fur
patients with one vessel disease (Listwise deletion of missing cases, n = 69).
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Discussion.
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In spite of the relative failure to explain costs of acute PTCA by our severity indices in
patients with two and three vessel disease, these costs can with a certain amount of success
be explained in patients with one vessel disease. Patients with one vessel disease have a
lower chance of getting a PTCA, if they receive thrombolytic therapy. However, chances of
receiving a PTCA increase, if they have a total coronary occlusion. If these patients have
anteroseptal necrosis, there is an additional chance of receiving a PTCA. The relative effect
of these variables on the costs of PTCA (beta parameters) is presented in diagram 7.12.
Patients with two or three vessel disease also have higher chances of receiving PTCA, if
they have total coronary occlusion; however the explained variance is rather low. For this
group of patients thrombolytic therapy turns out to have no relation to the costs of PTCA. To
interpret these results some cautionary remarks must be made regarding our model of
explanation; the analysis is hampered in several ways because it appears that next to the
intensity of coronary stenosis the decision to perform PTCA is also dependent on the
antegrade coronary flow and the adequacy of collateral blood flow. It is not possible in this
stage of the research to quantify the way cardiologists judge the (in)sufficicncy of this
collateral blood flow. In addition to this measurement problem, there arc many contra-
indications for performing PTCA which should be taken into account in data analysis. Some
of these contra-indications are almost uniquely related to individual patients. In summary,
our model of explanation is - in hindsight - not satisfactorily specified for all variables, that
may be related to both the costs of PTCA and the characterises of coronary stenosis.
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Diagram 7.12 Path analytic model used to explain costs of PTCA in TO by severity of illness in
patients with one vessel disease. Beta parameters are shown (Listwise deletion of missing cases,
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7.3. Analysis of length of stay and costs in medical
care during total hospital stay.

In this paragraph results of the multivariatc analysis arc presented for:
* Length of hospital stay (7.3.1);
* Costs of coronary care unit (7.3.2);
* Other costs of medical care (drugs, laboratory services, electrocardiogram,

cchocardiogram and exercise tests) (7.3.3).

In this analysis (dynamic) severity categories deduced from the severity indicators as shown
in § 6 will be used to explain length of stay or cost variations. Furthermore all decisions and
rules on methodology and/or statistics will be applied that arc described in § 7.1.

7.3.1. Explanation of length of stay.
The overall length of stay is defined as the total number of days a patient is in hospital
irrespective of the medical speciality. This means that the number of days could have been
spent at other wards than those of the Department of Cardiology. For the total patient
population of 464 patients the mean length of stay amounts to 11.45 days (st.dcv.=9.60). The
duration of stay varies between 1 and 112 days. Seven patients were removed form analysis
because of their extremely long stay (m=66.29, std.dcv.=29.32). In the remaining
population, now amounting to 457 patients, the mean length of stay comes down to 10.61
days (st.dev.=5.95). Duration of stay now varies between 1 and 42 days.
Significant correlations between (dynamic) severity categories, background characteristics
and length of stay arc presented in appendix 20. For nominal predictors special tables will be
presented showing the relation with length of stay by means and standard deviations in each
category.

* Severity of coronary stenosis.
Variance in length of stay explained by the dummy variables representing the categories of
intensity of stenosis, the extent of stenosis and location of stenosis (sec § 6.2.1) turns out to
be rather low (Eta^ is resp. 0.16, 0.11 and 0.13). If the three sets of dummy variables arc
separately used as predictors in the regression analysis, none in the sets of variables is
statistically significant. If patients have a cathcterization their length of slay seems to
increase somewhat (r=.09; p<.05). This low positive correlation turns out to be non-
significant in the eventual regression analysis.

/f wiay conc/i^fet/ f/ia/ //l^ .feven/y o/ coronary .?feno.w.v /i«.y no .subtfanf/a/ ejQfecJ on

* Severity of myocardial ischemia.
The severity of myocardial ischemia measured by the ECG at rest (sec § 6.2.2.1.) is
significantly correlated with length of stay. The correlation matrix (appendix 20) shows that
patients with antcroscptal myocardial ischemia (ISLOC) have a significantly higher chance
of staying in hospital longer in comparison to patients with non-antcroseptal ischemia
(r=.27;p<.001). In the eventual regression analysis this effect remains significant (table
7.19). The extent of myocardial ischemia (ISEXT) has a lower but nonetheless significant
correlation with the length of stay (r=.l l;p<.05). Patients with extensive myocardial
ischemia seem to have a significantly higher chance of staying in hospital longer. In the
eventual regression analysis this turns out to be a non-significant parameter. Furthermore,
when patients do have extensive myocardial ischemia chances arc high that it will be located
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in ihc antcroseptal side of the left ventricle (r=.39;p<.001).
The dummy variables comprising the severity of myocardial ischemia measured by the
exercise test according to the Bruce protocol or measured by the thallium test (see §6.2.2.2.)
show no significant correlations with the length of stay. This is not surprising: normally
these tests arc performed when the moment of discharge has already been planned by the
treating physician. These tests arc usually made one or two days before the patient is
planned to leave the hospital. The results of these tests may be relevant for further treatment
decisions in an outpatient setting, but the tests have no large consequences for the total
duration of the current hospital stay.
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• Severity of myocardial necrosis.
According to appendix 20 the location of the severity of myocardial necrosis determined by
means of ECG (sec § 6.2.3.1.) turns out to be positively correlated with the length of stay
(NIX'I.OC:r=.lX;p<.(X)l). It seems that patients with antcroseptal necrosis tend to stay in
hospital longer than other patients. However, in the eventual regression analysis the so-
called effect turns out to be non-signitlcani. Furthermore, when patients have anteroscptal
necrosis, chances are high lhat they will also have antcroseptal ischemia (r=.63;p<.001).
However, in the explanation of length of stay, antcroseptal ischemia appears to be a more
important explaining factor than anlcroscptal necrosis. The extent of myocardial necrosis
(NECEXT) docs not turn out to have a significant correlation with the length of stay at all
(r=.()5;p=.15).

Severity of myocardial necrosis, measured by means of typical enzyme release (see §
6.2.3.2.), appears to have a significant relation with (he length of stay. An increase in length
of slay is generally moderately related with a patient's increase in enzyme release. As can be
seen in table 7.13, oneway variance explained by the CPK severity categories amounts to .06
(p<.(X)l). Only dummy variable DCPK5 (CPK release > 60000) has a significant (positive)
correlation with length of stay (r=.16;p<.(X)l). However, in the eventual regression analysis
this dummy variable has no significant effect anymore. The reasons for this arc complicated.
A high CPK enzyme release turns out to be correlated with pericarditis
(PERlC:r=.25;p<(X)l), mitral insufficiency (MITINS:r=.12;p<.01). a slightly impairment of
the l.VEF (DLVEFl:r=.ll;p<01) and sinuslachycardia or atrial fiuttcr/-fibrillations in the
acute phase combined with ventricular flutlcr/-fibrillalions or sustained ventricular
tachycardia in follow-up phase of slay (DRHYTHM9:r=.12;p<.01). These severity indices
Him out to be a better explanation for differences in length of stay than the CPK-index (table
7.19). Almost identical results arc found when severity of myocardial necrosis is measured
by S(iOT or I.DH en/ymes. These results arc therefore not presented here.

Within the set of dummy variables representing the severity of necrosis measured by
thallium test the only variable significantly correlated with length of stay appears to be
DNETHEXT1 (irreversible thallium changes in 1 or 2 wall segments: r=.09;rx.05). In the
eventual regression analysis the partial regression coefficient does not turn out to be
significant. Thus, severity of myocardial necrosis measured by the thallium exercise test will
have no consequences for the duration of the hospital stay.
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Table 7.13 Mean length of stay of patients in categories representing myocardial necrosis
estimated by total CPK release (n=457).
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* Severity of ischemic pain.
The severity of ischemic pain reported by the patient (sec § 6.2.4.) appears to have u
significant correlation with the length of stay. Patients who have ischemic pain only in the
acute phase of the stay (TO or Tl) appear to have a significantly lower chance of slaying in
hospital longer (DISPAINl:r=-.14;p<.(X)l). If patients also suffer from ischemic pain in a
later phase of the stay (i.e. : after three days) the chance of staying in hospital longer will
strongly increase (DlSPAIN2:r=.34;p<.(X)l). In total 13 % of the non-linear variance in
length of stay is explained by the severity of ischemic pain alone (table 7.14). In the
eventual regression analysis, patients with ischemic pain after three days turn out to have
significantly higher chances of staying longer in hospital (table 7.19).
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Table 7.14 Mean length of stay of patients in categories representing severity of ischemic pain
(n=457).

Category
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* Severity of Cardiac Wall Motion abnormalities (CWM).
Given the correlations between the length of stay and three sets of dummy variables each
representing the dimensions in severity of cardiac wall motion abnormalities (see § 6.2.5.),
the most important dimension appears to be the categories representing the extent of cardiac
wall motion abnormalities. As can be seen from table 7.15 the mean length of stay of
patients increases when more cardiac wall segments show any kind of wall motion
abnormality. The variance explained exclusively by this dimension amounts to .12. The
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dummy variables representing the extent with significant correlations are: CWMEXT2
(CWM abn. in 3 wall segments; r=.12;p<.01), CWMEXT3 (CWM abn. in 4 wall
scgmcnts:r=.19;p<.001)and CWMEXT4 (CWM abn. in 5 wall segments :r=.19;p<.001).
Variance explained by the intensity and location categories of cardiac wall motion abnor
malilics is somewhat lower, but still significant (Eta~.06;p<.05 resp. .07;p<.001). However,
in the eventual regression analysis the severity of cardiac wall motion abnormalities offers
no additional explanation for length of slay. All three severity dimensions have been tested
separately in regression analysis and none of them have a significant effect on the length of
stay.
Why these effects arc not significant anymore may be illustrated by the categories
representing the extent of cardiac wall motion abnormalities. It turns out that if patients have
CWM abnormalities in 3 wall segments, chances of having a LVEF between 30 and 40 %
(DI.VEFl:r=.24;p<.01), of having pericarditis (PERIC:r=.13;p<.01), and of having recurrent
sinuMachycardia (DRHYTHM5:r=.14;p<.01) arc significantly higher. If patients have CWM
abnormalities in 4 wall segments chances of having an impaired LVEF increase
(I)LVl-;FI:r=.19;p<.(X)l and DLVEF2: r=.21;p<.(X)l). Patients with CWM abnormalities in 5
wall segments appear to have significantly higher chances of suffering from mitral
insufficiency (MITINS: r=.15;p<()l), from pericarditis (PERIC:r=.15;p<001), from rhythm
abnormalities like recurrent atrial fluttcr/-fibnHalions (DRHYTHM7:r=.16;p<.01) or from
acute sinustachycardia or atrial flultcr/-fibrillations combined with ventricular fluttcr/-
fibrillations or sustained ventricular tachycardia later on (DRHYTHM9:r=.15;p<.01). In
addition, the mortality risk in a later stage of hospital admission is significantly higher for
patients who have these extensive wall motion abnormalities (DDEATH3:r=.15;p<.01). As
will be seen later on, in the eventual regression analysis these latter variables turn out to
provide a better explanation of differences in length of stay than the extent of cardiac wall
motion abnormalities.
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Table 7.15 Mean length of stay of patients in severity categories representing the extent of
Cardiac Wall Motion abnormalities (n=457).
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* Severity of cardiac rhythm disorders.
As can be seen from table 7.16, variance explained by categories comprising the cardiac
rhythm disorders (§ see 6.2.6) amounts to .20. The correlations between the dummy
variables representing the categories of rhythm disorders and the length of stay arc
significant in four cases: when patients suffer from recurrent sinustachycardia or non-
sustained ventricular tachycardia (DRHYTHM5:r=.l8;p<.(X)l), when patients have acute
atria! fiutter/-fibrillations at the beginning of their stay and sinustachycardia or non-
sustained ventricular tachycardia in the follow-up phase (DRHYTHM6:r=.(W;p<.05), when
patients have recurrent atrial flutter/fibrillations (DRHYTHM7:r=.21;p<.(X)l) or when
patients have sinustachycardia or atrial flultcr/-fibiïllations in the beginning combined with
ventricular fluttcr/-fibrillations or sustained ventricular tachycardia in the follow-up phase
(DRHYTHM9:r=.28;p<.001).
In the eventual regression analysis the effects of five severity categories of rhythm disorders
turn out to be significant (table 7.19). A relatively moderate increase in length of slay occurs
for: (1) patients who have acute sinustachycardia or atrial fluttcr/-fibrillations combined with
ventricular flullcr/-fibrillations or sustained ventricular tachycardia in the follow-up phase
(DRHYTHM9). (2) patients who have recurrent atrial fluttcrAfibrillations (DRHYTHM7)
and (3) patients who suffer from recurrent sinustachycardia or non-sustained ventricular
tachycardia (DRHYTHM5). A relatively minor, but still significant increase in length of stay
results for: (4) patients who have acute ventricular fluttcr/-fibrillations within 3 days
followed by atrial fluttcr/-fibrillations or sinustachycardia in the follow-up phase of their
stay (DRHYTHM8) and (5) patients who only have acute sinustachycardia within the first
three days of the stay (DRHYTHMI). The last (unexpected) effect can be explained because
conditional dummy variables DDEATH1 and DDEATH3 arc presumedly acting us
suppressor variables on the original relation between DRHYTHM1 and length of stay (r=.-
O4;p=.18). Patients who have sinustachycardia at the beginning of their stay tend to die
sooner (in period Tl), so their stay is relatively short. At the same time, if patients with this
rhythm disorder stay alive, they will have a longer hospital stay. This implies that the
relationship between the occurrence of this rhythm disorder and length of slay tends to be
obscured and underestimated by early decease during stay. If one corrects this, the
relationship between severity of this rhythm disorder and length of stay turns out to be a
positive and significant one. The effect caused by DRHYTHM8 seems to occur by random
chance only: the effect is only just statistically significant.
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Table 7.16 Mean length of stay of patients in severity
appearance of cardiac rhythm disorders (n=457).
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* Severity of cardiac conduction disorders.
As can be seen in lablc 7.17. the variance in length of stay explained by categories
representing cardiac conduction disorders (see § 6.2.7) amounts to 4 % . The only dummy
variable that has a significant correlation with the length of stay appears to bc DC0NDUC5
(recurrent right bundle branch block (RBBB):r=.13;p<.05). However, in the eventual
regression analysis the parameter belonging to this conduction disorder appears to be not
significant. Patients who have a recurrent RBBB during their stay tend to have a severe
impaired Left Ventricular Ejection Fraction (DLVEF2:r=.19;p<.001) and this will eventually
cause a prolonged hospital stay. At the same time these patients lend to have
sinustachycardia or atrial flutlcr/-fibrillations in the beginning combined with ventricular
fluticr/-fibrillations or sustained ventricular tachycardia in the follow-up phase of stay
(I)RIIYTHM'):r=.16;p<.(X)l) and this will also result in a longer hospital stay. The third
factor related to RBBB is pericarditis (PERIC:r=.13;p<.001) and this factor lends to explain
apart of the assumed effect of RBBB on the length of hospital stay too.
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Table 7.17 Mean length of stay of patients in severity categories representing type and time of
appearance of cardiac conduction disorders (n=457).
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* Severity of heart failure.
The severity of heart failure of patients (sec § 6.2.8.1.) measured by the Left Ventricular
Ejection Fraction (LVEF) is positively and significantly related to their length of stay.
Variance explained by this indicator alone amounts to .17 (table 7.18). The dummy variables
representing the LVEF severity categories that show a positive significant correlation with
the length of stay are DLVEF1 (r=.24;p<.()01) and DLVEF2 (r=.27;p<(K)l). Strangely
enough, scores on LVEF lower than 20 * seems to have no correlation to length of stay
(DLVEF3:r=-.O56;p=.12). This may be explained by the high mortality risk of these patients
within ten days; there is a moderately high correlation between this dummy variable and
DDEATH2 (r=.29;p<.001) . This factor is also correlated to MITINS (mitral
insufficiency:^. 17;p<.001) and DRHYTHM5 (recurrent sinustachycardia:r=.2();p<.(X)l).
For patients with an LVEF between 20 9? and 30 '7r (DLVEF2) this effect is also not
significant. This can be explained because these patients tend to have higher chances of
dying in a later phase (DDEATH3:r=.25;p<.001) , of having pericardit is
(PERIC:r=.17;p<.001), of having antcroscptal ischemia (ISLOC:r=.19;p<.00l) and two
types of cardiac rhythm disorders, i.e. recurrent atrial flutter/-fibrillatitins and
sinustachycardia or atrial fluttcr/-fibrillations in the beginning combined with ventricular
fluttcr/-fibrillations or sustained ventricular tachycardia in the follow-up phase
(DRHYTHM7:r=.17;p<.001, resp. DRHYTHM9:r=.31;p<.001).). The only significant
dummy variable in the eventual regression analysis is DLVEF1 (table 7.19). This means that
if patients have an LVEF between 30 % and 40 %, chances of staying longer in hospital will
increase significantly.

The severity of heart failure measured by the Left Ventricular End Diastolic Dimension
(LVEDD) is positively correlated with the length of stay (r=.15;p<.OOI). However, in the
eventual regression analysis the LVEDD has no significant effect on the length of stay. This
may be explained by the correlations this factor has with the LVEF dummy variables
(DLVEFl:r=.ll;p<.05, DLVEF2:r=.28;p<.001 and DLVEF3:r=15;p<.001).

The severity of right sided heart failure (sec § 6.2.8.2.), measured by the collapse of the
Vena Cava Inferior (the VCI-indcx) shows a weak positive correlation with the length of
stay (VCI:r=. 13;p<.05). Patients with a VCI index less than 50 9f seem to have a higher
chance of staying in hospital for a longer period of time. However, the effect is not
significant in the eventual regression analysis. Patients with VCI lower than 50 9f have more
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chances of being in a LVEF category lower than 30 % (r=.16;p<.001), and are more likely to
suffer from typical cardiac rhythm disorders, like recurrent atrial flulter/-fibrillations
(DRHYTHM7:r=.13;p<.01) or acute ventricular fluttcr/-fibrillations combined with atrial
flutlcr-/fibrillations or sinustachycardia later on (DRHYTHM8;r=.12;p<.01). Furthermore,
these patients show a higher probability to have mitral insufficiency (r=.13;p<.001). All
these factors have a direct effect on the length of stay, and the assumed effect of VCI on
length of hospital stay will be explained by these deficiencies.

The correlations of right ventricular infarction, measured both by ECG ST-changcs as well
as by abnormal wall motion with length of stay appear not to be significant
(ISRV:r=.07;p=.()9 and CWMRV:r=.()6;p=.13). In the cvcnlual regression analysis these
factors have no substantial effect on the length of stay at all.
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Table 7.18 Mean length of sCay of pa t i en t s in sever i ty ca tegor ies representing the Left
Ventricular Kjection Fraction (n=457).
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* Severity of physical deficiencies and specific cardiac complications.
Physical deficiencies (sec § 6.2.9.) correlated with the length of stay are palpitations
(PALP:r=.16;p<.()0l), prc-collapsc (PRECOL:r=.21 ;p<.()01), syncope/collapse
(SYCOL:r=.15;p<.(X)l), dyspnea (DYSP:r=.26;p<.(X)l), edema in the lower abdomen or in
the extremities (BEDEMA:r=.l();p<.05) and lung edema (LEDEMA:r=.15;p<.01). In the
eventual regression analysis only prc-collapsc offers an additional explanation of the
duration of hospital stay (table 7.19). The parameters of all other physical deficiencies
significantly correlated with the length of stay turn out to be non-significant in the eventual
regression analysis. For instance, patients who have lung edema have a higher mortality risk
in period T3 (after ten days). Impairment of cardiac function is highly correlated with lung
edema and this turns out to be tine of the genuine factors influencing a longer stay. Patients
having palpitations during their stay arc more likely to suffer from specific rhythm disorders,
like recurrent atrial flutter/ -fibrillations (DRHYTHM7:r=.18;p<.01) or atrial flutter/ -
fibrillations or sinustachycardia in the first part of their stay combined with ventricular
flutter/-fibrillaiions or sustained ventricular tachycardia later on in their stay
(DRMYTHM9:r=.21;p<.01). In addition to all this, the probability that these same patients
have pericarditis increases (PERlC:r=.13;p<.01) and they have a higher probability to die
during period T3 (DDEATH3:r=.13;p<.01).



Patients suffering from syncope/collapse tend to have atrial flintcr/-fibrillations or
sinustachycardia in the first part of their stay combined with ventricular flutter/ -fibrillations
or sustained ventricular tachycardia later on in their stay (DRHYTHM9:r=.25;p<.01).
Patients with syncope/collapse also have more chance of suffering from mitral insufficiency
(MlTlNS:r=. 19;p<.01) and/or CVA/TIA (CVA:r=.21 ;p<.01).
Having dyspnea during stay is (cor)rclatcd to many factors in the medical model, which tend
to explain the moderately positive correlation between dyspnea and length of slay. Dyspnea
patients will have more anlcroscptal myocardial ischemia (ISLOC:r=.25;p<.01). tend to
suffer from ischemic pain in the later part of their stay (DISPAIN2:r=.34;p<.(X)l) and will
have cardiac rhythm abnormalities like recurrent atrial fluller/-fibrillations
(DRHYTHM7:r=.21;p<.01). Also LVEF-scorc deviations tend to be higher in these patients
(DLVEFl:r=.24;p<.01 and DLVEF2:r=.27;p<.01), and they will have a higher probability to
die during period T3 (DDEATH3:r=.28;p<.(X)l).
Patients with body edema arc likely to have cardiac rhythm abnormalities like recurrent
atrial flutterAfibrillations (DRHYTHM7:r=.21;p<.01). to have high deviations on the LVEF
score (DLVEF2:r=.27;p<.01) and to have mitral insufficiency (MITINS:r=.29;p<.(H)l).
These same patients will also have higher chances of dying within period T3 (DDEATH3:
r=.28;p<.(X)l).
Other cardiac complications correlated with the length of slay arc: mitral insufficiency
(MITINS;r=.19;p<.05), CVA/TIA (CVA:r=.21 ;p<.()01) and pericarditis (PERlC:r=.27;
p<.(X)l). All assumed effects of these factors arc also significant in the eventual regression
analysis (table 7.23). Cardiogcnic shock shows a significant negative correlation with
hospital stay (CSHOCK:r=-.23;p<.(K)l). This correlation may be explained by the high
mortality rate of these patients which is considerable (in T():r=.44, in Tl:r=.47 and in T2:
r=.44). Dying in hospital during these periods is presumedly the reason why this type of
complication offers no additional explanation in the eventual regression analysis.

or CVA/TM w/7/ ifay /on#?r

* Characteristics of admission and discharge.
From the analysis it may be concluded that, apart from the manifold effects of the patient's
severity of illness conditional factors like type of admission and type of discharge arc
significantly related to the length of stay: patients coming from other hospitals have a
shorter length of stay, if patients are transferred to other medical departments their total
length of stay will increase and if patients die in hospital within ten days their overall length
of stay is of course shorter. If patients die after ten days their length of hospital stay will
however increase importantly.

* Background characteristics.
From all individual background characteristics (sec § 6.3.1) the only variables showing
significant correlations with the length of stay arc: AGE (r=.14;p<.01) and SEX (r=.l4;p
<.01). In the eventual regression analysis the parameters belonging to these variables turn
out to be non-significant. Generally speaking, sex and age arc correlated with one or more
severity indicators: the older the patients the more severe their illness is and vice versa. Age
is sometimes assumed to be a reliable predictor for the length of stay. For the patient
population under survey only 2 9£ of differences in length of stay can be explained that way.
When a difference is made between deceased and non-dcccascd patients the age seems to be
more relevant in the deceased group (LOS:r=.36;p<.(X)l).Patients who die in hospital after a
prolonged stay appear to be much older than patients who die acutely.
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Table 7.19 Results from the eventual regression analysis: dependent variable is total length of
stay in hospital for AMI-patienls (Listwise deletion of missing cases, n = 454).
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Discussion.

It may be concluded that in patients with AMI. the severity of illness will significantly
increase the length of slay at the hospital. Relevant severity indicators contributing each to
an increase in length of stay arc (1) antcroscplally located ischemia. (2) prolonged ischemic
pain after three days of hospital stay, (3) specific cardiac rhythm disorders, (4) a LVEF-scorc
between 30 9f and 40 %, (5) pre-collapsc, (6) pericarditis. (7) mitral insufficiency and (8)
CVA/TIA. The variance explained by these severity indicators is 46.9 %.
In almost all cases the effects presumed from other severity indicators that have significant
correlations with the length of stay but that have non-significant parameters in the regression
analysis turn out to be explained by the correlations with one or more medical deficiencies.
The only exception to this is the presumed effects of a LVEF-scorc lower than 20 * and
cardiac shock which become non-significant because of the correction for deceased patients.
So, these severity indicators still might be seen as factors indirectly causing a shorter length
of stay. Inclusion of the 'death' variables next to the severity of illness indicators increases
the variance explained to 59.8 <*. From the analysis it turns out that patients who die within
ten days have a very short length of stay. But patients who die after ten days will have an
extremely long length of stay.
The additional variance next to severity of illness explained by the type of admission and
transfer turns out to be low (total is 48.1 % rcsp. 53.0 <*). When 'transfer' variables arc
included in the regression analysis, they turn out to have a decreasing effect on the
regression coefficient of CVA/TIA. This complication will increase the length of stay at the
cardiology department with about four days while the overall length of stay increases by
approximately ten days.
Next to the severity indicators introduction of other forms of non-regular discharge
(DHOME1 and DH0ME3) will increase the variance explained to 58.9 %. None of the
above mentioned severity indicators become non-significant in the eventual regression
analysis, except for two types of cardiac rhythm disorders (DRHYTHM4 and
DRHYTHM6). In the eventual analysis these effects are interpreted as spurious (patients arc
expected to have typical complications not included in this study), but some caution is still
in place. These two cardiac rhythm disorders might have substantial effects on lenght of
stay. But this can only be established if other factors influencing the length of stay, which we
have not measured in this study, arc included in the data-analysis.
When the DHOME-variables are introduced in the last step of the regression analysis the
value of some regression coefficients of severity indicators like ISLOC (first B=1.4 now
B=0.7), DISPAIN2 (first B=4.1 now 2.4) and DRHYTHM8 (first B=4.9 now 2.5) turns out
to decrease. All other indicators show only a minor decrease in their regression coefficients.
For the time being, the present solution involving a model in which the regression
coefficients are subjected to a strict form of conlroll is preferred in spite of the risk of
underestimating the effects of some indicators of severity in illness. In total 79 % of the
variance in length of stay is predicted by the severity of illness and conditional factors
together. The relative importance of these variables on the length of stay (beta parameters) is
presented in diagram 7.20.



Diagram 7.20 Path-analytic model in which an explanation is given of total length of hospital
stay in patients having AMI (Listwise deletion of missing cases, n=454).
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7.3.2. Explanation of costs of the coronary care unit.
The costs of the coronary care unit of a patient arc defined as ihc average material and
personnel costs per CCU-day multiplied by the number of days the patient is admitted to the
CCU (see § 6.1.3.). For the total patient population of 464 patients the mean CCU costs
amount to 1398.27 guilders (std.dev.= 1572.43); costs vary between ().(K) and 15074.80
guilders. Three patients have been excluded from the analysis because of their extremely
high CCU costs (m= 11016.20. std.dcv.=37()1.2O). The mean CCU cost of the remaining
patients is 1335.68 guilders (std.dcv.= 1349.77; n=461); costs now vary between 0.00 and
8407.10 guilders. Correlations between severity of illness, background characteristics,
length of stay and CCU costs arc presented in appendix 21.

• Severity of coronary stenosis.
Some correlations between CCU costs and the dummy variables representing the intensity,
extent and location of coronary stenosis (sec § 6.2.1) appear to be statistically significant. If
we restrict ourselves to correlations higher than 1.101. three of them seem to be relevant.
Patients having such a decrease in stenosis that no further deficiencies can be detected
during stay appear to have higher CCU costs (DSTENEXTl:r=.12;p<.01). Similarly,
patients with decreasing scores on the location index to about 'normal' values seem to have
higher CCU costs (DSTENLOCl:r=.14;p<.01). The third correlation concerns the one
between having a heart cathelcri/alion during stay and the CCU costs; having a
catheterizalion appears to increase the CCU costs. When dummy regression analysis of CCU
costs is done using each of the three stenosis indices separately, only patients who have
decreasing scores on the index of location of stenosis appear to incur significantly more
CCU costs, even if we control for type of stay (i.e. type of admission and type of discharge
in hospital). However, this 'effect' is explained by the enrollment in the PRIMI-protocol; if
patients participate in this clinical trial they receive a cathcicrization twice. It is assumed that
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this is the reason why they are kept under prolonged observation in CCU. The enrollment in
PRIMI itself appears to have no relation with the CCU costs.
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on f/i* CCt/ coitó.

* Severity of myocardial ischemia.
The extent of myocardial ischemia measured by ECG at rest (see § 6.2.2.1.) appears to be
moderately correlated with CCU costs, (ISEXT:r=.18;p<.(X)l). and if the ischemia is located
in the antcroscptal wall segment of the lcfi ventricle CCU costs will rise substantially
(ISLOC:r=.32;p<.(X)l). In the eventual regression analysis only the locution of myocardial
ischemia provides an additional explanation for differences in CCU costs (table 7.26). If
patients tend to have a high score on the location index of myocardial ischemia, they will
have higcr CCU costs. As one can sec from the correlation matrix in appendix 21, the extent
of ischemia appears to be highly correlated with the locution of ischemia (r=.37;p<.(X)l).
We can reasonably assume that the severity of myocardial ischemia measured by exercise
test will have no effect on the CCU costs. These tests arc normally planned just before the
patient leaves the hospital and are certainly not performed when a patient is staying at the
CCU.
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* Severity of myocardial necrosis.
According to appendix 21, the severity of myocardial necrosis (sec § 6.2.3.1.) measured by
the ECG at rest shows moderate correlations with CCU costs for both the extent of necrosis
(NECEXT:r=.18;p<.001) and the location of necrosis (NECLOC:r=.3();p<.(X)l). However, in
the eventual regression analysis, both effects turn out to be non-significant. The extent of
necrosis appears to be correlated with the extent of myocardial ischemia (r=.22;p<.(K)l).
Similarly, the location of the necrosis appears to be very highly correlated with the location
of cardiac wall motion abnormalities (r=.61 ;p<.(X)l).

As can be seen from table 7.21 variance explained by the severity of myocardial necrosis
measured by CPK-scverity categories (sec § 6.2.3.2.) amounts to .18. Patients with a
relatively low CPK release tend to have a shorter CCU-stay with low costs
(DCPK1 :r=-.15;p<.01). This is, however, not confirmed in the eventual regression analysis.
If patients have a very high CPK release, chances of staying in the CCU resulting in
relatively high CCU costs increase (DCPK4:r=.13;p<.01 and DCPK5:r=.36;p<.(X)l). The
CPK release (DCPK4 and DCPK5: area measure > 40.(XX)) appears to have an significant
increasing effect on CCU costs in the eventual regression analysis (table 7.26). Myocardial
necrosis measured by the other enzymes (SGOT and LDH) shows about the same
correlations with CCU costs, but these factors offer no additional explanation for costs like
CPK does, even when included separately in the same analysis.
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Table 7.21 Mean CCU costs of patients in categories representing myocardial necrosis
estimatied by total CPK release (n=461).
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* Severity of ischcmic pain.
Severity measured by ischcmic pain (sec § 6.2.4) appears not to be significantly correlated
with the CCU costs. No significant correlations arc found if patients have only ischcmic pain
in the acute phase of ihc stay (DISPAINl:r=.O7;p=.()8) or if patients apart from this initial
pain, suffer from pain after three days of hospital stay (DISPAIN2:r=.O6;p=.O9). In the
eventual regression analysis il lurns oul that patients with ischcmic pain do not stay in the
CCU longer than patients without ischcmic pain.
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• Severity of Cardiac Wall Motion abnormalities (CWM).
The important dimension in the severity of cardiac wall motion abnormalities as measured
by the intensity, the extent and the location (sec § 6.2.5) appears to be the location scale.
Variance in CCU costs explained by this indicator alone amounts to .12 (table 7.22). In
dummy regression analysis (which includes also patients who do not receive an ccho-
cardiography) the variance explained amounts to .18. Patients appear to have much higher
CCU costs if they have wall motion abnormalities in the anteroseptal wall segment of the
left ventricle (DCWMLOCl:r=.4();p<.(X)l). This effect remains significant in the eventual
regression analysis (table 7.26). Variance explained by the intensity-index of wall motion
abnormalities alone amounts to only .03 (if patients who do not have cchocardiography arc
excluded from analysis). In dummy regression analysis (n=461) the explained variance of
this factor alone amounts to .10. In the eventual regression analysis the assumed effect of
this factor was not significant anymore: this can partly be explained by the fact that patients
who show typical akinetic or dyskinctic cardiac wall motion tend to have a low left
ventricular ejection fraction (correlations of DCWMINT1 with DLVEF1 and DLVEF2 are
rcsp. .26 and .38, both significant at p<.(X)I) and these last factors do explain CCU costs
better. The non-significance in the effect of the intensity dimension of CWM abnormalities
is furthermore explained by the simultaneous emergence of typical cardiac rhythm disorders:
patients who have akinetic or dyskinctic wall motion abnormalities tend to suffer somewhat
more from recurrent sinuslachycardia or non-sustained ventricular tachycardia during stay
(DRUYTMM5:r=.l();p<.05) and they arc more likely to have sinustachycardia or atrial
fliittcr/fibrillalion in the beginning combined with left ventricular fluttcr/-fibrillalions or
sustained ventricular tachycardia in the later phase of their stay (DRHYTHM9:r=.13;p<.01).
Due lo the complications mentioned above the intensity-dimension of cardiac wall motion
abnormalities has no significant effect on CCU costs in the eventual regression analysis.



Variance explained by the extent of cardiac wall motion abnormalities alone amounts to .10
(n=313). In dummy regression analysis (n=461. with inclusion of patients who do not have
echocardiography) the variance explained amounts to .17. The effects of the first two
dummy variables (DCWMEXT1 and DCWMEXT2) arc not significant, but the three higher
numbered ones representing four wall segments and more seem to have significant effects
on the CCU costs. In the eventual regression analysis these seemingly important effects are
actually explained by the same factors mentioned in the preceding analysis: this is hardly
surprising, since there appears to be a strong positive correlation between the intensity and
extent scales (r=.59;p<.OO;n=313).
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Table 7.22 Mean CCU costs of patients within severity categories representing the location of
Cardiac Wall Motion abnormalities (n=461).
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* Severity of cardiac rhythm disorders.
As can be seen from table 7.23 variance of CCU costs explained by the severity of cardiac
rhythm disorders (see § 6.2.6) alone amounts to .34. The correlations between the dummy
variables representing the various severity categories and the CCU costs arc significant for
four variables: (1) sinustachycardia or non-sustained ventricular tachycardia in the follow-up
phase of stay (DRHYTHM4:r=.16;p<.001), (2) recurrent sinustachycardia or non-sustained
ventricular tachycardia (DRHYTHM5:r=.22;p<.()01), (3) acute ventricular flultcr/-
fibrillations followed by atrial fluttcr/-fibrillations or sinustachycardia
(DRHYTHM8:r=.13;p<.01) and (4) acute sinustachycardia or atrial flutter/fibrillations
combined with ventricular fiuttcrAfibrillations or sustained ventricular tachycardia in the
follow-up phase of stay (DRHYTHM9:r=.45;p<.001). Patients with these specific rhythm
disorders have a significantly higher chance of incurring high CCU costs. The supposed
effects belonging to these rhythm abnormalities turn out to be significant in the eventual
regression analysis (table 7.26).
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Table 7.23 Mean CCU costs of patients in severity
appearance of cardiac rhythm disorders (n=461).
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* Severity of cardiac conduction disorders.
Variance of CCU costs explained by cardiac conduction disorders (see § 6.2.7.) alone
amounts to .06 (table 7.24). Two conduction severity categories appear to be relevant with
respect to CCU costs: recurrent right bundle branch block (DCONDUC5:r=.15;p<.001) and
third degree AV-block combined with ventricular escape rhythm in the follow-up phase
(DCONDUC6:r=.l6;p<.(X)l). However, in the eventual regression analysis only the first
type of conduction disorders appears to have a significant effect (table 7.26). Why the
assumed effect of the other type (DCONDUC6) is nonsignificant is partly explained by the
fact that patients who have high levels of total CPK enzyme release (DCPK5) typically
develop a third degree AV-block combined with ventricular escape rhythm in the follow-up
phase (r=.18;p<.(H)l). and these enzyme values turn out to have a substantial increasing
effect on the CCU costs. Furthermore, this conduction disorder tends to be accompanied by
acute sinustachycardia or atrial flutler/-fibrillations combined with ventricular fluttcr/-
fibrillations or sustained ventricular tachycardia in the follow-up phase
(DRMYTHM9:r=.18;p<.(K)l) or acute ventricular fiuttcr/-fibrillations followed by airial
flutier/fibi illations later on (DRHYTHM8:r=.18;p<.001). These two factors provide a better
explanation for CCU costs.
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Table 7.24 Mean CCU costs of patients in severity categories representing type and time of
appearance in cardiac conduction disorders (n=461).
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* Severity of heart failure.
Variance of CCU costs explained by the severity of heart failure as measured by the Left
Ventricular Ejection Fraction (sec § 6.2.8.1.) amounts to .15 (table 7.25). Patients with a
LVEF between 20 % and 40 9? show moderately high correlations with CCU costs
(DLVEFl:r=.26;p<.001 and DLVEF2:r=.28;p<.()01). In a dummy regression analysis
containing only the three LVEF-variablcs, two of the three arc statistically significant
(DLVEF1 and DLVEF2) and the third (DLVEF3) is just non-significant (p=.06). When the
length of stay and the type of admission and discharge arc included in the analysis, all three
effects are significant. When all other severity-indicators arc added to the regression
equation, then only the presence of an ejection fraction between 30 % and 40 % (DLVEF1)
will cause a significant rise in CCU costs (table 7.26). Having an ejection fraction between
20 % and 30 % (DLVEF2) or less than 20 % (DLVEF3) will not increase CCU costs at all.
This rather puzzling effect may be explained by other severity indicators. In general, patients
tend to have a low ejection fraction when they have cardiac wall motion abnormalities in the
anteroseptal area. As we have seen above, patients with this abnormality tend to have higher
CCU costs. Furthermore, specific rhythm disorders arc associated with a low ejection
fraction: recurrent sinustachycardia is positively correlated with an ejection fraction lower
than 20 % (DRHYTHM5:r=.20;p<.001) and ventricular flutter/fibrillations or sustained
ventricular tachycardia in the latter part of the stay is highly related to an ejection fraction
between 20 and 30 % (DRHYTHM9:r=.30;p<.001). Both factors will at the same time cause
a sharp rise in CCU costs. Also, a LVEF score between 20 % and 30 % will be related to a
longer length of stay (LOS:r=.30;p<.001) which naturally will be associated with a higher
chance of incurring CCU costs.

The severity of heart failure measured by the Left Ventricular End Diastolic Dimension
(LVEDD) appears to be correlated with CCU costs: patients with deviating LVEDD of more
than 55 mm show a significantly higher chance of incurring CCU costs (r=.16;p<.001). But
in the eventual regression analysis the LVEDD has no significant effect on CCU costs. This
may be explained by the fact that patients showing LVEDD-dcviations will generally suffer
from cardiac wall motion abnormalities in the antcroseptal side of the left ventricle
(CWMLOCl:r=.14;p<.001) and this factor will cause substantially high CCU costs.
Furthermore there are positive correlations between the LVEF-dummy variables and the
LVEDD, for instance the correlation between LVEDD and DLVEF2 is .28 (p<.001) and that
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with DLVEF3 is .17 (p<.(X)l). Although the relative effect of these last dummy variables on
the CCU costs is not significant, this will help to make the effect of LVEDD in the eventual
regression analysis non-significant.

Severity of heart failure located in the right ventricle, measured by the collapse of the Vena
Cava Inferior (VCI) index (see § 6.2.8.2.), seems to be somewhat weakly correlated with
CCU costs (r=.17;p<.(X)l). In addition when patients have cardiac wall motion abnormalities
in ihc right ventricle, chances arc that they will have somewhat higher CCU costs
(CWMRV:r=.0y;p<.05). However, in the eventual regression analysis both effects turn out to
be non-significant, because patients with limited collapse of the vena cava inferior have
higher chances of suffering from cardiac wall motion abnormalities in the antcroscptal side
(DCWML0Cl:r=.16;p<.(X)l). They also tend to have a low score on the LVEF index
(LVEF2:r=.17;p<.(X)l). and typical conduction disorders (DCONDUC6:r=.15; p<.001).
They will - perhaps as a result of this - have a prolonged stay in hospital (DH0ME3:
r=.16;p<.(X)l). Patients suffering from cardiac wall motion abnormalities in the right
ventricle (CWMRV) will generally have supravcntricular rhythm disorders and a high level
of CPK cn/.ymc release in the blood scrum. Right-ventricular infarction measured by ST-
changes turns out to have no correlation with CCU costs at all (ISRV:r=.00;p=.49).
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Table 7.25 Mean CCU costs in patients within severity categories representing the Left
Ventricular KJeclion Fraction (n=461).

0 m>rm«/fZ.V£F >•/«%)
/ j//«/if/.v im/wirmwif f.?0 % < LV£F <
2 JI"»'»-»»- iffi/KHirruw (20 % < Z.V£F < JO * ; 2V9J. /4
J vrrv irvrfr «m/winn«-«f (LV£F <20 * ) /S//.SS

762.79

775.06
/842.5J
2/72.57
/J55.JS
522.52

/SJ
79
50

S
/•*/

£/<»'.•./5(/>< .00/)

* Severity of physical deficiencies and specific cardiac complications.
Physical deficiencies (sec § 6.2.').) which arc significantly correlated with CCU costs are
palpitations (PALP:r=.15;p<.(X)l), prc-collapse (PRECOL:r=.16;p<.(X)l), syncope/collapse
(SYCOL:r=.08;p<.05). dyspnea (DYSPN:r=. 15;p<.01), low blood pressure
(LBLPRES:r=.14;p<.01) and lung edema (LEDEMA:r=.15;p<.01). In the eventual
regression analysis none of these physical deficiencies turns out to be an additional
explanation for the CCU costs.
Patients who have palpitations during their stay arc more likely to have atrial flutter/-
fihrillalions or sinustachycardia in the first part of their stay combined with ventricular
fluttcr/-fibrillations or sustained ventricular tachycardia later on in their stay
(DRHYTH!vW:r=.22;p<.(X)l). In addition to this, these patients have a greater chance of
suffering from pericarditis (PERIC:r=.13;p<01). Both confounding factors explain the
assumed effect of palpitations on the CCU costs.
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Patients suffering from pre-collapse during their stay will also have higher chances of
having atrial flutter/-fibrillations or sinustachyeardia in the first part of their stay followed
by ventricular fluttcr/-fibrillations or sustained ventricular tachycardia later on
(DRHYTHM9:r=.19;rx.001). At the same lime their length of stay is positively correlated
with prc-collapse during slay (LOS:r=.24;p<.(X)l) and their hospital discharge tends to be
rather late (DHOME3:r=.13;p<.001). All three factors will explain any presumed effect of
prc-collapse on the CCU costs.
Patients who have a syncope/collapse during their stay are more likely to sutler from
anteroscptally located cardiac wall motion abnormalities (DCWMLOCl:r=.20;p<.(X)l) and
will have a longer stay in hospital (LOS:r=.19;p<.(X)l). At the same time these patients lend
to be discharged rather late (DHOME3:r=. 13;p<.01).
Patients who have lung edema during their stay arc likely to suffer from antcroscptally
located cardiac wall motion abnormalities (DCWMLOCl:r=.25;p<.(X)l) and at the same
time arc likely to have atrial flutter/-fibrillations or sinustachycardia in the first part of their
stay followed by ventricular fluttcr/-fibrillations in the latter part of their slay
(DRHYTHM9:r=.2();p<.(X)l). Also, these patients suffer from recurrent sinustachycardiu
during their stay (DRHYTHM5:r=.15;p<.()01). Finally, they tend to have low a Left
Ventricular Ejection Fraction, between 20 <* and 30 <* (DLVEF2:r=.32;p<(X)l). All factors
mentioned above will explain any assumed effect between lung edema and CCU costs. All
other physical deficiencies caused by AMI hitherto not mentioned have no significant effect
on the CCU costs.
Specific cardiac complications highly correlated with CCU costs arc pericarditis (PERIC:
r=.34;p<.001) and mitral insufficiency (MITINS:r=.l l;p<.()5). Only pericarditis has u
significant increasing effect on the CCU costs in the eventual regression analysis (table
7.26). Patients having mitral insufficiency arc likely to stay longer in hospital
(LOS:r=.20;p<.(X)l). At the same time they tend to be in the highest category of the total
CPK-relcase (DCPK5:r=.22;p<.001). Other complications like cardiogenic shock
(CSHOCK:r=-.05;p=.13) and CVA/TIA (CVA:r=-.()3;p=.27) show no significant
correlations with CCU costs at all and turn out to have no effect on the CCU costs.
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* Characteristics of admission and discharge, and length of hospital stay.
From the results from regression analysis (table 7.26) it may be concluded that in addition to
the patient's severity of illness, conditional factors like type of admission and type of
discharge are also significantly related to the CCU costs. Patients admitted via other
hospitals ten days after having stayed in the previous hospital have significantly lower CCU
costs. If patients are discharged in T3 or, if patients arc transferred to other medical
departments in T3, CCU costs tend to be relatively high. If patients die within ten days their
CCU costs are relatively lower.

* Background characteristics.
None of the patient's individual background characteristics (sec § 6.3.1) show significant
correlations with the CCU costs. In the eventual regression analysis each presumed effect
involving background characteristics is not statistically significant. In almost all cases the
background variables are highly correlated with one or more indicators measuring severity
of illness.
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Table 7.26 Results from the eventual regression analysis: dependent variable is CCU costs for
AMI patients (Listwise deletion of missing cases, n = 459).
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Discussion.

It may concluded that the severity of illness of patients with AMI has an important
increasing effect on CCU costs. Severity indicators explaining an increase in CCU costs are
(1) antcroseptally located ischemia measured by ECG at rest. (2) very high cn/ymc release,
(3) antcroseptally located cardiac wall motion abnormalities,(4) specific cardiac rhythm
disorders, (5) specific cardiac conduction disorders. (6) a LVEF between 30 '* and 40 W
and (7) pericarditis. Variance explained by these severity indicators alone is 58.1 '<•.
In almost all cases the presumed effects of other severity indicators having significant
correlations with the CCU costs but having non-significant effects in the eventual regression
analysis turn out to be explained by the correlations with one or more of the already
mentioned deficiencies. Some of these severity indicators turn out to be also significantly
correlated with the length of stay. Because of this their presumed effects on CCU costs turn
out to be non-significant in the eventual regression analysis. Introducing the length of stay as
a conditional variable next to the severity indicators docs increase the variance which can be
explained to 59.0 9L Inclusion of the 'death' dummy variables next to the severity of illness
indicators increases the variance explained to 60.1 '/?. Death within ten days of the slay is
negatively associated with CCU costs.
Next to the severity of illness indicators, the variance explained by the type of admission
and transfer turns out to be low (total is 58.5 % resp. 59.39F). However, the beta parameters
arc significant in the eventual regression analysis. One may conclude that patients coming
from other hospitals will generally be admitted to the routine nursing unit and not to the
CCU. Patients transferred to another medical department in the same hospital will have
higher CCU costs, probably due to specific complications or co-morbidities. Other ly|>cs of
non-regular discharge (DHOME1 and DHOME3) in addition to the severity indicators, will
increase the additional explained variance, to 63.5 '#. All the presumed effects of severity
indicators mentioned do stay significant in the eventual regression analysis when the
conditional variables arc introduced. When the DHOME-variables arc introduced in the last
step in regression analysis some regression coefficients of severity indicators such as
DRHYTHM8 (first B=l693.5 now B=1434.1) and DC0NDUC6 (first B=397.6 now 2(K).87)
turn out to decrease. All other significant effects of indicators show only a minor decrease in
the regression coefficients. Similar to the previous analysis there is a prcfcrrcncc for the
solution in which the regression coefficients arc subjected to strict control by confounding
variables which may cause some underestimation of the effects. In total 67 % of the variance
in CCU costs is predicted by the severity of illness and conditional factors. The relative
importance of these variables for the CCU costs (beta-parameters) is presented in diagram
7.27.
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Diagram 7.27 Path analytic model in which an explanation is given of the CCU costs for
patients having AMI (Listwise deletion of missing cases, n=459).

l-irrccts of dummy variable» In hrcakcu are nm significant at the 5 * level. Only beta parameters are shown.

7.3.3. Explanation of other costs of medical care.
Relations between costs of drugs, costs of laboratory services, costs of ECG, costs of
echocardiography and costs of exercise tests with severity indicators are analyzed in the
same way as length of stay and CCU costs. For reasons of shortness only the results of each
analysis will be summarized here. Correlation matrices and results from regression analysis
will be presented in the appendices.

* Explanation of costs of drugs.
Severity indicators which have a substantial effect on the costs of drugs according to the
results in appendix 27 arc: (I) severity of ischemic pain; patients still having ischemic pain
after three days incur higher costs for drugs, (2) severity of rhythm disorders; patients with
acute sinustachycardia or atrial nutter/fibrillations combined with ventricular fluttcr/-
fibrillations or sustained ventricular tachycardia later on have higher costs for drugs, (3)
severity of heart failure measured by Left Ventricular End Diastolic Dimension (LVEDD);
patients with LVEDD of more than 55 mm have higher costs for drugs, and (4) one physical
deficiency caused by AMI; patients with edema located in ankles or feet will have higher
costs for drugs. All other severity indicators turn out to have no substantial effect on the
costs of drugs. In almost all cases severity indicators as well as costs of drugs (appendices
22-26) appear to be highly associated with the length of stay. When length of stay of patients
is introduced in regression analysis presumed effects of a number of severity indicators turn
out not to be significant anymore. Costs of drugs have a very high positive correlation with
the patient's length of stay (r=.78;p<.(KM). One could say that - besides some functional
medical deficiencies directly or indirectly caused by myocardial necrosis - the costs of drugs
can be explained on a day-to-day basis. The severity of illness may be seen as an indirect
factor for costs of drugs; because more severe patients will slay in hospital longer their costs
of drugs will rise accordingly. Furthermore, next to the patient's severity of illness and
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length of stay, conditional factors like type of admission and type of discharge are in some
cases significantly related to costs of drugs: patients who get an infarction while in hospital
have lower costs of drugs, and if patients arc transferred to other medical departments during
the acute or post-acute phase of their stay, their costs for drugs will also he lower. Individual
background characteristics of patients arc irrelevant in the prediction of costs of drugs. In
total 75 * of the variance in costs of drugs is predicted by both severity of illness and these
conditional factors.

• Explanation of costs of laboratory services.
Severity indicators having a substantial effect on costs of laboratory services delivered to
AMI-patients are (appendix 33): (1) the location of myocardial necrosis; patients with
antcroseptally located necrosis will have higher costs for laboratory services than other
patients. (2) CPK-cnzymc release; if the CPK enzyme release is miuJcralcly high (between
10.(KX) and 20.000 U/l * hours) or extremely high (> 60.(XX) U/l * hours) patients will also
have higher costs for laboratory services, (3) severity of ischemic pain; patients with
ischemic pain only in the beginning as well as patients with prolonged ischemic pain will
have higher costs for laboratory services, (4) severity of rhythm disorders; patients with
acute ventricular fluttcr/-fibrillations combined with atrial flu(tcr/-fihrillations or sinus-
tachycardia later on and patients with acute sinustachycardia or atrial flullcr/HhnlIalions
combined with ventricular fluttcr/-fibrillations or sustained ventricular tachycardia later on
will have higher costs for laboratory services, (5) severity of conduction disorders; patients
with an acute third degree AV-block with ventricular escape rhythm will incur higher costs
for laboratory services, (6) severity of right sided-hcart failure; patients with a collapse of
the Vena Cava Inferior of less than 50 9f will incur higher costs for laboratory services and
(7) one specific complication; patients with a CVA or T1A during their stay will have higher
costs for laboratory services.
All other severity indicators showing (significant) relations with the costs of laboratory
services (appendices 28-32) also appear to be highly associated with the length of slay or
with one of the severity criteria mentioned above and will therefore produce no substantial
effect on these costs. The costs of laboratory services arc moderately correlated to the
patient's length of stay (r=.36;p<.001). It may concluded that when patients stay in hospital
longer, costs of laboratory services will increase. In addition, patients who get an infarction
while in hospital have lower costs for laboratory services. This is also the case if patients die
immediately within period TO. Furthermore, when patients arc transferred to other medical
departments their costs for laboratory services (requested by cardiologists) will naturally be
lower. Data analysis also shows that patients attending the PRIMI-protocol will have higher
costs for laboratory services, irrespective of their severity of illness, their length of stay and
type of admission or discharge. Individual background characteristics of patients turn out to
have no additional predictive value. In total 72 % of the variance in costs of laboratory
services is predicted by the severity of illness plus conditional factors.

* Explanation of costs of ECG.
The only severity indicator having a substantial effect on the costs of ECG of AMI-paticnts
turns out be the severity of rhythm disorders (appendix 40); patients with sinustachycardia
or non-sustained ventricular tachycardia exclusively in the follow-up phase and patients with
acute sinustachycardia or atrial fluttcr/-fibrillations combined with ventricular fluttcr/-
fibrillations or sustained ventricular tachycardia later on will have higher costs for ECG. All
other severity criteria having a significant associations with the costs of ECG (appendices
34-39) turn out to have no substantial effect on these costs, when at the same time the
conditional factors are introduced in the regression analysis. An extremely high correlation
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is present between the length of stay and costs of ECG (r=.87;p<.001), indicating that the
longer the patient's hospital stay the higher the costs for ECG. This is not surprising since
AMI patients routinely get at least one ECG per hospital day. So the question to explain the
cost of ECG may be answered by explaining the patient's length of hospital stay. If patients
die or arc transferred, then chances of having high costs of ECG will naturally decrease.
Individual background characteristics of patients have no predictive power whatsoever on
the costs for ECG. In total 89 9f of the variance in costs of ECG is predicted by the
combination of severity of illness and conditional factors.

* Explanation of costs of echocardiography.
Severity indicators having a substantial effect on costs of echocardiography are (appendix
44) lung edema and pericarditis; if patients suffer from lung edema or pericarditis costs of
echocardiography will rise significantly. Other severity indicators that arc significantly
associated with these costs (appendices 41-43) turn out to have no substantial effect on costs
of echocardiography; in almost all cases these costs also highly correlated with the length of
stay at the CCU. The length of stay at the CCU turns out to be the crucial 'in between' factor
in the data analysis since this variable is highly correlated with costs of echocardiography
(r=.48;p<.(X)l); costs of echocardiography tend to rise, if patients stay in CCU longer. This
is not surprising since specific results of echocardiography arc normally used to decide
whether or not a patient can leave the CCU. In addition to this, if patients die during slay, get
discharged within three days or arc transferred to other medical departments within ten days
costs will naturally be lower. Again, individual background characteristics of patients do not
seem to be relevant in predicting costs of echocardiography. In total 32 % of the variance in
costs of echocardiography is predicted by the severity of illness combined with the
conditional (actors.

* Explanation of costs of exercise tests.
From regression analysis (appendix 48) it may be concluded that the severity of illness has a
low but negative effect on the costs of exercise tests (Bruce or thallium). It turns out that if
patients have recurrent atrial flutter/fibrillations, or if they have edema in ankles or feet, or if
they have a CVA or TIA an exercise test is generally not performed. Other severity
indicators significantly associated to costs of exercise tests (appendices 45-47) appear to be
cither closely related with (one of) the mentioned severity criteria or with (one of) the
conditional factors. Patients will normally get an exercise test just before they leave the
hospital. Patients coming from other hospitals or being discharged within three days, or
deceased patients (the latter may be obvious) have lower chances of getting an exercise test.
The same holds for older patients; they turn out to have significantly lower costs for exercise
tests. In total 25 '# of the variance in costs of exercise tests is explained by the combination
of severity of illness and conditional factors.
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7.4. Conclusions.
The results of the regression analysis regarding the differences in costs of ten types of
specific medical care given to patients with Acute Myocardial Infarction explained by (.1)
the patient's severity of illness, (2) medical treatment, (3) contra-indicalions for medical
treatment. (4) participation of patients in clinical trials. (5) background characteristics, and
(6) conditional factors related to characteristics of the patient's hospital stay will now be
summarized.

1. Severity of illness.
In general, the influence of the patient's severity of illness on medical cure costs tends to
show variations in strength: sometimes the effects arc relatively large, sometimes no effect is
to be found at all. Four degrees in the strength of the relative influence on costs and length
of stay may be distinguished (A-D).

A) Severity of illness in AMI-paticnts has a large effect on their length of stay and
their CCU costs.

Differences in length of stay and CCU costs arc not explained by exactly the same severity
indicators, although some indicators have an effect on both dependent variables. The
patient's length of stay is, for the greater part, explained by the clinical causes and
consequences of myocardial necrosis, but not so much by the severity of the necrosis itself.
One of the causes of AMI, myocardial ischemia, will increase hospital stay, particularly if it
is located in the antcroscplal side of the left ventricle. Consequences of AMI like specific
cardiac rhythm disorders, heart failure in the left ventricle, pericarditis, mitral insufficiency
and CVA/TIA will each increase the length of stay substantially. Furthermore, (still)
experiencing ischemic pain after several days in hospital or having a prc-collapsc during
stay are additional factors that will prolong hospital stay. The stay in (and costs of) the CCU
for patients with AMI, will increase partly as a result of the same factors that also have an
effect on length of stay: antcroscptal myocardial ischemia, specific cardiac rhythm disorders,
heart failure in the left ventricle and pericarditis. However, other factors, explaining the
patients' length of stay have no additional effect on CCU cost. On the other hand high scores
on some severity indicators, such as an extremely high enzyme release (CPK),
antcroscptally located cardiac wall motion abnormalities and recurrent right bundle branch
block are relevant and typical for an increase in CCU costs.

B) Severity of illness in AMI-patients has a moderate effect on costs of thrombolytic
therapy and costs of laboratory services.

Whether patients receive thrombolytic therapy is dependent on their acute severity condition
on admission: patients with antcroscptally located necrosis (indicated by typical Q-wavcs in
ECG) and extended myocardial ischemia over more wall segments in the left ventricle
(indicated by typical ST-changcs in ECG) have a higher chance of getting thrombolytic
therapy. Furthermore, this chance increases if patients suffer from ischemic pain on
admission.

Severity indicators related to myocardial necrosis have an effect on costs of laboratory
services: patients with antcroscptally located necrosis or with a moderately or extremely
high enzyme release will generally get more laboratory tests. If patients suffer from ischemic
pain there is an additional reason for doing more laboratory tests, probably to check for
recurrent infarction. Furthermore, the consequences of myocardial necrosis also have an
additional effect on the costs of laboratory services: if patients suffer from specific rhythm
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or conduction disorders, if they show right ventricle failure, or if they get a CVA/TIA, this
will certainly lead to more laboratory services. Regardless of these severity indicators, the
costs of laboratory services are also highly correlated to the patient's length of stay: if
patients stay in hospital longer, costs will naturally rise.

C) Severity of illness in AMI-patients has a relatively weak effect on the costs of
acute cathetcrization, costs of acute PTCA, the total costs of drugs, the costs of
ECG and the costs of echocardiography.

The costs of acute cathetcrization turn out to be weakly influenced by the patient's severity
of illness. Patients with ischemia extended over more wall segments have higher chances of
receiving a cathetcrization. However, the results indicate that whether or not patients receive
thrombolytic therapy may offer a better prediction for cosls of acute catheterization.

One vessel disease during TO will increase the costs due to (acute) PTCA. If these patients
show occluded coronary stenosis this will certainly enlarge chances of getting a PTCA.
Furthermore, if myocardial necrosis is located in the antcroscptal area chances that PTCA
will be performed will somewhat increase.

The total costs of drugs and ECG are strongly related to the patient's length of stay and the
way patients arc admitted to and discharged from the hospital. These costs will rise
progressively with the length of stay. The costs of cchocardiography arc strongly correlated
to the length of stay at the CCU; if patients tend to stay at the CCU longer the costs of
cchocardiography will definitely rise. The severity of illness of AMI may be seen as the
indirect cause of specific costs. As we have seen in previous data analysis, severely ill
patients will stay longer at the hospital (c.q. at the CCU). Because of this they will
presumedly have higher costs for drugs, ECG and cchocardiography. Thus, severity
indicators explaining the length of stay at the hospital or the costs of CCU may be
considered indirectly responsible for increasing the costs of drugs, ECG or
cchocardiography. The severity of illness also has a direct effect on the latter costs. The
costs of drugs, for instance, will increase additionally if patients still have ischemic pain
after several days in hospital, if they have very severe cardiac rhythm disorders, if they have
right-sided heart failure or if they have edema in the ankles or feet. The costs of ECG's will
increase additionally if patients have severe cardiac rhythm disorders. The costs of
cchocardiography will increase, if patients suffer from lung edema or pericarditis. As a
general conclusion one might state that the severity of illness of AMI patients does have
indirect as well as direct effects on these specific costs.

D) The severity of illness will not increase costs due to exercise tests.
In contrast to previous results, specific types of severity of illness will tend to decrease the
cosls made by exercise tests. If AMI patients have recurrent atrial fluttcr/-fibrillations, have
edema in the ankles, feet or abdomen, or suffer from CVA/TIA during slay, they have lower
chances of incurring costs for exercise tests.

2. Medical treatment.
Medical treatment as such will sometimes have a strong relation to the costs for other
medical care, regardless of the severity of illness. From the data analysis it is found that
thrombolytic therapy is highly positively correlated with the costs due to acute heart
catheleri/ation; acute ihrombolytic therapy appears to go hand in hand with subsequent
acute heart cathctcrization, apparently to ascertain the effects of the treatment. On the other
hand, acute thrombolytic therapy is negatively associated with the costs due to PTCA for
patients with one vessel disease. Patients having had acute ihrombolytic therapy seem to
have lower chances of getting a PTCA.
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3. Contra-indications.
Obviously, conira-indications will have a restrictive impact on incurring costs of treatment.
The only specific conira-indications in this study concern those for thrombolytie therapy. At
the cardiology department in our study three major contra-indications for this form of
treatment did exist at the time of investigation: having ischemic pain for more than six
hours, being in coma, or being older than 75 years. All AMI patients with one of these
contra-indications do not incur any costs for thromholytic therapy at all.

4. Participation of patients in clinical trials.
Enrollment in a clinical trial will naturally influence the costs of medical care. In the patient
population at the time of investigation this concerned only one specific project (i.e. PRIM1-
trial), in which 54 patients participated. Enrollment in this clinical trial involved a standard
incurrence of costs for thrombolytic therapy, heart cathcteri/ation and laboratory services.

5. Background characteristics.
A patient's background characteristics turn out to have no predictive value for costs of
medical care, if one takes into account the patient's severity of illness on admission or
during hospital stay. The only exceptions arc the patient's age and sex; older patients will
have a lower chance of incurring costs for exercise tests. Al the time of investigation, the
patient's age (older than 75 years) did form a decisive contraindication for ihromholylic
therapy. It has also been found that female patients have a significantly lower chance lo gel
an acute heart cathctcrizalion.

6. Conditional factors related to characteristics of the patient 's hospital stay.
Although conditional factors have essentially been used in the regression analysis to
distinguish real effects from spurious effects between severity of illness and costs, these
factors themselves also turn out to have significant predictive power towards cosls of
medical care. These significant (partial) relations between conditional factors and costs
could not be explained by the severity indices used in the data analysis. For instance,
deceased patients differ very much in costs compared to non-deceased patients.
Furthermore, patients who die very soon during their stay have a shorter length of slay and
therefore relatively lower costs in contrast to patients who die after a long time in hospital.
Because the actual cause of death of these patients has not been included in this study, the
factor 'decease during hospital stay' may be regarded as an important 'explanation' for
costs.
Other non-regular forms of discharge not explained by the severity of illness turn out to have
significant relations with particular costs. An extremely early discharge will (quite naturally)
lead to a very short length of stay and lower costs; circumstances not investigated in this
study such as transfer to another hospital might be the reason for this significant (partial)
relation. A non-regular late discharge will quite naturally be related to the length of stay and
CCU costs, probably due to factors not captured by our severity indices, such as rare
complications or comorbiditics. Patients coming from other hospitals turn out to have a
shorter length of stay and have lower CCU costs. If patients arc transferred to another
medical department within the same hospital because of specific complications, their total
length of stay will increase. Although these factors will contribute in the prediction of
medical care costs they must not be regarded as an explanation for these costs.

The results from the mullivariate data analysis as outlined in this chapter will be used to
propose a patient classification system for patients having Acute Myocardial Infarction. The
methodology of this procedure will be outlined in chapter 8.





8. Classifying acute myocardial infarction
patients according to their seventy of
illness.

In this chapter a Severity of Illness Classification (henceforth SIC) will be proposed for
patients with Acute Myocardial Infarction. First, the empirically based conclusions of this
analysis will he compared with the assumptions made by other classification systems used to
explain costs of care (8.1.). Next the methodology of the system will be proposed in which
patients will be categorized into groups to explain length of hospital stay (8.2.). Then, the
predictive validity of the SIC will be compared to the predictive validity of the DRG's (8.3.).
Some applications of a SIC will be given (8.4) and finally conclusions of this chapter will be
shortly summarized (8.5.)

8.1. Comparison of severity indicators empirically
found in this study and assumptions of other
studies.

All severity indicators found to be relevant in explaining costs of care in AMI-puticnls have
been summarized in table 8.1. If one compares the empirically found severity indicators in
this study with the indicators used in other studies (sec § 2.2) some interesting differences
can be observed. The DRG system differentiates AMI patients with and without specific
cardiovascular complications. Although some of the severity indicators found to be relevant
in this study are included in the complication category (i.e. specific rhythm and conduction
disorders and left ventricular heart failure), the DRG-systcm docs not take into account the
time at which these deficiencies occur during the patient's hospital stay. Specific illness
characteristics such as the location of myocardial ischemia and necrosis, the (time of)
appearance of ischemic pain, the total enzyme release and the location of cardiac wall
motion abnormalities, which have important effects on the costs, arc not specified by the
DRG system. Furthermore, the DRG system categorizes patients who died during hospital
stay into one separate group. However, one of the conclusions of chapter 7 is that not all
patients who die in the hospital have a short stay or low costs.
The same remarks can be made for the Disease Staging system and the PMC system with
one exception: both systems place patients with specific complications into separate
categories. These systems also do not specify the time of occurrence of these complications
nor do they use typical severity indicators obtained from medical history or diagnostic tests.

Disease-specific patient classification systems which place the severity of illness in a more
central role (APACHE II, Mcdisgrps and CSI, sec § 2.2.) arc much more comparable with
regard to the empirical results in chapter 7. The severity indicators used by the APACHE II-
systcm (table 2.7) do not match at all with the severity indicators found in this study. The
APACHE II-systcm is expected to be less suitable for explaining costs of medical care in
AMI patients because this system is developed for, and mainly used in, the Intensive Care
Units in which patients with various types of illness may lie. The MEDISGRPS-systcm uses
more specific severity indicators (table 2.8). ECG-data that arc expected to be relevant for
the construction of severity categories in the MEDISGRPS-systcm arc: ischemia/atrial
fibrillations, myocardial infarction and third degree heart block. Following the results in
chapter 7, the location of ischemia and necrosis (in the antcroscptal area) turns out to be
important. Atrial fibrillations are also found to be important, certainly if this is followed by
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ventricular fibrillations. Other indicators distinguished by MEDISGRPS such as
cardiomcgaly, rales, cardiomyopathy, coma and respirations have either not been
investigated in this study or turn out to have no direct effect on the costs of medical care.
According to MEDISGRPS, heart failure places a patient in a high severity category, but
from our results a distinction needs to be made between left and right sided heart failure.
Absolute enzyme values (i.e. CPK) are also used in the MEDISGRPS-systcm but only
relatively high area scores arc found to be relevant in our study.
The severity indicators used in the CSI-system (table 2.6) are more akin to the indicators
found in our study. Still, the CSI-system makes no distinction in the location of ST-changes.
A third degree block and life-threatening arrhythmias are mentioned as relevant indicators.
Indicators like cardiac output ( more or less comparable with LVEF and LVEDD) are used.
The CSI-system is the only system that uses chest pain as a severity indicator, but it
emphasizes the duration of pain rather than the incidence of pain during stay. In our study,
the incidence of ischemic pain is found to be an important indicator. Severity indicators
based on physical deficiencies, such as pulmonary edema, cyanosis and dyspnea are also
found to be relevant. Other CSI-indicators, such as fever, urine output, white blood counts
have not been investigated in this study. The cardiologists consulted did consider these
indicators of less importance in measuring the severity of AMI-paticnts. Specific
complications (i.e. pericarditis, mitral insufficiency and CVA/TIA) are distinguished
separately; the CSI system applies a weighting rule to measure the overall severity of illness
in case of such specific complications or other diseases.

It may be concluded that with regard to AMI patients, large differences exist among the
indicators used in patient classification systems. Relevant indicators used in the
Computerized Severity of Illness (CSI)-systcm are somewhat akin to those found in this
cnyumuJ sludy

Differences in indicators used to classify patients arc generally caused by the differences in
the purposes for which a classification system is developed. There arc systems which
originally arc developed to predict utilization of resources and costs (DRG and PMC) and
systems which arc developed to predict death rates and to analyze quality of care within
disease specific categories (Disease Staging, CSI, APACHE II and MEDISGRPS).
Differences also exist in the type of criteria used to classify patients: some systems use
medical abstract data such as diagnosis and procedures (DRG, PMC and Coded Disease
Staging), while others use specific clinical indicators obtained from diagnostic results and
the patient 's medical history (Clinical Disease Staging, CSI, APACHE II and
MEDISGRPS). There arc also differences in the methodology used to find criteria for costs
differences. There arc systems which use criteria derived from a combination of an empirical
data analysis and professional judgement (such as DRG and PMC). Most systems are
generally only based on the judgement of medical experts (Disease Staging, CSI, APACHE
II and MEDISGRPS).
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Table 8.1 Severity indicators explaining cost of medical care in patients with Acute Mvocardial
Infarction, which are relevant according to the results of the (dummy) regression analysis
reported in chapter 7.
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8.2. Severity of Illness Classification (SIC) for AMI
patients.

Based on the results of chapter 7 one may conclude that three separate classifications of
AMI patients arc possible: one explaining variations of acute care costs, another for
explaining variations in length of stay and thirdly, one forCCU costs. A naive question that
may arise is how to develop one overall classification system which will be able to explain
each specific type of costs of medical care. Using only the criteria which have an effect on
the length of stay (and related costs) will be at the expense of the predictive value of the
CCU costs, and vice versa. The severity on admission may not be a good predictor for the
CCU costs and total length of stay. Another question that may arise, for instance is, if the
relevant severity criteria having an effect on the CCU costs can be substituted by severity
criteria having an effect on the length of stay. Therefore, all correlations between the
different indicators have been tested for statistical significance. However, we did not
succeed in finding adequate substitutions for the different indicators that could also be
confirmed from a medical point of view.
So, for the time being priority will be given to develop a classification system based on
indicators having an effect on length of stay. This choice has been made because this
dependent variable is also often used in other classification systems. Another reason is that
overall length of stay is generally assumed to have a relative high correlation with the
overall costs of medical care. The total length also includes the length of stay at CCU and it
is also correlated to other costs of medical care (drugs, ECG, laboratory services). So, in this
chapter priority will be given to the development of only one severity of illness
classification: a severity of illness classification explaining length of stay (SIC-LOS).
However, the same methodology can be applied if one wishes to explain acute care costs and
CCU costs in more detail.

Methodology of a SIC-system.
In order to classify patients into severity categories, the combination of indicators found to
be relevant in regression analysis need to be examined. Relevant severity indicators will be
used as severity criteria for a classification of AMI patients. For instance, it seems plausible
to slate that patients with antcroscptally located ischemia have a shorter length of stay than
patients who, next to this deficiency, also have prolonged ischemic pain after three days. If
on lop of these deficiencies, patients also have specific cardiac rhythm disorders, hospital
slay will be even longer. Thus, the combinations in which the severity criteria occur in
patients is crucial to the classification process. In order to develop the SIC-systcm, the
following rules have been applied:

1. The number of categories of patients used in the classification system must be limited.
At the same time all categories should have 'clinical' relevance or be 'clinically valid'
regarding their expected duration of stay. This means that the classification is of no
(clinical) value, if the cardiologists involved in this study do not individually endorse
the classification proposed or do not reach a consensus with regard to the classification.
So, the classification is developed in cooperation with an experienced cardiologist.

2. The measurement level of the criteria used in the classification is generally considered
us an ordinal scale.

3. Additive proceedings leading to unidimcnsional scales will be avoided, and more
general techniques of non-parametric scale construction will be used. Thus a
multidimensional analysis with crosstabulations will be proposed to find the empirical
combinations of severity criteria (score patterns).



4. The categories must he defined as mutually exclusive. If patients have patterns of
scores which provide difficulties for classification and at the same time have low or
unique frequencies, these patients will be placed in 'adjacent' categories as much as
possible. Cases defined as 'non-classifiable' should not exceed a maximum of 5 9h

5. Only severity indicators found to be significant in explaining length of slay in
regression analysis (see § 7.3.1.) will be used as criteria in the classification process.

6. Scores for relevant severity criteria will be recoded into a dichotomous (2 classes) or
trichotomous (3 classes) rank order using the values of the unstandardi/cd partial
regression coefficients (sec below). The reason for this reduction is that otherwise the
combination of various severity criteria may lead to numerous types of severity
categories containing only very small numbers of patients.

7. If patients have missing values for a severity criterion they will get the label (or score)
belonging to the category representing the lowest severity for that criterion. In doing
so all patients can be classified.

8. Only score patterns having a relevant number of patients will form a separate severity
category. The minimum number per category will be set at 1.5 % of the patient
population (this is an arbitrary choice).

9. Deceased patients will form two additional categories; score-patterns arc assumed to
be not relevant for these patients. This will be done because deceased patients differ
very much in length of stay and costs compared to non-dcccascd patients.

Severity criteria relevant for the SIC-LOS classification will be described and a redefinition
of scores for these criteria will be presented according to rule 6.

7. 77ie /ocafion o/myocar</ia/ «dic/m'a /wajwnerf èy £CG a;
Four combined severity categories describing the location of myocardial ischemia have been
distinguished (sec table 6.7). The partial regression coefficient for this indicator is +.70 (sec
table 7.19). Patients with no ST-changes or disappearing ST-changcs arc -if no other
deficiencies arc present- expected to stay 6.7 days, which constitutes the intercept value of
the regression function (observed: m=8.8; std.dcv.=2.9; n=23). Thus, the length of slay for
patients with non-anteroseptal ST-changes (observed: m=9.7; std.dev.=4.7; n=277) is
expected to increase with .70 day. The length of stay for patients with antcroscptal ST-
changes (observed: m=12.4;std.dcv.=7.7;n=148) is expected to rise with 1.4 days and for
patients with ischemia extending to the antcroscptal wall segment this will be 2.1 days
(observed: m=15.9; std.dev=4.7; n=7). According to rule 6, a new distinction will be made
between (0) patients having no ST-changes or having ST-changcs corresponding with the
non-antcroseptal wall segment and patients with ST-changcs corresponding with the
antcroseptal wall segment (1). This recoded criterion will be used in the pattern analysis for
the construction of a severity classification.

2.
Three classes in the severity of ischemic pain have been distinguished (sec table 6.24). Only
prolonged ischemic pain after three days in hospital turned out to produce a significant
increase in length of stay (B= +2.4. see table 7.19). Patients without ischemic pain
(observed: m=7.7; std.dev.= 10.0; n=54) or patients with ischemic pain in the first three days
of hospital admission (observed: m=10.0; std.dev.=4.9; n=306) are expected to have no
substantial increase in length of stay. So, the expected length of stay for patients with
prolonged ischemic pain after three days in hospital (observed: m=14.68; std.dcv.=6.8;
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n=91) will increase with 2.4 days. Therefore, a distinction will be made between (0) patients
without ischemic pain or with ischemic pain restricted to the first three days in hospital and
(1) patients with prolonged ischemic pain still present after three days in hospital. This
recoded criterion will be used in the pattern analysis for the construction of a severity
classification.

J. >
Ten types of cardiac rhythm disorders have been distinguished (see table 6.29). Only five
types of rhythm disorders turn out to produce a significant increase in length of stay (see
table 7.19):
I: acute sinustachycardia (observed: m=10.16; std.dcv.=4.9; n=105; B=+l.l);
2: recurrent sinustachycardia or non-sustained ventricular tachycardia (observed:

m=14.9; std.dcv.=8.9; n=26; B=+2.4);
3. recurrent atrial flultcr/-fibrillations (observed: m= 15.33; std.dcv.=8.2; n=31; B=+3.2);
4. acute ventricular flultcr/-fibrillations combined with atrial fluttcr/-fibrillations or

sinuslachycardia in follow-up phase (observed: m=13.(); std.dcv.=7.2; n=7; B=2.5);
5. acute sinustachycardia or atrial fluttcr/-fibrillations combined with ventricular flultcr/-

fibrillalions or sustained ventricular tachycardia in the follow-up phase (observed:
m=23.7; std.dcv.=4.2; n=9; B=+5.0).

After consulting our cariologists and given the values of the partial regression coefficients a
distinction is m;idc into three classes: (0) patients who have no cardiac rhythm disorder at all
or who have cardiac rhythm disorders with no significant effects on the length of slay
according to the results in chapter 7, (1) patients with acute sinustachycardia and (2) patients
»ta',> .hu'vf .'.•AC „'A'AMV iVA '̂.'av.' /•.ty'.'.b.m iV.k'A'ilkvj .TKV&VATCU? ovHwir. TAVJ ravutaJ cvivtóraiw wv.V
be used in the pattern analysis for the construction of a severity classification.

The Lcll Ventricular Ejection Fraction score was previously combined into four classes (sec
table 6.32.). The LVEF-scorc lying between 30 </f and 40 <tf has a significant effect on the
length of stay of patients (sec table 7.19; B=+I.4), a LVEF-scorc higher than 4 0 % or lower
than 30 '# will not lead to a substantial increase in length of stay (see table 7.19). Only
patients with a LVEF-scorc between 30 '# and 40 * (observed: m= 13.77; std.dcv.=6.1;
n=8 1) show an additional increase in hospital longer. Therefore, a distinction will be made
between (0) patients with a LVEF-scorc higher than 40 **f or patients with LVEF-scorc lower
than 30 '#, and (1) patients with a LVEF-scorc between 30 % and 40 %. This recoded
criterion will be used in the pattern analysis for the construction of a severity classification

5. S/KV//ÏC com/»//cïi/ion.ï « H J />/»vi/ai/ J<//ciVnc/V.v.
Specific complications related to AMI and leading to a significant increase in length of stay
arc (sec table 7.19):
1. pre-collapse (observed: m=15.16; std.dcv.=8.2; n=32; B=+l.4);
2. mitral insufficiency (observed: m=13.7; std.dcv=9.2; n=56; B=+l.l);
3. pericarditis (observed: in= 15.7; std.dcv=8.5; n=42; B=+2.3);
4. CVA/T1A (observed: m=19.3; sld.dcv.= 15.8; n=8; B=+3.6).

One new complication criterion is constructed; a distinction will be made between patients
with none of these complications during stay (0). patients with pre-collapsc or mitral
insufficiency (the length of slay will approximately increase with 1 day); henceforth type ' 1 '
complications and patients with cither pericarditis, or CVA/T1A, or both prc-collapsc
combined with mitral insufficiency; henceforth type '2' complications. The expected length
of slay in the last instance will approximately increase with 2 or 3 days. This recoded
criterion will be used in the pattern analysis for the construction of a severity classification.
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6. SamvaWVcfav </urm£
Although the death of a patient during hospital stay can be seen as a consequence of severity
of illness, the analysis has shown that it is an important factor in explaining differences in
length of stay of AMI patients. Patients who die during their hospital stay have a different
length of stay from patients who do not. Furthermore, a distinction must be nude between
patients who die early during stay and patients who die from complications after a prolonged
spell of illness. A distinction will therefore be made between: ({)) surviving patients. (I)
patients who die within ten days (observed in period TO: m=l.7; std.dcv.=l,9; n=H>; B=-6.3,
in Tl : m=2.4; std.dcv=.8; n=l9; B=-5.9, in T2: m=6.1; std.dcv.=2.4; n=14; B=-4.4) and (2)
patients who die after ten days in hospital (observed: m=24.O; std.dcv.=6.0; n=7; B=+ll.4).
This recoded criterion will be used in the pattern analysis for the construction of a severity
classification.

Pattern analysis.
A pattern analysis even with the six recoded severity criteria described above still turns out
to lead to numerous severity categories. Theoretically 74 different patterns (including the
two 'deceased' categories) may occur (i.e.; in the order of the criteria mentioned:
2*2*3*2*3+2=74); 59 of these patterns are empirically observed in the population in
question. To reduce the number of severity patterns, a final pairing of criteria is proposed.

Firstly, the criteria location of ischemia and ischemic pain wil! be combined into one new
critcron; from a clinical point of view both severity criteria arc representatives of the
impaired flow in the coronary artery system.

Anteroseptally located ischemia and prolonged ischemic pain after three days will each lead
to an approximate increase in length of stay of nearly two days. Clinically speaking the
criteria can be regarded as closely related to each other, so our assumption will be that the
weights of the criteria are comparable. If patients have no anlcroscptal ischemia and have no
prolonged ischemic pain both severity criteria will be used to place a patient into the lowest
category. If patients have only anlcroscptal ischemia or only prolonged ischemic pain they
are placed into the middle category. If patients have both antcroscptal ischemia and
prolonged ischemic pain they are placed into the highest category.

Secondly, the relevant cardiac rhythm disorders and the LVEF-crilcrion will be combined
into one new criterion; both represent functional deficiencies as a consequence of
myocardial ischemia and/or necrosis, and may as such be regarded as closely related to each
other.

Acute sinustachycardia and a LVEF-scorc between 30 $ and 40 % will each lead to an
increase in length of stay of approximately one day. If patients have neither rhythm disorders
nor a LVEF-score between 30 ^ and 40 ^ , both severity criteria will be used to place a
patient in the lowest category. If patients have cither acute sinustachycardia or a LVEF-score
between 30 *£ and 40 <£, they will be placed into the next category. If patients have cither
severe rhythm disorders (see point 3, rhythm category '2') or acute sinustachycardia
combined with a LVEF-score between 30 % and 40 %, they will be placed in the next
highest category. The highest severity category consists of patients having severe rhythm
disorders combined with a LVEF-score between 30 % and 40 %.
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The remaining four severity criteria (Location Ischcmia/Ischemic pain. Rhythm
disordcrs/LVEF. Complications and Survival/Death) can theoretically be combined into 38
different patterns (including two 'deceased' categories i.e. in the order of the criteria
mentioned: 3*4*3+2=38). Empirically 37 patterns can actually be found in our patient
population. The observed patterns will be used to construct a severity classification by
applying the nine methodological rules described earlier.

Eventually, 17 severity categories arc distinguished (sec for the results table 8.2., and for an
exhaustive description of each severity pattern sec appendix 49). The categories in this
classification will described below.

Severity category ' I ' includes patients who survive, who have no anteroseptally located
ischemia, no prolonged ischemic pain, no relevant cardiac rhythm disorders, no relevant
LVF.F-scorc and no relevant complications (n=108).

All other severity categories include AMI patients with deviations from this lowest severity
category. The severity categories will be described below by giving the deviations from this
lowest severity category. Category '2' to '15' include patients who survive, category '16'
and '17' include the patients who die during stay.

Severity category '2' includes patients:
(a) with cither antcroscplally located myocardial ischemia (n=41), or
(b) with prolonged ischemic pain (n=17).
In total 58 patients have been grouped in this category.

Severity category '3 ' includes patients with a single complication of type ' 1 ' (n=12).

Severity category '4 ' includes patients:
(a) with cither acute sinustachycardia (n=42), or
(b) with a LVliF-scorc between 30 % and 40 9? (n=14).
In addition, a rest category of 7 patients has been included who have type ' 1 ' complications
on top of the above deficiencies.
In total 63 patients arc grouped in this category.

Severity category '5 ' includes patients with anteroseptally located myocardial ischemia
combined with prolonged ischemic pain (n=13).

Severity category '6 ' includes patients:
(a) with acute sinustachycardia combined with a LVEF-scorc between 30 % and 40 %

(n=5). or
(b) with severe rhythm disorders (n=8), or
(c) with severe rhythm disorders combined with a LVEF-scorc between 30 % and 40 %

(n=2).
In total 15 patients arc grouped in this category.

Severity category '7' includes patients with solely a complication of type '2' (n=12).

Severity category '8' includes patients:
(a) with antcroseptally located myocardial ischemia combined with acute sinustachycardia

(n=l()).or
(b) with anteroseptally located myocardial ischemia combined with a LVEF-score between

30<* and4O*(n=l3), or
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(c) with prolonged ischemic pain combined with acute sinustachycardia (n=6), or
(d) with prolonged ischemic pain combined with a LVEF-score between 30 % and 40 %

(n=5).
In addition, a rest category of 4 patients has been included who have a type '1' complication
on top of the above combinations of criteria.
In total 38 patients arc grouped in this category.

Severity category '9 ' includes patients with antcroscptally located myocardial ischemia
combined with prolonged ischemic pain, combined with cither acute sinustachycardia (n=6),
or a LVEF-score between 30 * and 40 9f (n=2). In addition, 1 patient has been included
who has a type ' 1' complication on top of the above deficiencies. In total 9 patients arc
grouped in this category.

Severity category '10' includes:
(a) patients with antcroscptally located myocardial ischemia combined with cither: (1)

acute sinuslachycardia combined with a LVEF-score between 30 % and 40 % (n=5),
or: (2) severe cardiac rhythm disorders (n=5) or: (3) severe cardiac rhythm disorders
combined with a LVEF-scorc between 30 '* and 40 9f (n=l); or

(b) patients with prolonged ischemic pain combined with cither: (1) acute
sinustachycardia combined with a LVEF-scorc between 30 % and 40 '# (n=0) or : (2)
severe cardiac rhythm disorders (n=3), or: (3) severe cardiac rhythm disorders
combined with a LVEF-scorc between 30 9f and 40 % (n=l).

In total 15 patients are grouped in this category.

Severity category '11' includes:
(a) patients with acute sinustachycardia, a LVEF-scorc between 30 % and 40 %, and a

type ' 1 ' complication (n=2); or
(b) patients with a type ' 1 ' complication combined with cither: (1) severe cardiac rhythm

disorders (n=8), or: (2) severe cardiac rhythm disorders combined with a LVEF-scorc
between 30 <7r and 40 9( (n=0).

In total 10 patients are grouped in this category.

Severity group '12' includes patients:
(a) with a type '2 ' complication combined with acute sinustachycardia and/or a LVEF-

score between 30 % and 40 % (n=4); or
(b) with a type '2 ' complication combined with severe cardiac rhythm disorders (n=2); or
(c) with a type '2 ' complication and severe cardiac rhythm disorders combined with a

LVEF-score between 30 7f and 40 % (n=2).
In total 8 patients are grouped in this category.

Severity category '13' includes:
(a) patients with anteroscptally located myocardial ischemia and a type ' 1 ' complication

combined with: either acute sinustachycardia and a LVEF-scorc between 30 % and 40
% (n=2) or: with severe cardiac rhythm disorders (n=3), or: (3) with severe cardiac
rhythm disorders combined with a LVEF-score between 30 ^ and 40 % (n=0); or

(b) patients with prolonged ischemic pain and with a type ' 1 ' complication combined with
either: acute sinustachycardia and a LVEF-score between 30 % and 40 % (n=0), or:
with severe cardiac rhythm disorders (n=2), or: severe cardiac rhythm disorders and a
LVEF-score between 30 <7r and 40 % (n=2j.

In total 9 patients are grouped in this category.
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Severity category '14' includes:
(a) patients with antcroseptally located myocardial ischemia and prolonged ischemic pain

combined with a type ' 1 ' complication, and with: either acute sinustachycardia
combined with a LVEF-score between 30 % and 40 % (n=0), or: with severe cardiac
rhythm disorders (n=l), or: severe cardiac rhythm disorders combined with a LVEF-
scorc between 30 % and 40 % (n=l); or

(b) patients with antcroseptally located myocardial ischemia and prolonged ischemic pain
combined with a type '2 ' complication and with: either acute sinustachycardia
combined with a LVEF-scorc between 30 % and 40 % (n=0), or: with severe cardiac
rhythm disorders (n=4), or: severe cardiac rhythm disorders combined a LVEF-score
between 30 % and 40 % (n=l).

In total 7 patients arc grouped in this category.

Severity category '15' includes:
(a) patients with antcroseptally located myocardial ischemia combined with a type '2'

complication and with: cither acute myocardial sinustachycardia and/or a LVEF-score
between 30 % and 40 % (n=3), or: severe cardiac rhythm disorders (n=3), or: severe
cardiac rhythm disorders combined with a LVEF-score between 30 % and 40 % (n=0);
or

(b) patients with prolonged ischemic pain combined with a type '2' complication with:
cither acute sinustachycardia and/or a LVEF-score between 30 % and 40 % (n=l), or:
with severe cardiac rhythm disorders (n=l), or: severe cardiac rhythm disorders
combined with a LVEF-scorc between 30 % and 40 % (n=3).

In total 11 patients arc grouped in this category .

Severity group '16' includes patients who die in hospital during the acute and post-acute
phase of their stay, i.e. periods TO to T2 (n=43).

Severity group '17' includes patients who die in hospital during period T3 (n=7).

In total 438 patients have been now classified in one of these 17 nominal severity categories.
Higher category numbers do not stand for an linear increase in severity of illness, but in
general the measurement level of S1C-LOS will lie between the nominal and ordinal scale. A
remaining group of 19 patients (4.2. %) can not be classified because of their atypical
patterns in severity; together they form a rest category (category '18').

The age distribution in the severity categories (appendix 50) varies considerable. Patients in
SIC-LOS ' I ' arc in average 60.1. years compared to an average age of 80.6 years in
category '17'.Also the distribution of female and male patients in some severity categories
lends to vary considerably. For instance 27.6 * of the men arc grouped into the lowest SIC-
LOS category ' 1 ' compared to only 17.5 % of the women. In some severity categories large
differences in age exist between male and female patients. For instance in categories 2,4,8,9,
and 11 (appendix 50) the average age of women is about six years higher than that of men.
Women with AMI appear to be relatively more severe but this must also be seen in relation
with the fact that they arc relatively older compared to the men with AMI.
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Table 8.2 Severity of Illness Classincation of AMI patients concerning Length «if Stay (SIC-
LOS), n=457.
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/O
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8.3. Comparison of the predictive validity of the
Severity of Illness-classification and that of
Diagnosis Related Groups-classification.

The mean standard deviation and number of patients for length of stay specified lo the
Seventy of Illness Classification and the DRG classification arc presented in tables 8.3 and
8.4. The severity categories turn out to be rather homogenous within each group regarding
the length of stay. i.e. the values of the standard deviations in length of stay within each
severity category appear to be rather narrow. Patients belonging to categories 1 and 2
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(n=166) will have the lowest length of stay of: about 8 days. Patients belonging to categories
3, 4, 6 and 7 (n=102) will have a mean length of stay of about 10 days. A smaller group of
patients belonging to the severity categories 8 and 12 (n=46) will have a mean length of stay
of about 12 days and patients belonging to severity categories 5. 9. 11 and 13 (n=4l) will
stay about 13 days. Patients belonging to severity category 10 (n=15) will have a very long
slay of about 16 days. Patients belonging to severity category 14 and 15 (n=18) will have an
extremely long stay of about 24 days. Patients who die soon after the infarction (severity
category 16) will have a very short length of stay of approximately 3 days in comparison to
patients who die after a protracted illness (severity category 17), whose stay tends to amount
to approximately 24 days.

Table 8 J Mean, standard deviations and number of patients regarding length of stay by the
Severity of Illness Classification (SIC).

5/C-L0S2

S/C-L0S4
5/C-LO55
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70.58
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24.00
J.44
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J.46
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4.55
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6.00

5./2
8.04

5.95

/Oft
.W
/2
6.?
/.?
/5
72
.?8

9
/5
/O
«
9
7

//
4.?

7

4J8
/9

457

According to the DRG-classification of the same patient population (table 8.4) the mean
length of stay of patients belonging to DRG 121, 'complicated AMI' (n=87) appears to be
approximately 15 days and that of patients belonging to DRG 122, 'non-complicated
infarction' (n=300) this amounts to approximately 10 days. Deceased patients belonging to
DRG 123 have a mean length of stay of approximately 6 days. The standard deviations in
length of stay within each DRG are rather high especially in DRG 121 and 123, this in
contrast to the standard deviations in the Severity of Illness Classification.
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Table 8.4 Mean standard deviations and number of patients regarding length of stay by the
Diagnosis Related Group classification (DRG).

Atea/i Sf<£ Do>.

/ 2 / comp/icY
722
/2J

4.7S
9.7S
6.J2

7.26
J.74
7.79

87

5/

7?>w/ 70. J7 5./2 4J8

£/«': /S. J % fun<7/i.f.wyi7j/>/V /></f/>nu (n=/9.) am/ ouf/i>rj (/i

Variance of length of stay explained by the Severity of Illness Classification amounts to 58.3
%, in comparison to 18.3 '# explained by the DRG classification. Next, a two-way analysis
of variance is performed to evaluate the discriminatory power of both classifications. Results
of this analysis arc presented in table 8.5.. Both the Severity of Illness Classification as well
as the DRG classification appear to offer significant explanations for length of slay. This
means that, given the severity of illness classification, the DRG classification offers an
additional prediction in length of stay. The two-way interaction effect of SIC-LOS * DRG
also appears to be significant. This means that the combination of both systems of
classification will add a significant part to the prediction of length of slay. A specific
ana/y.s'i.s wa.s dune f o pinpoint the w.iy fiuth systems comp/cment each other. L'sing dummy
regression analysis the main effect of DRG was differentiated into two 0-1 variables in
which the non-complicated AMI-catcgory is seen as the 'baseline'. The main effect of SIC-
LOS was differentiated into sixteen 0-1 variables in which the 'normal' category 1 is seen as
the 'baseline'. After the differentiation all possible (14) interaction effects are computed. All
32 dummy variables arc brought into the regression analysis using length of stay as a
dependent variable. It appears that only two interaction effects arc significant at the 5 %
level and that these concern the parameters belonging to category 13 and 14 in the SIC-LOS
classification coupled with the complicated AMI group in the DRG classification. So, it
seems that differences in the definition of 'complications' between the SIC-LOS
classification and the DRG classification will explain this effect. Patients arc categorized in
DRG 121 'complicated AMI' based on one (or more) specific complications; a list of 40
specific cardiovascular complications is used, some of which arc not specifically
investigated in this study (i.e. aneurysm heart wall, coronary vessel ancurysm. pulmonary
embolism, cardiac arrest, papillary muscle rupture and acute renal failure).
The total variance explained by SIC-LOS dnd the DRG classification amounts to 63.2 * .
The SIC-LOS classification, however, proves to explain much more of the variance than the
DRG classification. Variance explained uniquely by the SIC-LOS classification is 42.2 *
and variance explained uniquely by the DRG classification amounts only to 2.2 9K Thus, it
may be concluded that next to the SIC-LOS classification the DRG classification will give a
very small but significant additional extra prediction in length of stay.
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Table 8.5 Results of a two-way analysis of variance using length of stay as dependent variable
and the classifications of S1C-I.OS and DRG as predictors. I'm I ass ifi able patients in SIC-I.OS
(n=l9) and outliers (n=7) have been removed from analysis. Adjusted sums of squares method,
n=438.
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5/C-L05 * 7)/?G
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29/
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/>

<.0f)/
<.0f)/
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<.007

We do believe that other types of classifications of AMI patients must be constructed if one
wishes to analyze specific costs of medical care in a valid way. Nevertheless, we have
compared the value of the SIC-LOS classification and the DRG classification in predicting
both the overall costs of medical care and specific costs of medical care. Results from this
comparison are summarized in table 8.6.

Table 8.6. Comparison of the predictive value in specific costs and overall costs of medical care
in AMI patients classified according to SICLOS and DRG (outliers and unclassifiable patients
excluded), 437 $ n ^ 445.

5/CZ.05 D7JG
£/a' fw' AT

Cojtt o/f/irombo/yfic f/iraipy 8.5% 2.5%
rizaf/o/t and /TG4
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JJJ %
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/8.4%

50./%

2/.7%

(5.0%

/ / .5%

2.9%

75.7%

J.7%

4i7

44J

4J9
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£CO, COJW O/ ra</io/o;>'. co«5 o/ ec/ioc(ii'(/iV);rapAy, COWJ o/ r/ui//ium f«fJ,
(.suc/i as r»u5Cifa(ion fl/irf in/ra-aon/c ba/Zoo/i pu/np> a/u/ co«.v o/ p/iyjica/ //i^rapy.
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To obtain a comparison of the predictive validity of other patient classification systems (with
regard to hospital costs), results from the study performed by Thomas e.a. (1986,1991) may
be used. In this study different classification systems were applied to the same data set
derived from several hospitals. The validity of these systems to predict costs of patients
classified in the three DRG's 'Acute Myocardial Infarction' has been evaluated. Some
results from this study are summarized in table 8.7. According to Thomas e.a. the capability
of these classification systems to explain costs for AMI patients is relatively low, except for
Coded Disease Staging. However, some caution is necessary when these results are
compared to those found in this study. There appear to be important differences in the length
of stay of AMI patients between American and Dutch hospitals; in the U.S.A. the length of
slay is considerably lower. The SIC-LOS classification sofar is only capable to explain the
length of stay in one Dutch hospital. Furthermore, the poor performance of these systems
compared to SIC-LOS with regard to explaining overall costs of medical care may not be
caused by the inadequacies of the systems themselves but may lie in the incorrect
assumption that classifying patients according to the likelihood of death or the length of stay
will automatically explain accumulated costs of medical care during a hospital stay. From
literature we have not been able to find studies which compare the predictive power with
regard to the length of stay for these systems for the same data-set of AMI-patients.

Tuhle 8.7 Variance explained «if total costs or medical care within adjacent DRG's 121-123 by
different classification systems (adjusted for hospital differences).

/ 0 . 7 * 207
/ 0 . 7 * 200

8.2 % ƒ 42
4 7 . 7 * 207

/•A/C / 7 . 6 * 207

Oirr fïiwincwii? Mrfminrsfrafion (WC/v4)!««/ in co5f-ou//;>r po/ntt. Sou/tr

8.4. Applications of SIC-LOS.
It is important (hat the application of a patient classification system is in accordance with the
original purpose for which it is developed. The purpose of this study is to develop a method
for Severity of Illness with the aim to explain differences in length of stay and (specific)
costs of medical care. The possibilities in applicating such a system have not been
investigated yet and furthermore the system has to be validated by using other data sets.
Some thoughts about the application of the system will here be presented, but it is believed
that the real value of it can only be established after several feasibility studies have been
performed.

Our conclusion is that at least three different types of classification of AMI patients are
necessary if one aims to analyze cost differences in medical care during hospital stay in a
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reliable way. Only one is proposed in this thesis; the other two will still have to he
developed in the near future.

One global set of clinical indicators is found to be relevant for this threefold classification
(sec table 8.1). Normally these indicators arc not directly available to every caregiver or
researcher in a computerized way but these arc often collected by physicians on separate
registration forms (certainly in the hospital under observation). The lime necessary to collect
these data from the medical record and the cardiology registration form by trained
physicians is estimated to be 15-20 minutes. However, data acquisition would certainly be
facilitated, if the cardiology registration form would be available as computerized data. A
computer program will have to be developed to classify patients automatically in the
severity categories.

A severity of illness classification for AMI patients developed to explain costs of medical
care can not be used to explain the likelihood of death. However, a part of the methodology
used to define and opcrationalizc severity indicators may be useful for this purpose. This
would result in a research design that lays more emphasis on the clinical risk factors before
hospital stay, but this would lead to a completely different study.

A patient classification system which classifies patients retrospectively is considered (o be
appropriate when applied within long term management of care; it is considered to be
inappropriate for daily medical practice and for the treatment of individual case types. A
severity of illness classification could serve as a supplement to well defined patient
categories in which patients are categorized according to their diagnoses (lor instance the
DRG-system). In that case a validated SIC-systcm may be used for:

* f/ie eva/ua/ion <?ƒ ;/ie care-mix and m€o7ca/ care.
Continuous evaluation of medical performance is supposed to be inherent to high quality of
medical care. Evaluation of individual case types is often discussed by a group of medical
professionals. A severity of illness classification may be helpful to evaluate medical
performance on a departmental level; questions and outcomes may be discussed such as
'what number and type of AMI patients have been treated during which period of lime?';
'are there changes in mortality rates or severity rates compared to former periods of time?';
'what arc the consequences of changes in the AMI medical protocol on the distribution in
categories of severity of illness and mean costs of care of these patients?'.

£>ƒ care.
Changes in number and type of patients will affect nursing departments and ancillary
departments. For instance, changes in severity of illness, in the sense that a substantially
higher number of severely ill patients are treated, will certainly have an effect on the nursing
bed requirement. A SIC may provide information that is important from a management point
of view. Results of the SIC may help to answer questions like 'arc there trends in the number
of severely ill patients who need highly intensified care or who need to stay in hospital for a
long period?'.

From our results it may be concluded that severity of illness of patients is an important
factor causing costs differences in medical care. When a hospital uses a classification system
such as DRG for clinical budgeting, deviations from the budget may be traced to changes in
the severity of illness of patients treated. Determination and evaluation of clinical budgets
may improve when specific information on the distribution of severity of illness is available.
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When patients arc categorized in their severity of illness groups it is possible to correct the
analysis of the utilization of hospital resources for this factor and find the real impact of
organisational variables on the resource use.

<?ƒ care
A severity of illness classification is often used in specific research programs to assess the
quality of care given to clinical patients. Iezzoni says (1991) that in such studies: 'a severity
standardization is necessary to control for the confounding influence of patient severity in
comparisons of outcome that might be related to severity. Quality assessment generally
focuses on the severity manifestations prior to medical intervention, assuming that once this
severity is considered, residual poor outcomes arc more likely to result from substandard
care. Severity adjustments thus theoretically minimizes the potential for misjudgments about
quality due to poor outcomes outside the control of the health care provider'.

It is believed that the major application of a SIC system will lie in specific scientific
research. For instance, it may be used to analyze differences in the severity of illness of
patients having a similar diagnosis between general and university hospitals. Another
application may be to analyze differences in costs of medical care between similar types of
hospitals for severity-adjusted patient groups

8.5. Conclusions.
Results from empirical analysis have been used to develop a Severity of Illness
Classification (SIC) aimed at explaining length of stay for AMI patients. The patient's
severity of illness is regarded as a multidimensional concept. Six criteria were found to be
important for explaining the patient's length of stay. To group AMI patients in clinically
valid categories which arc homogeneous with regard to length of stay, empirical
combinations of the six criteria have been used to construct a Severity of Illness
Classification. For the patient population at hand this has resulted in 17 categories
classifying 95 % of all AMI patients.

At this stage of research we arc only able to compare the predictive validity of the SIC-LOS
classification compared to the DRG system. Analysis of variance has shown that the
predictive validity of the SIC-LOS classification in terms of length of stay and costs is much
higher than that of the DRG classification for the same patients. The predictive validity of
the SIC-LOS in terms of costs of CCU and accumulated costs of acute care (thrombolytic
therapy, heart cathcicri/ation and PTCA) was relatively low but still higher than the DRG's
predictive validity. The latter is not surprising since our analysis showed that certain specific
severity indicators did provide better explanations for these types of costs. Some indicators
turned out to be typical for an increase of specific costs but did not have any effect on other
types of costs. For instance if patients have a high CPK enzyme release they will stay longer
at the CCU but this variable has generally no effect on length of stay. The severity of illness
on admission will have an effect on the acute care costs, while the severity during hospital
stay (the course of the illness) will influence the patient's length of stay and other costs
made during that stay.This might also be the reason that the predictive value of the overall
costs of care of AMI patients was rather low using the new classification. Similar results
were found in other studies using other severity systems to explain overall costs differences
in AMI patients. In order to reach a high predictive validity in explaining costs of medical
care, the severity of illness of AMI patients will have to be defined in more specific ways
dependent on the type of costs one intends to explain.
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9. Conclusions and discussion.

9.1. Conclusions.

* Research objective.
In the previous chapters an attempt has been made to explain cost differences in medical
care given to hospitalized patients with Acute Myocardial Infarction (AMI). The central
hypothesis investigated in this research is that the severity of illness is the crucial factor for
variations in costs of medical care in patients having a similar discharge diagnosis.
Secondly, the objective of this study is to develop a patient classification system for
hospitalized patients with Acute Myocardial Infarction which classifies these patients
according to their severity of illness in economically homogeneous categories.

* Methodology.
Relations between cardiac and cardiovascular deficiencies in AMI patients huvc been
hypothesized in a causal model. The severity of several of these deficiencies (coronury
stenosis, myocardial ischemia/necrosis, rhythm and conduction disorders, heart failure and
specific complications) has been measured by means of specific clinical indicators. Ivuch
indicator is opcrationalized by means of three severity dimensions (intensity, extent and
location) using severity weights derived from a panel of three cardiologists. The severity of
illness has been measured by time-specific indicators (measured during several lime periods
within the hospital stay) and by dynamic severity indicators (reflecting changes in severity
during stay).
Effects of the severity indicators on specific costs have been investigated. The analysis was
performed for acute care costs, costs of CCU, length of stay and other costs of care. To
guide the analysis of costs in medical care a general causal model has been developed which
includes the clinical severity indicators and which at the same time has taken into account
some non-clinical patient characteristics (like age, type of admission and type of discharge).

* Results.

Costt
Acute care costs have been analyzed separately as costs of thrombolytic therapy, costs of
(acute) heart catheterization and costs of (acute) PTCA. The severity of illness turns out to
have an effect on costs of thrombolytic therapy; ischemic pain on admission, ischemia over
more wall segments and antcroseptally located necrosis as indicated by admission ECG
results will increase the probability that costs will be induced due to thrombolytic therapy.
Other factors, such as contra-indications (high age, being in coma and the duration of
ischemic pain before admission) have a restrictive impact on costs of thrombolytic therapy.
It was found that the severity of illness has a relatively weak effect on the costs of acute
heart catheterization and the costs of acute PTCA. Medical treatment prior to the
cathctcrization, i.e. thrombolytic therapy, turns out to have a relatively high predictive value
for these costs. The severity of illness on the moment of admission can be seen as an indirect
cause for these costs; more severely ill patients tend to get thrombolytic therapy and as a
result of this they will get an acute heart catheterization. Furthermore, for patients with one
occluded coronary vessel the probability of getting an acute PTCA will increase. It was
concluded that the severity of illness measured on the moment of admission will explain
costs of acute care to some extent.
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Severity of illness has a relatively large effect on the length of stay and the costs made in the
Coronary Care Unit (CCU). More specifically, factors like anteroscptally located ischemia
measured by ECG, specific cardiac rhythm disorders, left ventricular heart failure and
pericarditis will substantially increase the length of stay and the CCU costs. A high enzyme
release, specific cardiac conduction disorders and anteroscptally located cardiac wall motion
abnormalities prove to be typical for an increase in the CCU costs. Furthermore, suffering
from prc-collapsc, having ischemic pain, having mitral insufficiency or CVA/TIA will lead
to a longer stay in hospital. It is concluded that the severity of illness certainly has a large
effect on the CCU costs and (he length of stay. However, severity indicators explaining
length of stay turned out to be different from severity indicators explaining CCU costs.

«ƒ mf </ic<i/ carp.
Other costs of medical care have been separately investigated as costs of laboratory services,
drugs, ECG, cchocardiography and exercise tests. Costs of laboratory services were partly
explained by the severity of illness. For the patient population in this survey it turned out
that enrollment in a clinical (rial will increase the costs of laboratory services substantially.
Costs of drugs and costs of ECG explained in a more indirect way by severity of illness.
These costs turned out to be strongly related to the length of stay; severely ill patients tend to
stay in hospital longer and as a result of this costs of drugs and costs of ECG's will be high.
Furthermore, when patients stay in CCU longer, chances of getting an cchocardiography will
increase. Apart from this, several specific severity indicators produce an additional increase
in these costs. Costs of exercise tests arc hardly influenced by severity of illness; these tests
arc normally planned for every patient just before hospital discharge. Some severity
indicators turned out to influence the costs of exercise tests in a negative way. These tests
are normally not performed if the patient suffers from specific severity conditions (contra-
indications).

Patient's background characteristics turned out to have almost no predictive value for costs
of medical care, if one controls for his or her severity of illness. The only exceptions were
the patient's age and sex; older patients usually tend to get no exercise test and female
patients appear (quite uncxplicably) to have lower chances of getting an acute heart
calhclcri/.ation.

Next to the severity of illness, a conditional factor influencing costs of medical care
considerably was the death of patients during stay. Patients who die early on during hospital
stay will of course have very low costs in contrast to surviving patients. Surviving patients
will have lower cost compared to patients who die in hospital after protactcd illness. The
severity indicators defined in this study arc not able to explain the occurrence of death
during hospital stay.

* Classifying AMI patients according to their severity of illness.
Within costs analysis in AMI patients a major distinction had to be made between their
severity of illness on admission and their severity of illness during hospital stay. In addition,
the various types of costs of medical care can only be explained by severity indicators that
characteristically belong to these cost types. For AMI patients many types of classifications
according to severity of illness can be constructed depending on the types of costs that need
to lie explained.



For the time being a single severity of illness classification (SIC-LOS) for AMI patients is
proposed based on empirically determined severity criteria, which turned out to have a
significant effect on the patient's length of stay. Severity of illness in this context is seen as a
multidimensional concept; the degree and the combination in which medical deficiencies arc
found in AMI patients is important to classify them into a number of severity categories. In
the SIC-LOS classification. 17 severity categories have been distinguished. Data analysis
has shown that the SIC-LOS classification offers a better explanation for length of stay,
costs of drugs, costs of laboratory services and costs of ECG (Eta' is resp. 58.3 * , 49.2 %,
18.4 % and 50.1 %) than the DRG-classification (Eta' is rcsp. 18.3 * . 10.4 %. 2.9 * and
15.1 %). The predictive validity of SIC-LOS in terms of explaining CCU costs and
accumulated costs of acute care (thrombolytic therapy, acute heart cathctcri/iilion and acute
PTCA) was much lower, but still higher than that of the DRG-systcm. The decrease in
explained variance by the SIC-LOS classification is not surprising since our data analysis
showed that other severity indicators were giving better explanations for these types of
costs.

It can be concluded that in order to reach a high predictive validity in explaining medical
care costs, the severity of illness in AMI patients has to be defined in various ways
depending on the type of costs one wants to explain. This can also be seen as the reason why
one overall severity of illness classification with a high predictive validity for the total
hospital costs of medical care is a goal which is difficult or even impossible to reach.
This study has shown that the severity of illness of patients is certainly a factor to be
considered in costs-analysis of their medical care. However, the patient's severity of illness
is nol an absolute, universal and unidimcnsional concept as is often assumed. The severity of
illness is found to be a very complex, dynamic and multidimensional concept which can be
defined in various ways. In cost-analysis a differentiation of specific types of care will be
necessary to understand the complex interplay between severity characteristics and costs.
However, we do believe that the approach used in the development of severity indicators,
the analysis of costs of care and the classification of patients into severity categories may
serve as a general methodology to explain specific types of cost in medical care in other
patient groups as well.

9.2. Discussion.
In order evaluate the methodology and results in this study some general criteria for patient
classification systems as discribed in § 2.1. and some other issues will now be discussed.

The medical meaningfulness/contcnt validity refers to the definition of the severity weights
used for the indices and the eventual recoding and classification of AMI patients. The
severity weights were established after individually consulting three cardiologists. The
proposed weights must be seen as an attempt to create a relative severity scale and cannot be
regarded as a 'golden standard'. Standardization in severity measures is and always will be a
goal difficult to attain.
The SIC-LOS classification does have a high degree of clinical credibility because it is
based on clinical indicators which are normally used by cardiologists to diagnose and treat
the patient. It is believed that the severity categories are still recognizable for cardiologists
because they are based on empirically observed patterns of severity-scores within the
population under survey. However, further research using other data sets combined with
ongoing critical evaluation from physicians is necessary to ascertain the medical content
validity of our severity scales and the severity classification.
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The predictive validity in this study refers to the degree to which the severity indicators used
in this study are able to explain costs differences. The variance explained is found to vary
depending on the type of costs. The explanation of costs of acute care by means of the
severity indicators has the lowest predictive validity. Variance explained by the severity
indicators regarding costs of CCU and length of stay (which will by assumption indirectly
explain other costs of care such as drugs, ECG etc.) is relatively high.

This study was limited to patients belonging to the DRG's 'acute myocardial infarction'
admitted to one university hospital in the Netherlands during a specific time period of 16
months. The results may be influenced by local hospital practice. The results could have
been different in other hospitals anuVor during other periods of investigation. The reliability
of results can only be evaluated, if comparable studies show similar results. Another
problem is that the proposed Severity of Illness Classification for AMI patients has been
based on results from data analysis of the same data set. In order to test the reliability of our
Severity of Illness Classification, the same classification rules should be applied to a
different set of data. Therefore, this study must be seen as a first investigation to obtain
insight into the factors that influence costs and to classify patients according to their severity
of illness.
The reliability of our results may also be influenced by the quality of the data used. The data
quality depends for a great part on the scoring technique of data. In this study, physicians
who were especially instructed for this purpose have performed the scoring of our data
retrospectively (after the patient's discharge) using the patients' medical records as main
source. Thus, the data collection was based on sources normally meant for clinical use.
Furthermore, some severity indicators found to be important for cost explanation may have
been influenced by retrospective interpretation of medical data. For instance the scoring of
ECG-data was found be inconsistent in some cases. A more appropriate design would
include a prospective way of data collection with especially instructed physicians, but this
may be very difficult to achieve for acute illnesses like myocardial infarction. Another bias
in the data may have resulted from the interpretation of test results by the cardiologists. At
this stage of the research it was not possible to judge the impact of errors in the scoring of
data on the results of the data analysis and the eventual classification. Lastly, the severity
indices used in this study have been based on results of diagnostic tests commonly available
at the time of investigation. New diagnostic technologies in the field of cardiology may give
additional and more reliable data for severity criteria. New treatment technologies may also
affect the relation between severity of illness and the costs of medical care. In further studies
is it necessary to take such specific changes in diagnostic and treatment practice into
account.

* i4</minj.vrrariv<> / y
From a strict point of view a patient classification can only be used for the purpose for
which it was originally developed. The proposed SIC-LOS may therefore only be used to
evaluate and compare the length of stay (and costs strictly related to length of stay such as
costs of ECG, drugs and laboratory services) in AMI patients classified according to the
DRG-systcm. To evaluate and compare acute care costs and CCU costs another patient
classification must be used, which may or may nog have a relation with the first
classification. So, for general policy and administrative purposes within hospitals the added
value of a severity of illness system has to be evaluated in terms of the extra effort or costs
necessary to construct and apply such a system. Although it is believed that a severity of
illness classification may be useful for internal hospital management, we expect that its
value is much higher in specific scientific studies, such as analyzing differences in severity
and costs between various hospital institutions for a well defined patient group.



* V<?riafi/iry and F/exifri/ify.
The requirement of versatility and flexibility refers to the capability of a classification
system of combine categories in various ways of form new classifications for other goals.
The S1C-LOS as presented in this study may only serve as a tool to analyze the length of
stay in AMI patients. Combination or aggregation of the 17 categories to test the feasibility
for other purposes has not been employed. However, it is found that for various costs-
analysis several classifications of AMI patients must be determined. In our opinion
versatility and flexibility must refer to the set of clinical indicators necessary for u multi-
purpose classification of patients. For cost analysis of medical care of AMI patients the
clinical indicators as described in table 8.1 may be suitable. Further studies may reveal
severity indicators that are important in explaining death/survival or the outcome in terms of
the improvement in the patient's condition.

Jf /Vacriaj//r.v.
Specific types of medical data arc necessary to determine the categories in the proposed
severity of illness classification. Normally these data arc not available in a computerized
form. The time necessary to collect these data from the medical record and the cardiology
registration form by trained physicians is estimated to be similar to other severity systems
based on clinical data (approximately 15-20 minutes). However, data collection would
certainly be facilitated, if a computerized cardiology registration form would be available.
Furthermore, a computer program has to be developed to classify patients automatically into
severity categories. At this stage of the research this has not been performed. It is believed
that the validity of the severity classification(s) should be assessed first by means of a multi-
centre survey.

Differences between the SIC-system and other disease-specific severity
systems.
In contrast to ordinal and unidimcnsional severity classifications like CSI, Apache II and
Mcdisgrps, the level of measurement of the Severity of Illness Classification (SIC) proposed
in this study is half nominal/half ordinal and it has a multidimensional character. We think
that the SIC classification will provide certain advantages. First of all, the classification will
give a clinical typology of patients according to their severity characteristics. Other severity
classifications are not intended as case type classifications. They classify patients into
severity categories ranging from level 1 to level 4 without referring to a clinical typology of
patients within each category. Secondly, the SIC-classification is based on empirically
observed combination of scores on severity indicators. Other severity systems have a
tendency to use linear weights to accomplish a unidimcnsional scale in the measurement of
severity of illness. In almost all cases a justification of these weights is not given. There arc
also differences in the methodology used to find relevant criteria for costs differences. The
SIC-LOS classification is based on criteria derived from a interactive combination of results
obtained from empirical cost analysis and professional judgement. Other systems arc
generally only based on consensus judgment of panels of clinicians and arc originally not
developed for economic purposes. At this stage of the research it is not possible to compare
the systems using criteria such as content validity of measurement and prcditivc validity.
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Costs of medical care.
Costs of medical care for AMI patients have been specified into specific types of costs, and
data analysis has been performed for each type separately. No data analysis has been done
involving the total costs of medical care seen as an aggregated dependent variable. In our
opinion overall cost analysis tends to conceal explanations for specific medical care costs.
Overall cost analysis will place greater weight on those subcosts that are relatively high. As
was found in this study, a specific type of costs can only be explained by a characteristic set
of predictors. One unique set of predictors explaining total costs of medical care could not
be established. Also, sets of predictors could not be interchanged in the explanation of
specific types of costs. Such an exchange will eventually harm the predictive validity of the
classification itself, because it will uses criteria not confirmed in empirical data analysis.
Costs of medical care have been determined for each patient by multiplying the number of
services registered by the billing system with a scrvicc-relatcd-cosl-price. Normally these
data arc collected for reimbursement purposes. The investigated costs of medical care are
therefore limited to chargeable services as specified by the billing system. Costs include
only product-related material and personnel costs based on studies performed within the
hospital under survey. These cost components can only be used for short term applications.
For long term applications, capacity and overhead costs also need to be incorporated.
Strictly speaking, no generalizations can be made with regard to other hospitals in which
costs may be different for the same service.

Unexplained variance.
The indices of severity of illness can, of course, not explain the total variance of the
dependent variables. The unexplained variance may have been caused by specific
department characteristics or by variations in the (quality of) medical care given to patients
by individual physicians. Unexplained variance will presumably also be caused by specific
illness conditions not captured by our severity indicators and other characteristics of
individual patients.

Recommendations.
It is clear that differences in costs of medical care between clinical patients can only be
partially explained by the DRG-classification. Other factors, such as (changes in) severity of
illness do contribute importantly to the explanation of costs in medical care. The DRG-
systcm is found to be an adequate tool to describe and analyse a total hospital population.
However in some DRG's a further specification according to a severity of illness is
necessary in order to reach a high predictive validity. A severity of illness classification may
thus only be relevant for those patient categories which show large variations in length of
stay and costs of medical care. Generally speaking one can state that the DRG-classification
proves to be satisfactory in explaining costs of surgical patients, this in contrast to patient
categories of non-surgical patients. We think that some adjacent DRG's with non-surgical
patients must be complemented with a severity of illness classification based on clinical
indicators, for this will certainly increase both the medical meaningfullness as well as the
predictive validity. For instance, the DRG's involving non-surgical oncology patients or
patients having chronic illnesses like renal failure (DRG 316 and DRG 317), medical back
problems (DRG 234) and chronic obstructive pulmonary diseases (DRG 88) are examples of
patient categories which, in general, show large variations in costs of medical care. Taking
into consideration the complexity and the time-consuming activities necessary to measure
and apply a severity of illness classification, it is recommended that further research must be
concentrated on such specific heterogeneous patient categories within the DRG-system.
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The DRG-system is normally used as an instrument for prospective reimbursement of
hospitals; specific reimbursement rates have been established for each DRG separately. The
reimbursement rates do rely for a large part on the ability of the DRG-system to predict the
length of stay. Costs of medical care are supposed to be related to the length of stay.
However, for AMI patients the predictive validity in explaining overall costs as well as
specific costs of care by the DRG-classification is rather low. If the goal of prospective
reimbursement is to finance hospitals in a reliable and fair way. the application of a patient
classification system such as the DRG-system for this goal must be critically evaluated and
handled. In our opinion further research is certainly necessary in order to achieve a valid
patient classification system for this specific purpose. We believe that the DRG-system will
show its value for purposes of general hospital administration. The DRG-informalion will
enable hospital managers to get global information on the hospital patient population, their
resource use, costs and needs in medical care. But additional information about the patient's
severity of illness will be necessary to understand and control clinical and financial
processes in a more valid way.
Furthermore, we believe that in the context of costs analysis of clinical patients, costs of care
need to be specified into various types of costs in order to evaluate and compare patient
populations within and between hospital settings. Only then a thorough understanding of the
relation between illness characteristics and costs of medical care will be made possible.

Further research should concentrate on building, expanding and empirically testing disease-
specific models which define the complex interplay between a patient's severity of illness
and the medical care provided. Doing research from this perspective will give valuable
insight into the complicated medical care processes within hospitals.
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Summary.

An important premise underlying this study is the assumption that patient classification
systems are used for managing medical care in hospitals (chapter I).

There are two important prerequisites for setting up such patient classification systems.
Firstly, patients classified in the same category must from a recognizable group from the
medical perspective of the health care providers. At the same time patients must he
classified into the same category from an economic point of view if they make comparable
use of hospital resources. A number of patient classification systems developed in the
United States are described and compared with respect to. amongst others, the criteria of
medical and economic mcaningfulncss. One of the most well known systems is the
Diagnosis Related Groups (DRG) system which classifies patients on the basis of discharge
data such as diagnosis and surgical procedures plus the patient's age and discharge status. A
study of the literature has revealed that a number of DRG's leave much to be desired in
terms of economic homogeneity and moreover, that the clinical validity of these DRG's can
be improved (chapter 2).

This thesis intends to determine the factors that provide an explanation of differences in
costs of medical care for patients categorized according to the DRG system. The research
population has been restricted to patients who arc classified under the DRG's 'Acute
Myocardial Infarction' (AMI). The research population comprises a total of 464 non-
surgical AMI patients who were admitted to and discharged from the department of
Cardiology at the University Hospital Maastricht between January 1, 1987 and April 30,
1988.

It is hypothesized that the patient's severity of illness is the most important factor influencing
differences in costs. In addition, individual background characteristics, conlra-indications for
treatment, participation in a research protocol (clinical trials) and admission and discharge
criteria are also believed to be important in predicting differences in costs. Because of the
dynamic interaction that can be expected to exist between the patient's medical condition
and his/her treatment, the hospital stay has been divided into several periods (chapter 3).

For the research population, data were retrospectively collected from discharge abstracts,
ancillary service records and medical records (chapter 4).

The assessment of the costs of medical care given to a patient can be realized by linking a
cost-price per service to the empirically determined number of services. The procedure by
which the costs of ancillary departments (such as the clinical chemistry laboratory, the heart
function laboratory etc. are specified per service (such as blood tests, ECG's etc.) is
described in chapter 5. This chapter also deals with the way in which the severity of several
cardiac and cardiovascular deficiencies relevant to AMI patients is opcrationali/.cd. In
severity of illness three interrelated dimensions arc distinguished: the intensity, the extent,
and the location-related vulnerability of a deficiency.

In chapter 6 both, the empirically determined costs of medical care and the severity of
illness of the research population are described. The costs of medical care arc .specified as
diagnostic costs (heart catheterization, laboratory tests, ECG's, echocardiography and
exercise tests), treatment costs (thrombolytic therapy, PTCA and medication) and nursing
costs (CCU and length of stay). The severity of various cardiac and cardiovascular
deficiencies is measured by linking results from diagnostic tests (laboratory results,
catheterization results, ECG data, echocardiography and exercise tests), physical
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examination and medical history to severity weights for each deficiency a patient may have
during a specific period of hospitalization. The way these periodic severity scores are
combined, resulting in the measurement of a patient's medical deficiency over the entire
hospital stay, is also explained in chapter 6.

In the data analysis (chapter 7) a distinction is made between costs closely related to the
acute phase of hospitalization and costs related to the entire hospital stay.

During the acute phase of hospitalization, the decision to administer thrombolytic therapy is
made. Analysis has shown that the location of myocardial necrosis (anteroseptal or non-
antcroscptal). the extent of the myocardial ischemia and the presence of ischemic pain on
admission will influence the decision to administer thrombolytic therapy. Furthermore,
specific contraindications (ischemic pain for more than six hours, an age over 75 and being
in coma) arc also found to be important factors.
The costs of a(n) (acute) heart cathctcrization arc only partly explained by the severity of
illness on admission. In addition to the extent of myocardial ischemia, the administration of
thrombolytic therapy appears to be the most important factor influencing these costs:
severely ill patients arc more likely to need thrombolytic therapy and as a consequence of
this a cathclcrization is more likely to be performed.
During heart cathctcrization a PTCA (Dotter procedure) can be performed. For patients with
coronary stenosis in one coronary artery, the administration of thrombolytic therapy
decreases the likelihood of incurring costs for a PTCA. Conversely, the intensity of stenosis
and the location of myocardial necrosis increase the likelihood of getting a PTCA. These
effects, however, arc not found in patients with stenosis in two or three coronary artcnes.
Em/'/r /w.v/?/ra/ .vwy.
From the beginning of hospitalization, all AMI patients receive intensive nursing care in the
coronary care unit (CCU); following a CCU stay which may vary in length, patients arc
placed in a regular nursing ward. Differences in CCU stay (and thus costs) are largely
explained by the severity of several deficiencies. Factors such as anteroseptal ischemia in
the myocardium, extremely high enzyme release (CPK-rclcasc), abnormal wall motion in
the anteroseptal myocardium, specific rhythm and conduction disorders, heart failure and
pericarditis each significantly increase CCU costs.
Differences in the total length of stay of AMI patients arc explained by some of the same
severity indicators mentioned above: anteroseptal ischemia in the myocardium, specific
rhythm disorders, heart failure and pericarditis arc found to influence length of stay. In
addition to this, length of slay is substantially increased as a result of continuous ischemic
pain after three days, having a prc-collapsc during hospitalization and specific complications
such as mitral insufficiency and CVA/TIA.
Other costs of medical care arc largely related to length of stay. The severity of specific
cardiac and cardiovascular deficiencies hardly increases the costs for laboratory services,
ECG's and medication in a direct way.
The costs of exercise tests appear not to be influenced by severity of illness. These tests are
normally applied to all patients, with the exception of a few patients who have contra-
indications.
Next to severity of illness, background characteristics of patients (such as age and gender)
appear to have very little additional value for predicting costs. Older patients, for example,
score relatively high on several severity indicators, which accounts for their higher costs.
The death of a patient during the hospital stay, however, docs affect costs. In case of death, a
distinction must be made between patients who die acutely and patients who die after a
prolonged stay.
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The results of this study have been used to develop a severity of illness classification system
for patients with AMI. On the one hand, this system will guarantee medical validity and on
the other hand will group patients with a similar length of stay. On the basis of empirically
found severity indicators which influence the length of stay. 17 categories of patients have
been distinguished. This severity of illness classification (SIC) proves to offer a considerably
better explanation for differences in length of hospital stay in comparison to the DRG
classification of the same patients, even when corrections arc made for the number of
categories that arc used (chapter 8).

Finally, the most important conclusions of this study arc presented in more detail in chapter
9. These conclusions arc followed by a discussion of the results in the light of a number of
methodological issues that arc universally applicable to patient classification systems.

Insight into the complex relations between severity of illness and costs of medical care is an
essential prerequisite for the management of medical care within hospitals. Therefore
improved patient classification systems can be a vital management instrument.
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Samenvatting.

Uitgangspunt van dit onderzoek is het gebruik van paliëni-classificaticsystcmen (er
besturing en beheersing van medische zorgverlening in ziekenhuizen (hoofdstuk 1).

Een belangrijk vereiste bij de op/et van zulke paticnt-classificaiicsysicmcn is dal patiënten
vanuil medisch oogpunt herkenbaar blijven voor zorgverleners. Daarnaast dienen patiënten
uit eenzelfde categorie vanuit een economisch perspectief een vergelijkbaar middclcnbcslag
te hebben. Een aantal beslaande patiënt-classificatiesystemen, alle ontwikkeld in de
Verenigde Staten, wordt besproken en vergeleken aan de hand van deze beide criteria. Een
van de meest bekende systemen is het zogenaamde Diagnosis Related Groups (DRG)-
systcem dat klinische patiënten classificeert op basis van ontslaggcgcvcns zoals de
diagnoses, aard van operaties, leeftijd en wijze van ontslag. Uil een literatuurstudie blijkt dal
niet alleen de economische homogeniteit van een aantal DRG's te wensen overlaat, maar dal
eveneens de klinische herkenbaarheid of validiteit van deze DRG's verbeterd kun worden
(hoofdstuk 2).

In dit proefschrift wordt nagegaan welke factoren een verklaring geven voor de verschillen
in de kosten van de klinische zorgverlening lussen de patiënten, ingedeeld volgens de DRG-
systcmatick. De onderzoekspopulatie is beperkt tol patiënten die zijn ingedeeld in de DRG's
'Acuut Myocard Infarct" (AMI). Het betreft in totaal 464 nicl-opcralicvc AMI-patiëntcn, die
opgenomen en ontslagen zijn bij de afdeling Cardiologie van het Academisch Ziekenhuis
Maastricht tussen 1 januari 1987 en 30 april 1988.
De belangrijkste factor voor kostenverschillen lussen patiënten is volgens menigeen hel
verschil in de ernst van hun aandoening. Daarnaast wordt verondersteld dat individuele
achtergrondkenmerken van de patiënt, contra-indicaties voor behandeling, deelname aan
bepaalde wetenschappelijk onderzoeken (medische 'trials') en opname- en ontslag-
kenmerken van belang kunnen zijn voor verschillen in kosten. Vanwege de te verwachten
dynamische interactie tussen de klinische toestand van de patiënt en zijn/haar behandeling is
het ziekenhuisverblijf van deze patiënten opgedeeld in diverse perioden (hoofdstuk 3).

Voor de onderzoekspopulatie zijn retrospectief ontslaggcgcvcns, vcrrichtingcngcgcvcns en
gegevens uit het medisch dossier verzameld (hoofdstuk 4).

Door een kostprijs per verrichting te combineren met het empirisch gevonden aantal
verrichtingen is het mogelijk de totale kosten voor de medische zorg aan een patiënt in beeld
te brengen. De procedure volgens welke de kosten van de ondersteunende afdelingen (zoals
laboratoria, hartfunctie afdeling, etc.) zijn verbijzonderd naar de diverse verrichtingen (zoals
bloedonderzoek, ECG, etc.) wordt in hoofdstuk 5 uiteengezet. In ditzelfde hoofdstuk wordt
ook ingegaan op welke wijze de ernst van de diverse hart- en vaataandocningen, die relevant
zijn voor AMI patiënten, wordt geoperationaliseerd. De ernst van elke aandoening wordt
onderscheiden naar drie dimensies: de intensiteit, de uitgebreidheid en de locatie-gebonden
kwetsbaarheid van de aandoening.

In hoofdstuk 6, passeren de empirische kosten voor de medische zorgverlening en de ernst
van de aandoening van de onderzoekspopulatie de revue. De kosten van de medische
zorgverlening zijn gespecificeerd naar kosten voor diagnostiek (hartcalhcterisatic,
laboratoriumtesten. ECG, echocardiografie en inspanningsonderzock), kosten voor
behandeling (thrombolytica, PTCA en medicatie) en kosten voor verpleging (CCU- en
verplecgduur). Daarnaast wordt de ernst van de diverse hart- en vaataandocningen gemeten
door resultaten van de diagnostiek (laboratoriumtesten, cathctcrisaticvcrslagcn, ECG-data,



cchocardiografic en inspanningsonderzuck), lichamelijk onderzoek en anamnesc te relateren
aan crnst-gcwichtcn. De emst-scores zijn gemeten gedurende diverse opname-perioden en
vervolgens samengevoegd tot de ernst van de aandoening over de gehele opname.

In de data-analysc (hoofdstuk 7) is een onderscheid gemaakt tussen kosten die samenhangen
met de acute periode van de opname en kosten die betrekking hebben op het totale
zickcnhuisverblijf
/U'u/*' /v r/mfe.
In de acute periode van een opname wordt besloten of een patiënt in aanmerking komt voor
het krijgen van een thrombolylicum (stolscl-oplosscnd middel). Uit de data-analyse blijkt
dat de locatie van necrose in het myocard (antcroscptaal of niet), de mate van uitgebreidheid
van ischemie in het myocard en de aanwezigheid van ischcmischc hartpijn bij opname een
grote invloed hebben op het toedienen van thrombolytica. Daarnaast blijkt dat specifieke
contra-indicaties eveneens van belang zijn (langer dan zes uur ischcmischc pijn, het ouder
zijn dan 75 jaar en het feit of patiënten in coma zijn).
De kosten van een (acute) hartcalhclcrisatic worden deels verklaard door de uitgebreidheid
van de ischemie in het myocard. Het toedienen van thrombolytica blijkt de belangrijkste
factor te zijn voor deze kostenverschillen: ernstig zieke patiënten hebben een hogere kans op
thrombolytica en als gevolg hiervan zal bij hen eerder een cathctcrisatic plaatsvinden.
Tijdens zo'n hartcalhctcrisatic kan een PTCA ('Dotter' procedure) worden toegepast. Bij
patiënten met een kransslagadcrvcrnauwing in één coronaire arterie verkleint het toedienen
van thrombolytica de kans op kosten voor een PTCA. De mate van stcnose en de locatie van
necrose in het myocard daarentegen verhogen de kans op kosten voor een PTCA. Bij
patiënten met een vernauwing m twee of drie coronaire artericn kunnen deze efïecien echter
niet worden aangetoond.

Vanaf het begin van het zickcnhuisvcrblijf vindt voor alle AMI patiënten een intensieve
verpleging plaats in de Coronary Care Unit (CCU); na kortere of langere tijd worden de
patiënten daarna verpleegd op de 'normale' vcrplccgafdcling. Verschillen in CCU-duur (en
dus kosten) worden grotendeels verklaard door de ernst van diverse aandoeningen. Factoren
zoals anteroscptalc ischemie in het myt>card, extreem hoge enzym-waarden ('CPK-release'),
abnormale wandbewcging in het anteroscptalc myocard, specifieke ritme- en geleidings-
stoornissen, pompfuncticstoornissen en pericarditis blijken elk een significant verhogend
effect te hebben op de CCU-kostcn.
De verschillen in totale vcrplccgduur bij AMI patiënten worden deels door dezelfde ernst-
indicatoren verklaard: anteroscptalc ischemie in het myocard, specifieke ritme-stoornissen,
pompfuncticstoornissen en pericarditis blijken eveneens van invloed te zijn op de
opnameduur. Daarnaast blijkt dat aanhoudende ischemische hartpijn na drie opnamedagen,
het hebben van een (prc)collaps gedurende de opname en specifieke complicaties zoals
miiraalinsufficicntic en CVA/TIA de vcrplccgduur substantieel verlengen.
De overige kosten voor medische zorgverlening blijken grotendeels geassocieerd met de
vcrplccgduur. De ernst van bepaalde hart- en vaataandocningen heeft nauwelijks een direct
verhogend effect op kosten voor laboratorium-onderzoek, ECG en medicatie.
De kosten voor inspanningsonderzock blijken eveneens nauwelijks beïnvloed te worden
door de ernst van de aandoening. Met uitzondering van enkele patiënten (met contra-
indicaties) blijkt dit onderzoek standaard bij elke patiënt plaats te vinden.
Naast de ernst van de aandoening, blijken achtergrondgegevens van de patiënt (zoals leeftijd
en geslacht) nauwelijks of geen voorspellende waarde te hebben voor kosten. Oudere
patiënten bijvoorbeeld scoren relatief gezien hoger op diverse cmst-indicatoren en vandaar
dat de leeftijd van de patiënt geen extra verklaring voor verschillen in kosten voor
zorgverlening verschaft.
Van wezenlijk belang voor de kosten is echter wel het overlijden van een patiënt in het
ziekenhuis waarbij cen onderscheid gemaakt moet worden tussen patiënten die acuut bij
opname overlijden en patiënten die overlijden na een ruim verblijf in het ziekenhuis.
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De onderzocksresullaten zijn gebruikt om cen emst-classificaticsystccm voor AMI patiënten
te ontwikkelen dat enerzijds de klinische herkenbaarheid zoveel mogelijk waarborgt en
anderzijds zo goed mogelijk de paticntcn classificeert die cen gelijke vcrplccgduur hebben
(hoofdstuk 8). Gebaseerd op de empirisch gevonden ernst-indicatoren die van invloed zijn
op de vcrplccgduur, worden 17 categorieën van patiënten onderscheiden. Deze ernst-
indcling (SIC) blijkt cen aanzienlijk betere verklaring te geven voor verschillen in
vcrplccgduur vergeleken met de DRG-indcling voor dezelfde patiënten, ook als gecorrigeerd
wordt voor het aantal categorieën dat gehanteerd wordt.

Tenslotte worden in hoofdstuk 9 de belangrijkste conclusies uit het onderzoek gedetailleerd
weergegeven. Tevens worden de resultaten van dit onderzoek ter discussie gesteld aan de
hand van enkele methodologische criteria die algemeen gelden bij patiënt-classificutic
systemen.

Inzicht in de complexe relaties tussen de ernst van de ziekte en kosten wordt verondersteld
een belangrijke voorwaarde te zijn bij de besturing en beheersing van medische zorg-
verlening in ziekenhuizen. Intrinsiek verbeterde palicnt-classificaticsystcmcn kunnen hierbij
een belangrijk hulpmiddel zijn.
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Glossary.

TO Time period 0 (six hours after admission)
Tl Time period 1 (six hours-lhree days after admission)
T2 Time period 2 (three-ten days after admission)
T3 Time period 3 (ten days after admission-discharge)
AMI Acute Myocardial Infarction
SIC Severity of Illness Classification
DRG Diagnosis Related Group
MDC Major Diagnostic Category
APACHE Acute Physiology and Chronic Health Evaluation
MEDISGRPS Medical Illness Grouping System
PMC Patient Management Category
CSI Computerized Severity of Illness
LMR Landelijke Medische Registatic
PTCA Percutaneous Transluminal Coronary Angioplasty
EC'G Electrocardiogram
ECHO Echocardiography
CCU Coronary Care Unit
ICU Intensive Care Unit
CTIIROM Costs of Thrombolytic therapy
CC ATH Costs of Heart Cathctcri/ation
CPTCA Costs of PTCA
LOS Length of Stay
CCCU Costs of CCU
CLAB Costs of Laboratory services
CECG Costs of ECG 's
CR ADIO Costs of Radiology
CHOLTER Costs of Holler ECG tests
CECHO Costs of Echocardiography
CBRUCE Costs of Bruce ECG tests
CTHAL Costs of Thallium tests
CEXER Costs of Exercise tests
CDRUGS Cost of Drugs
COTI1ER Costs of other interventions besides thrombolytic therapy, drugs

and PTCA
CPHYS Costs of Physical therapy
STENINT Coronary stenosis intensity (or degree)
STENEXT Coronary stenosis extent
STENLOC Coronary stenosis location
ISEXT Ischemia extent according to ECG at rest
1SLOC Ischemia location according to ECG at rest
BR1NT Ischemia intensity according to Bruce-ECG
BREXT Ischemia extent according to Brucc-ECG
BRLOC Ischemia location according to Brucc-ECG
BREXP Ischemia expansion; additional ischemia according to Bruce-ECG
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ISTHEXT Ischemia extent according to thallium test
1STHLOC Ischemia location according to thallium test
SGOT Scrum Glutamic Oxalacctic Transaminasc
CPK Crcatinc Phospho-Kinasc
LDH Serum Lactic Dehydrogcnase
SGPT Scrum Glutamic Pyruvatic Transaminasc
NETHEXT Necrosis extent according to thallium test
NETHLOC Necrosis location according to thallium lest
ISPAIN Ischcmic pain
CWMINT Intensity (or degree) of cardiac wall motion abnormalities
CWMEXT Extent of cardiac wall motion abnormalities
CWMLOC Location of cardiac wall motion abnormalities
LVEF Left Ventricular Ejection Fraction
LVEDD Left Ventricular End Diastolic Dimension
VCI Collapse Vena Cave Inferior
ISCRV Ischemia right ventricle
CWMRV Cardiac wall motion abnormalities in right ventricle
PALP Palpitations
DYSPN Dyspnea
PRECOL (Prc)-collapsc
SYCOL Syncope/collapse
HBLPRES High blood pressure
LBLPRES Low blood pressure
AP Angina pectoris
LEDEMA Lung edema
BEDEMA Body edema
HEPTO Hepatomegaly
PERIC Pericarditis
MITINS Mitral insufficiency
CSHOCK Cardiac shock
CVA/TIA Cerebral vascular accident/ transient ischcmic attack
FTHROM Former thrombolytic therapy
FCOR Former coronary insufficiency
FAMI Former acute myocardial infarction
FHYP Former hypertension
AF/F Atria! fluUer/-fibrillations
VF/F Ventricular fluUer/-fibrillations
RBBB Right bundle branch block
ADINT Admission internal
ADEXT Admission external
DEATH Deceased during hospital stay
HOME Discharge to home
TRANS Transferred during hospital stay
PRJMI PRO-urokinase In Myocardial Infarction (clinical trial)





Bibliography
Acrt van JH, Z/f/c^nAuij itoi/t'/i 1/1 ecomwwfruiVi /x*r.t/xvfiV/, Thesis NZ1, Utrecht, 1977.
Alcmi F, Ricc J and Hankins R. Predicting in-hospilal survival of myocardial infarction.
A comparative study of various severity measures, Afrrf/rtj/ Curr 1990;28:9:762-775.
Aranow DB. Severity of illness measurement: applications in quality assurance and
utilization review, A/«/ica/ Care 1988;45:2:339-366.
Avcrill RF, 'The design and development of the Diagnosis Related Groups (DRG'S),' in
Averill RF, Mullin RL and Elias ED, 77K* r*T«tt/ /CD-^-cm Di<ixm>.w.v /?»•/«/*•</ (mmp.v.
Health systems International, New Haven, Connecticut, documentation to the May 1983
software.
Ayanian JZ and Epstein AM, Differences in the use of procedures between women and
men hospitalized for coronary heart disease, 77M" A^H- £nj>/<W ./our™/ <>ƒ M / W
1991;325:4:221-225.
Backofcn J, Ashworth MA and Horn SD, The computerized severity index,
/«rum 1987:35-37.
Barbash GI. Aafran C, Ransil BJ. Pollack MA and Pastcrnack RC, Need for better
severity indexes of Acute Myocardial Infarction under Diagnosis-Related Groups,
^wMTican ./««rna/ o /CW/W^y 1987;59:1052-1056.
Becker ER and Steinwald B, Determinants of hospital case-mix complexity,
S«TVIC« foj«irt7» 1981; 16:4:439-456.
Berry RE, Product heterogeneity and hospital cost analysis, /n</u;ry 197();7: 67-75.
Berry RE, On grouping hospitals for economic analysis, /m/wry 1973; 10:5-12.
Bloomrosen MF and Kominski GF, /Votff <//>IK.S/row /JW/JUC'V fr<7miV<i/ < i ( / y
con/Vrp/ice on a/r?rnarfv? ca.ir-/m'.i c/a.ï.vi/ïcanort .vv.v/«'w.v. Prospective Payment
Assessment Commission. Washington D.C., 1987.
Bohrnstedt G.W. and Carter T.M. Robustness in regression analysis, in: Costncr H.L.
(editor): Soc/o/o#ica/ A/é7/ioo'o/o#y Z97/, San Francisco, 1971; 118-146.
Braunwald E, /\ /«".rfpooA: o/CürJ/ova.yfM/ar me<//c/rt^, W.B. Saundcrs Company,
Philadelpia, 1984.
Brcwster AC, Jacobs CM and Bradbury RC, Classifying severity of illness by using
clinical findings, Z/ea///i Care» fï/ia/ic7/i# /tev/evv 1984;107-108.
Brewster AC, Karlin BG, Hyde LA, Jacobs CM, Bradbury RC and Chac YM,
MEDISGRPS: A clinically based approach to classifying hospital patients at admission,
/my«/ry 1985;22:12:377-387.
Brouwers HMP, /Tojfpr//.yo/7£/erzoei op <tfe on^rj/eMn^/iJe q/ife//rt# £//ni.vc/ii/ar/nacie.
Master's thesis HEAO. Sittard, 1988.
Burns LR and Wholey DR, The effects of patient, hospital and physician characteristics
on length of stay and mortality, A/ed/ca/ Caw 1991 ;29:3:251 -271.
Calore KA and Iezzoni L, Disease staging and PMC's; Can they improve DRG's,
Aterf/ca/ Care 1987;25:8:725-735.
Charbonneau C, Ostrowski C, Phochncr ET, Lindsay P, Panniers TL, Houghton P and
Albright J, Validity and reliability issues in Alternative Patient Classification Systems,
Ated/ca/ Care 1988;26:8:8OO-81O.
Coclen RHM, A!'oi//?r//5on(/<'rzc;é'A: op /if/ vaa//aèora/or/M/n, Master's thesis HEAO,
Siltard, 1988.
Coffey R, No/i-5wrg/'ca/ D/?G'i: J/IOMW //ify èe re/ïneJ w/r/i </i.rea.re j/a^/«j?? Paper
presented at the Second Annual Meeting of the Association for Health Services Research,
Chicago, Illinois, 1985.
Coffey R and Goldfarb MG, DRG's and disease staging for reimbursing medicare
patients, working Paper no 1. Hospital Studies Program, National Center for Health
Services Research, Rockvillc, Maryland oct. 1984. In: /?ev/ew o/ f/ie //7era/«re on
D/a£no.s;'5 /te/a/eo" Growps by Worthman LG, Cretin S, RAND, 1986.
Conklin JE, Lieberman JV, Barnes CA and Louis DZ, Disease staging: implications for
hospital reimbursement and management, Z/ea/r/i Care F/na/iri/ig V?ev/eH' 1984:13-22.
Conklin JE, D/?G re/ï/iem^n;; /4 /<?aj;è/7/fy a55f55/n«nf «5/'n^ 5/agf o/ J(.vea.ve, a^e anJ
w/ire/a/eo" comoro/J/r_y, Proceedings of the 1985 Public Health Conference on Records
and Statistics DHHS Pub.no. 86-1214, 1985.



Conncll FA, Blide LA and Hankcn MA, Ambiguities in the selection of the principal
diagnosis: impact on data quality, hospital statistics and DRG's, ./oMraa/ o///i^ American
A/fJ/cü/ KerW i4s5oc/a//o/i 1984;55:2:18-23.
Corn F, Quality control of hospital discharge data, A/erf/ca/ Car* 1980:18:4:416-427.
Corn F, The sensitivity of prospective hospital reimbursement to errors in patient data.
//u/M/ry 198I;18:351-36O.
Cottcrill P, Bobula J and Conncrton R, A comparison of alternative DRG relative weights
for the Medicare prospective payment system. Working paper, febr. 1985 In: Kev/en- on
/i/^ra/Mrf on £>/a£/ioj(j /te/a/ej Grow/M by Worlhman LG, Cretin S, RAND, 1986.
Davis K, Anderson G and Steinberg E, Diagnosis Related Group prospective payment:
implications for health care and medical technology, //«J/Z/I Po/icy 1984;4:139-147.
Demlo LK and Campbell PM, Improving hospital discharge data: lessons from the
national hospital discharge survey, M«//Va/ Cart- 1981;19:1:1030-1040.
Dcsharnais S, Kobrinski E, Chcsncy J, Long M, Amcnt R and Fleming S, The early
effects of prospective payment system on inpaticnt utilization and the quality of care,
/m/M/ry 1987:24:7-16.
Dcsharnais SI, Chcsncy JD and Fleming ST, Should DRG-Assigmcnt be based on age,
M<'</»Va/ O w 1988:26:2:124-131.
Dorcmus HD and Michcn/i EM, Data Quality; An illustration of its potential impact
upon a Diagnosis-Related Groups case-mix index and reimbursement, Afed/ca/ car t
I983211OI(K)11O1I
Eagle KA, Mullcy AG, Skates SJ, Rcdcr VA, Nicholson BW, Sexton JD, Bamctt GO and
Thibaull GE, Length of stay in the Intensive Care Unit, 77ie /o«rn<j/ o/f/ie /4m^rica/i
«<•<//>«/ Av.wnViriwi 1990:264:8:992-997.
Factor M and Kirk ES, Pathonhysiology of myocardial ischemia, in: Hurst JW, 77i«r
//i'«rf. sixth edition, vol. I, 1986.
/•c.wy'Jjm M.A, SivhuvubrJ JC JMUJ Swan? J.4, Cacc\ruio.isf.w ,<.\f Jw.o .syKtocctf to .cir.asjj.'r jjjp
severity of illness, y«wr/trt/ «ƒ//><> /l/wtr/can M<*t//ca/ /tecor*/Mjjociaf/Vvi 1988;59:7:34-
38.
Fcklstcin MS and Schultinga J, Hospital costs in Massachusetts: a methodological study,
//«/H/n- 1977; 14:22-31.
Fetter RB. Thompson ID, Avcrill RF, Freeman JL and Shin Y, Case-mix definition by
diagnosis related groups, Af«'</ƒ<•«/ Carf supplement 1980:18:2:1-39.
Fetter RB and Freeman JL, Diagnosis Related Groups: product-line management within
hospitals, 77i<- /hW^my r>/A/r/HM '̂/mvir /?<-viV»v 1986;11:1:41 -54.
I'ox J, /?«'j?r«".v.viV»/i JiV/.i'/uwnC.v. Quantitative applications in the social sciences. Sage
university paper, number 07-079, Beverly Hills, 1991.
Flick AP, Martin GS and Shwarlz M, Case-mix and cost differences between teaching
and non teaching hospitals, A/fJ/Va/ Cure 1985;23:4:283-295.
luster V, Frye RL, Connolly DC, Dancclson MA, Elveback LR and Kurland LT,
Arieriographic patterns early in the onset of the coronary syndromes, Brm'j/i //«jrf
Voi/rmi/ 1975:37:1250-1255.
Garg ML, Louis DZ, Glicbc WA, Spirka CS, Skipper JK and Parckh RR, Evaluating
inpaticnt costs: the staging mechanism, AW/ca/ Car*> 1978:16:3:191-201.
Gcmcrt G, Kwaliteitsonderzoek LMR-gcgcvcns: aantal fouten verschilt sterk per
ziekenhuis, S/.i'wr 1986;l:l-3.
Gcmcrt G, Kwaliteitsonderzoek LMR-gcgcvcns: percentage vage hoofddiagnosen stijgt,
%/H'/ 1986:3:13-14.
Gcnsini GG, Coronary /4rf<Ti'ojfr<j/j/iv. Futura Publishing Compagny, Inc., New York,
1975.
Gcrtman PM and Lowcnstcin S, A research paradigm for severity of illness: issues for the
Diagnosis Related Group system, tf<'<;///i Care Fj/ianri/ijj /?m>w 1984:79-90.
Goldfarb MG and Coffey RM, Case-mix differences between teaching and non teaching
hospitals, /«</«(>>• 1987:24:68-84.
Gonclla JS and Zclcznik C, Proj/vcrive r«-i/TjfcMr.f<»m«'/ir «5/n^ r/i^ D/?G cas^-mu
(7«.v.vi/"iC(i/iV)/i w.vffm, A mct/ica/ />«T.V/JCC/IV«, paper presented at a symposium on
contemporary' issues in health care. 1983.
Gonclla JS. Hombrook MC and Louis DZ, Staging of disease. A case-mix measurement,
77if yoi<r«<;/ (i/'f/w AffwnVun A/fJ/ca/ ,45TOCian'on 1984:251:5:637-644.



Gonclla JS, editor, C/inica/ criVri'a/or dwa^r sfaif/nj». Version 6.0, Systcmctrics,
Mcgraw-Hill. Santa Barbara. California. 1985.
Goodisman LD, Hospital case mix and average charge per case: an initial study. W«-aWi
Sc rut* ï /?<>wari/i 1979:44-55.
Gorlin R, Fustcr V and Ambrose A, Anatomic-physiologic links between acute coronary
syndromes, Orru/a/ion 1986:74:1:6-9.
Gnmaldi PL and Michclctti JA. D/a^noji'j /ïr/af^t/ Grou/w. A />rac"fif»V>n«T 't £UfdV.
Second edition, Pluribuss Press, Chicago. 1983.
Groot LMJ, Patient-gcoricntecrdc zicKcnhuiscconomic; een poging tot synthese tussen
professie en management. In: /n rtef Jtotfrr van de ?e;ondn«*ia.fzor#. Lochum. De
Tijdstroom, 1978:183-198.
Gustafson DH. Fryback DG. Rose JH. Yick V, Prokop CT, Dctmcr, DE and Mwrc J. A
decision theoretic methodology for severity index development, MrdiYa/ / V '
AfaA/nff 1986;6:1:27-35.
Health Information Systems 3M-Hcalth care, /4// />afiWi/ ^TOM^XT a/>/>/iYaf<V>n;
ana/v.v/,ï i«/n# /CD-9-cm PC flwü/xr vo/nvan», Utah. 1991.
Health Systems international. Dia#n<>5ij /?c/af«'</ Groups. Dr/inin7>n manna/, third
revision. New Haven, Connecticut, 1986.
Health System International, CompM/frijed 5<"v^n>v i/iaVx; /CD-9-CA/ jrv^rify
nu><///ïca/ion. New Haven, Connecticut. 1987.
Health System Management Group. £>/?G re/inemenf wi/A diaxno.ffiY */»«•<• i/ïc
{•o/m>rfcid//i>J and* com/>/iVa//V>n.T: a .vynfn«*.vi.v «ƒ CMrr«*nf an/>roarn«'.T /<> pa/iVnf
c/a.T.vi/Ican'«n, School of Organization and Management. Yale University. New Haven,
1985.
Health Systems Management Group. /f^/Jn^t/ Dia#m>5fr flWafca' GTOM/>.V, version 2.3,
definitions manual. School of Medicine. Yale University, New Haven, I99<>.
Horn SD and Schumacher DN, An analysis of case-mix complexity using in/or/nation
theory and diagnostic related grouping, A/?a7ca/ Car? 1979; 17:4:382-389.
Horn SD and Schumacher DN, Comparing classification methods: measurement of
variations in charges, length of stay, and mortality, iVfcaVca/ Carf 1982;2():5 :489-5(K).
Horn SD, Sharkcy PD and Bcrlham DA, Measuring severity of illness: homogeneous
case mix groups. /WeaVca/ Care 1983:21:1:14-25.
Horn SD and Sharkey PD, Measuring severity of illness to predict patient resource use
within DRG's, /naw/ry 1983:20:314-321.
Horn SD, Measuring severity of illness; comparisons across institutions, i4mcrican
y««rna/ o//>i//;//c /teaWi 1983;73:1:25-31.
Horn SD, Chachich B and Clopton C, Measuring severity of illness: a reliability study,
MeoVca/ Care 1983:21:7:705-714.
Horn SD, Horn RA and Sharkcy PD, The severity of illness index as a severity
adjustment to Diagnosis Related Groups, //fa///i Care F/nanf/n^j /tev/ew Annual
Supplement 1984;33-45.
Horn SD, Bulklcy G, Sharkey PD, Chambers AF, Horn RA, Schramm CJ, Intcrhospital
differences in severity of illness; problems for prospective payment based on Diagnosis
Related Groups, 77ie Atew £n^/ana7our«a/ «ƒ A/eaVc/rte 1985:313:1:20-24.
Horn SD, Sharkey PD, Chambrcs AF and Horn RA, Severity of illness within DRG's,
impact on prospective payment, /l/wr/can 7o«rna/ «ƒ PuW/c //ea/f/i, 1985;75:10:l 195-
1199.
Horn SD and Horn RA, 77ie compMrer/zea' ieven'/y /rtaVx: a new foo//or ca.ve m/j
mana^emen/. Centre for Hospital Finance and Management, The John Hopkins
University, Baltimore, Maryland, 1986.
Horn SD, T/ie compu/erized sever/ry /ndex: concepf«a//za//on, comparj^onj anrf
app/i'car/on^. Centre for Hospital Finance and Management, The John Hopkins
University, Baltimore, Maryland, 1986.
Horn SD, Horn RA, Sharkey PD, Beall RJ, Hoff JS and Roscnstein BJ, Misclassification
problems in diagnosis related groups, 77ie New £/j#/and" yourna/ o/ A/ea'/cine
1986;20:8:484-487.
Horn SD, Computerized severity of illness. Conference. In: Proceeding.? /rwn /?ro/>aci
/ec/in/ca/ adv/iory con/erence on a//ernaf/ve caie-/n/x c/a55///caf/on jy^fems by
Bloomrosen MF and Kominski GF, 1987.



Horn SD, Sharkcy PD, Buckle JM, Backofen JE, Averill RF and Horn RA, The
relationship between severity of illness and hospital length of stay and mortality, A/ed7ca/
Care 1991;29:4:305-317.
Hornbrook MC, Hospital case-mix: its definition, measurement and use: part I, the
conceptual framework, A/eaVca/ Care to view 1982; 1-43.
Hornbrook MC, Hospital case-mix: its definition, measurement and use: part II, review of
alternative measures, Me<//ca/ Care Review 1983;73-123.
Hornbrook MC and Monheit AC, The contribution of case-mix severity to the hospital
cost-output relation, /nau/ry 1985:22:259-271.
Hunt K, DRG what it is, how it works and why it will hurt, A/ea"/ca/ £co«om/cj
1983:262-269.
Huppcrichs RHLM, /fo.s/pri/s O/J a"e o/iJersreunenJe a/aW/n^en i/in/jc/ie /armacie.
Master's thesis HEAO, Siltard, 1988.
Hurst JW, 77M- //ear/, >4rter/ei am/ Veins, McGraw-Hill Book Company, Inc., 6th ed. New
York, 1986.
Iczzoni LI, Ash AS, Cobb JL and Moskowitz MA, Admission medisgroups score and the
cost of hospitalization, iV/eoïca/ Care 1988;26:11:1068-1080.
Iczzoni LI, Using severity information for quality assessment: a review of three cases by
five severity measures, ÖMa/i/y/?evievv flu//e/in 1989;15:12:376-382.
Iczzoni LI, Using administrative diagnostic data to assess the quality of hospital care,
Pittfalls and potential of ICD-9-cm, /n/ernaf/wia/ Jour/ia/ o/ 7ecnno/o&y i4s5e5.r/nem in
//<-a///i Care 1990:6:272-281.
Iczzoni LI, Shwartz M, Moskowitz MA, Ash AS, Sawitz E and Burnside S, Illness
severity and costs of admissions at teaching and non-teaching hospitals, 77ie ./ourmj/ o/
//ie/iweriran MeJi'ta//l.v.w/a/iwi 199();264:11:1426-1431.
Iczzoni LI, in: //ea///i rare awa/ifv mana,i;emen/ /n //ie 2/s/ cenrury, edited by Congh JB.
American College of Physicians Executives (ACPE), Tampa, Florida, 1991.
Jcffcrs JR and Sicbcrt CD. Measurement of hospital cost variation: case-mix, service
intensity and input productivity factors, Wea/r/j Service.? /?e5earc/i 1974:293-307.
Jcnks SF and Dobson A, Refining case-mix adjustment; the research evidence, 77ie New
£«X'/<i/i</ Awrna/ »ƒ /WeoVnne 1987;317:11:679-686.
Jcttcn T, De tr>.v/en.v/ru<7m/r van </e a/ic/e//nx rac//o/r)^i>. Master's thesis
Gezondheidswetenschappen, Rijksuniversiteit Limburg, 1987.
Johnson AN and Appel GL, DRGs and hospital case records: implications for medicine
case mix accuracy, /m/wiry 1984;21:128-134.
Jones KR, Predicting hospital charge and slay variation; the role of patient teaching
status, controlling for Diagnosis Related Group, demographic characteristics and severity
of illness, A/eoVra/ Care 1985;23:3:220-235.
Kumm V, AY>.v//>r//AYWer;;wA- /)/«e<//ran.v/i«/e<//en.vf. internal report Dienst Administratie
en Bedrijfseconomie, academisch ziekenhuis Maastricht, 1989.
Kar v.d. JM, K».vf/>ri/.v()/itfVrz»eifc /iaewaf«/(^'i.vt7i /afcorafor/Mm, Master's thesis
Bedrijfskunde TUE, Eindhoven, 1989.
Kcelcr EB. Kahn KL, Draper D, Sherwood MJ, Rubenstcin LV, Reinisch EJ, Kosecoff J
and Brook RH, Changes in sickness at admission following the introduction of the
prospective payment system, 77ie ./oi/r/ja/ »ƒ//ie American A/ea*ica/ Asjoc/afion
1990:264:15:1962-1968.
Kilchin AH and Pocock SJ, Prognosis of patients with acute myocardial infarction
admitted to a coronary care unit, I: Survival in hospital, firj/i'i/i //ear/ ./onma/
1977;39;1163-1166.
Klustorin TD and Watts CA, On the measurement of hospital case-mix, A/ea7ca/ Care
1980;18:6:675-685.
Kreitzcr SL, Loebncr ES and Roveti GC, Severity of illness: the DRG's missing link?
(?i/a/i/v tov/eu' Bw//e/i/i 1982:8:5:21-34.
Lave R and Lave B. Estimated cost functions for Pennsylvania hospitals, /noKiry
1970:7:2:3-14.
Lave JR and Lave LB. The extent of role differentiation among hospitals, //ea///i Services
/eeA-ean/i 1971:6:15-38.
Lichting LK, /Zo.v/>i7a/ //i/orma/wn .tvs/ems/«r caie-mu mana^jemen/, John Wiley &
Sons. Inc., New York, 1986.



Limpens PGPJM, ATos/enonderzoeJt <>/> /J«T Wi/i/jf/i crte/ni'scn /nlwrarorium, academisch
ziekenhuis Maastricht, Master's thesis Faculteit der Economische Wetenschappen,
Katholieke Hogeschool Tilburg, 1986.
Limpens PGPJM en Roberts SJGL, {//fvoering faurpri/somfrrzoritr/t vo/ge/ur een js'/»/>a/«
nte/node, internal paper Dienst Administratie en Bedrijfseconomie, kenmerk:
BE/PL/SR/PB 88.1078, academisch ziekenhuis Maastricht, 1988.
Limpens PGPJM, fómpri/sondercoe/c ü/Jf//'n^ /larf/uncne en /ong/u/icriV. internal report,
Dienst Administratie en Bedrijfseconomie, academisch ziekenhuis Maastricht, 1988.
Limpens PGPJM, Afortpn/sont/erzoefc q/ÜWmg viro/og/e en invnuno/ogi'c internal report
Dienst Administratie en Bedrijfseconomie, academisch ziekenhuis Maastricht, 1988.
Lloyd S and Rissing JP. Physician and coding errors in patient records, 771*- ./ourou/ o/rne
American iWedïca/ Association 1985;254:10:1330-1336.
Louis DZ, Di.sea.se .sfag/'/i^: A c//rtica//v ta.set/ <i/>/7roacn fo measurement o/ t/üra^e
severity. Vol. 5: Reabstracting study, Systcmclrics, 1984.
Luke RD, Dimensions in hospital case-mix measurement, /n^u/ry 1979;16:38-49.
Maes EJME, ^oj//jnyir«/c«/a//> van Je a/dWini> purno/ogie. Master's thesis HEAO,
Sittard, 1987.
Manton KG and Vertrces JC, The use of grade of membership analysis to evaluate und
modify diagnosis related groups, A/edïca/ Care 1984;22:12:1067-1082.
Mc.Guire TE, An eva/ua/Zwj <•>ƒ D/?C-jeveri7y ««</ ro/n/j/e.vify re/inemenf, working paper,
EEC concerted action, Barcelona, 1990.
Mc.Mahon LF and Ncwbold R, Variation in resource use within Diagnosis Related
Groups; the effect of severity of Illness and physician practice, Mec/ica/ Care
1986;24:5:338-397.
McNeil BJ, Kominski GF, Williams and Ashman A, Modified DRG's as evidence for
variability in patients severity, Afet/iVa/ Can? 1988;26:1:53-61.
MediQual Systems, A/e</i'jj?ro«/w; A/ana^ewenf /n/«rman'on Sy.sfem, Internal Paper,
Chicago, 1985.
MediQual Systems, Afed7j#nr>u/?.v; aJw/.si7on ieven'ry c/a.s.ï//ïra/ion. Internal Paper, Chicago,
1985.
Meyer J. (PR1MI Trial Study Group), Randomized double blind trial of recombinant pro-
urokinase against strcptokinasc in Acute Myocardial Infarction, 77ie Lancef 1989:1:863-867.
Mitchell JB, Calore KA, Cromwell J, Freiman and Hcwcs HT, Creating DRG-bascd
physician reimbursement schemes: a conceptual and empirical analysis, First year report
to HCFA Grant number 18-p-98387/l-Ol, Center for Health Economics Research,
Chcstnutt Hill, Massachusetts, 1984. In: /?evie»v on //ie //rera/ure on Diagno.iM' A?Waf<'J
Gro«/7i by Worthman LG, Cretin S. RAND. 1986.
Mitchell JB, Calore KA, Cromwell J, Freiman and Hcwcs HT. Physicians DRG's: What
do they look like and how would they work draft, discussion paper, HCFA Grant number
18-p-98387/l-01, Center for Health Economics Research, Chcstnutt Hill, Massachusetts,
1985. In: /?evi>vv on f/ie //reramre on Di'agnojü rte/areJ Groups by Worthman LG, Cretin
S, RAND, 1986.
Montfort van APWP, Production /uncrionj /or genera/ no.s/?»a/.r; an econome/n'c ana/y.s/.s.
Thesis, NZI, Utrecht, 1980.
Morcau R, Soupison T, Vanqucling P, Dcrrida S, Bcaucour H and Sicot C, Comparison of
two simplified severity scores (Saps and Apache II) for patients with acute myocardial
infarction, Cr/7/ca/ Care A/edïcïne 1989; 17:5:409-413.
Mullin RL, DRG's: A brief description, Connec/icuf A/edïcin* 1983;47:5:28l-282.
Mullin RL, Diagnosis Related Groups and severity; ICD-9-CM, the real problem, 7ne
7ourna/ o/f/ie American Afedïca/ Ajjocia/ion 1985;254:9:1208-1210.
Ncdcrstigt PFPM, Diagnosis Related Groups nader bezien, GezondVie/d' en Sa/nen/ew'ng
1981;2:3:182-195.
Ncderstigt PFPM en Voss GBWE, Integratie van medische en economische informatie
komt binnen handbereik, f/f/ Z/VAen/iw/5 1985;17:2:61-65.
Nederstigt PFPM, Diagnosis /te/a/ed* Groups; een pafiënfgeoriën/eerd' ios/enin/orma/ie-
svsreem. Thesis, NZI, Tilburg, 1985.
Ncderstigt PFPM and Voss GBWE, Diagnosis Related Groups; klinisch en poliklinisch,
77/d'scnri/7 Socia/e Gezom/neidszorg 1985:63:12:476-483.



Omcnn GS and Conrad DA, Implications of DRG's for clinicians, 77i£ Afew
y«wrna/»ƒ M^/c/w 1984;3U:12:1314-1317.
Panniers TL, Severity of Illness, quality of care and physician practice as determinants of
hospital resource consumption, £ua/ify/teviivv fiu//if/n 1987;13:5:158-165.
Pass T, Case-mix severity systems provide DRG alternatives, //ia/r/i Care /wnancia/
Manü^m^f 1987,74-82.
Patrick DL and Dcyo RA. Generic and disease specific measures in assessing health
status and quality of life. Africa/ Care 1988;27:3:217-231.
Pettcngill J and Vcrtrccs J, Reliability and validity in hospital case mix measurement,
/ / M / M Care /wna/idnj? /tev/>H\ 1982:4:2:101-128.
Plotnick GD. Fisher ML, Lcrncr B, Carlincr NH, Peters RW and Becker LC, Collateral
circulation in patients with unstable angina, C/ié-sr 1982,82:6:719-725.
Pozen MW, D'agostino RB, Mitchell JB, Rosenfcld DM, Guelielmino JT, Schwartz ML,
Tccbagy N, Valentine JM and Hood WB, The usefulness ol a predictive instrument to
reduce inappropcriatc admissions of the coronary care unit, /4nna/s o/ in/irna/ median*
198();92:238-242.
Prince AJ, Nieuwe gezondheidszorg in de V.S., kostenbeheersing en kwaliteitsbewaking
via 'managed care'. M«//.«7i Cwitacf 1987;8:239-242.
PSRO 'X', Evaluating Myocardial Infarction using the staging concept, Qua/iry /teview
««//«-///I 1981;7:11:15-20.
Roberts SJGL, /ÉV>.ïfp/7y.9widV/7wt fcüt7«r/»/«^/> ̂ « vwd7/i£.flHM/fm/.f/w?//ciuAtt/i, internal
report Dienst Administratie en Bedrijfseconomie, academisch ziekenhuis Maastricht,
19X9
Roberts SJGL, AL7>.vf/>r//'.ï«ndVrz«*'Jt /a/wraft>r/u/n v<wr wp/sWry/wrmfl, internal report
Dienst Administratie en Bedrijfseconomie, academisch ziekenhuis Maastricht, 1989.
Roberts SJGL en Kamm V, Affm/jri/.vwiaV/wfil: o/wraf/r&amfrs, internal report, Dienst
Administratie en Bedrijfseconomie, academisch ziekenhuis Maastricht, 1990.
Rogers WH, Draper D, Kahn K, Kcclcr WB, Rubcnstcin LV. Kosccoff J and Brook RH,
Quality of care before and after implementation of the DRG-bascd prospective payment
system, 77i«< .Awrna/ «ƒ//«-> /Wm-ncan Afw/jVa//Uwrjaf/on 199();264:15:1989-1994.
Rosko MD and Broglcs RW. The impact of the New Jersey all-payer DRG-systcm,
/m/Miry 1986:23:65-75.
Rosko MD and Broglcs RW, Short term responses of hospitals to the DRG prospective
pricing mechanism in New Jersey, Afroïra/ Cure 1987:25:2:88-99.
Ruchlin US and Lcvcson I, Measuring hospital productivity, Wea/r/i Servicw /tes?a/r/i
1974:308-323.
Sawilz E, Showstack JA, Chow J and Schrocdcr SA, The use of inhospital physician
services for Acute Myocardial Infarction; changes in volume and complexity over time,
77ie Aw/W «ƒ f/i<- /WnVan A/VJ/Va//*.ï.«>ciafwn 1988; 259:16:2419-2422.
Schelling AN, KV>.viy>n7.vw»tfVr;:wifc r>/> J<> /?<>/ia/jJf/A'a/n<T Gaj/ro-En/ero/o^jV A/aasfnc/if,
Master's thesis Bcdrijlskundc THE, 1988.
Schrocdcr LD, Sjoquist DL and Stcphan PE, (7nJ<T.vfanJ;n^ regression ana/vs/s,- an
i>im«//«7«r>'ƒ;/«/</«•, Sage university paper, number 07-057, Beverly Hills, 1986. -
Schumacher DN, Chan C. Medical staff and hospital administration uses of discharge
abstract data. ()i«i% KfviVvv BM/^/IVI 1981:7:6:26-35.
Simborg DW, DRG-crccp; a new hospital-acquired disease, 77«e ^ w £ n ^ / W 7OW/7UJ/ O/
A/f «/ifi/w- 1981 ;304:26:1602-16(M.
Slabbers AML, Ar«.v/»r//.vf)/i</«'rzofJlt f)/> </?
AVuw/>'.viV)/(\i,'i(', Master s thesis Bedrijfskunde, TUE, 1987.
Smits HL, Fetter RB and McHahon LF, Variation in resource use within diagnosis related
groups: the severity issue, //<>«/;/! Care Fmana/ij» /tev/Vu' 1984:71-78.
Steenbakkers WHM, £fn A7).v//iny«)n</«»rto<'A O/J </<> nif<i/jc/i om/^rsfeM/i^m/^ a/dV/Jn^ aVr
•̂.vi(M/j«Ta/>i>, Master's thesis HTS, Eindhoven, 1988.

Stein RE. Gort maker SL, Pcrrin EC, Pcrrin JM. Pless IB, Walker DK and Weitzman M.
Severity of illness: concepts and measurements. TIK' Lamr/ 1987; 1506-1509.
Stcingard RM. c.a.. Sex differences in the manaccment of coronary artery disease, 77i*
M'u- £>̂ >/amy 7oi<rmj/ <>ƒ A M i t w 1991 ;325:4:226-23O.
Stern Rl>. Epstein AM. Institutional responses to prospective payment based on diagnosis
related groups. 771c AV»v £>ij>/ami ./ournii/<>ƒ A/c îVin? 1985:312:10:621-627.
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Appendix 1 Data registration form for time period Tl.

RECICTRATIEFORMl'LIER AC! I T MYOCARO INFARCT

VOORGESCHIEDENIS

ROVEUO

CAkDiULUGUdJE AANDOLNINGENII FUSTTlLj

V Ü K T

VOVKRIQ

VPI'.RVAAT

VfERVAAT

A N ! »

AI.KVER

VSVRIT

VVENRJT

VCARMYO

VKIJiP

VIIYP

RDM

VAVOEL

VIVOEL

VCONO

AOVERIG

RVET:

VCOR

I'AUIIKH n f l i m t F IV1TIIVI-NT1F< Pg Ill-T VI-UI l-llt-TJ II

VPACTi

VTROM

VPTtA

VBYPAJS

n)NTRAINDI(A-nF-S II PPSITlPl

VKF.OPBN

VRtCAT

VREMAAO

V HOSTEN

ANAMNESEU PQSIT1E1

RKCISTRATIF.I'(>RMI>LIER A l l I T MYtM'ARD LNFARCT

PERIODE T-1

PYNI

PA1.1
OPOS) PRCOLI

SYCOL1

APKI.1

BORPYI

DYSPN1

(HJ)KMI BLDRH1

BIÜRI 1

LON0S1

L£VCRI

ON11ER/OKK KCCl

SIBRH

SIBRR1 :

BITI

BhKI

VVERFI :
VVKRRI :

KiRAVI :

KiRARl :

D1GVI :

(JPOS)

(IPOS)

(JPOS)

(1 POS)

(JPOS)

(1 POS)

SFTAFI •
srTARl :

NSVTFI

NSVTRI

(JPOS)
(IPOS)

(JPOS)

(IPOS)

11 POS)

Morvi
MlURl

(NEIIF1)

VNERF1
VNEM1

MSVTF1 :

MSVTR1

OPOS)
(IPOS)

f)POS)

(IPOS)

MODVI

Momti

(IPOSI

(3 POS)
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KEMTVl
HEMBI

BFBVI
M*R1

UTBV1
UTBRI

ASGSVI

ASGSRI

unvi
IJTMI

TF»Vl
Tram

int AI KAT]fNrr»<«f it

NESEP1
NEANTl

N U ATI
NEPOS I

I OKAI ISATIF !STHF\4IF (1 HiMIIH

APSÜPI
AP ANTI

AHNFI
APHkVI

COMCAI
COTE»!

COCVAI
(DMOHI

COMMI
CCMATI:

H1K);1 PlKITIKl

KISKPI
K1AMTI

K1AP11

K1RVEI

Kil-ATI

KIPOS1

LVEFI

vai

WINI'I
KIBASI

(2 POS)

CAG (3 POSITIES)

RCA1
LAD1

RCXI

LHS1

BRi'fFPmrromt.n

INSEPl
IN ANTI

INI .ATI
INPOS1

ININF1
BRUCE1

THAI! IITM (1 POSmB

THSEP1
TH ANTI
Til API I

THLATI
T1IPOS1
THREVI

TI0NF1
TUB AS 1

SWAN-GAN7. fl POSmE)

SW01 :

INTF.RVFN-nES (1 POSIT1E1

ITROMI
DABP1

«POS) IR ESI']
IPACD1

IPACT1
IPTCA1

LABOR ATORn TM f« Pn-ÜTtFiji

SGPTW1
LDHW] SGOTTI (3 POS)

CPKW]
CPKT1 (3 POS)

MFTllr tTTF (1

BETA1
INTTRl
ICAAN1

IGLVCI
IANAR1

IANHYI
1ANCO1
IACETI
IANBRI



Appendix 2 Descriptive Statistics of Costs of Laboratory Services per Time Period and for the
Total Hospital Stay.

7bffl/ o/ TOM/ Zvwnfo r o/ Va/«i
D^v.

T/m/" / " r rW TO
7/m^ ZVnod 7/
77m<> Period 72
77m<" Pe/wd 7"i

J8/2
24/02
65J5
2765

J72/4

/2JJ5.8O
62.744.i2
/8.02/./J
8,209.9/

/0/J/0J4

44J
4 i 9
4 /9
/7 i

464

27.85
/42.9i
4J.0/
47.46

2/8.i4

Z2.65
/09.69

78.75
//i.Oi

/8 i . /6

Appendix 3 Descriptive Statistics or Costs of FCC per Time Period and for the Total Hospital
Slay.

/ïme/V/ïW 7W+77
77/»*" /Vvwr/ 72
77mf /Vnorf 7"i

7w/(j/ Z/o.f/)ifci/ 5w>

7b/«/ o/
Srrvic«

4J7

980

i492

fof«/
COJ/J

2.779J2
7J./P7.Ö»
6.2J2.80

22.209./2

Mwn/vr o/ Va/i'rf
CflJ<>5

4J9

77i

464

6.iJ

J6.0J

47.86

Shi

6.J5
/ / < »
49.60

42.60

Appendix 4 Descriptive Statistics of Costs of Radiology Tests per Time Period and for the
Total Hospital Stay.

Tow/ <>ƒ Toto/ Mtfn/xr o/ Viï/î /

77mf Pcr/'ort 7Y)+r/
77m»- P«T/V)</ 7"2

7ïm? Pf n'orf Ti

558
29/
//.?

962

/2.4/9.80
6.424.00
2,552.60

2/,i96.40

4/9

464

COJM Deu

28.29 20.57
/5.ii /9.06
Z4.75 J6.65

46.// 46 / 7



Appendix 5 Descriptive Sutistics of Costs of Heart Catheterization per Time FVriod and for
the Total Hospital Stay.

7wie Period TO
7Ime Period 77
7Jme Period 72

7bra/ r/ospi/a/ Sray

7b£a/ o/

467
25/
98

857

Tow/
Corti

/44.50/.5J
78.822J/
i/,272.2/
/5.0/6.49

269,6/2.54

Mwnoer o/ V(i/id
Cojei

4/9

464

Costt

J26./9
/ 79.55

5«/.O6

/)év
452.9/

264.96
257.55

750.7/

Appendix 6 Descriptive Statistics of CosU of Exercise ECG per Time Period and for the Total
Hospital Stay.

Tow/ o/ TOM/ r o/ Wi/id
Coifs /Vv.

77me Period 7D
7/me Period 7/
7ïme Period 72
7ïme Period 7"i

7bra/ Wospifa/ 5/fl)>

/
5

/59
6J

206

J8.75
//6.25

5.J86.25
2.44Z.25

7,982.50

44J
4J9
4/9
/ 7 i

464

O.W
0.26

/2.86
/4. / /

/7.2O

/.N4
i.20

Z8.66
20.05

20.58

Appendix 7 Descriptive Statistics of Costs of Holler Electrocardiogram per Time Period and
for the Total Hospital Stay.

77m<> Period TO
77/n^ Period 7/
77/ne Period 7"2
77/nf Period Ti

Tofa/ Wospi/a/ 5/ay

Toto/ o/
Service*

0
2i
ii
/6

72

7bra/
CO5«

0
/.248.90
/.79/.90

868. SO

i.909.60

A'umfcer o/ Va/id
Cases

44i
4i9
4/9
/7J

464

Wea/j
Cos»

0.00
2.84
4.28
5.02

8.4J

5/d.
/>ev.

/2.66
/6.02
28.24

25J4



Appendix 8 Descriptive
Total Hospital Stay.

77m*" P?r/oa" TO

77m? P?r«oa* 77

77m? P ? / - ^ 72

77m? P^rjoa" 7"3

7«ffl/ //osyj/'/a/ 5fa>

Statistics

7bfa/of

/8
/04
253
42

4/7

of Costs of Echocardioghrapy per

7bra/
Can*

8/9.70
5.046.80

/2,409.65
/.924.90

20.20/05

/Vumb?r o/ Va/ia"

4J9
479
77J

464

Time Period

s:
7.85

77.50
29.62
//./3

43.54

and for the

Drv.

23.56
28.40
26.5/

J2.76

Appendix 9 Descriptive Statistics of Costs of Thallium Tests per Time Period and for the Total
Hospital Stay.

7bfa/o/ Tow/ M/m/wr o/ Va/ia" M?an 5ral
C0Jf5

77m? P?n«d TO
77m? /Vno</ T/

77m? P«*rwrf 72
77MI? P?nV«/ TJ

ƒ
46

747
4/

72.52
i,276.9/

/O.4O6.52
J.444.7J

44i
4J9
479
77i

0.76
7.46

24.84
/9.9/

i.45
J2.76
54./0
64.9i

2J5 77.2Ott68 464 37.07 7/.Z8

Appendix 10 Descriptive Statistics of Costs of Thrombolytic Therapy per Time Period and for
the Total Hospital Stay.

77m? P?n'«</ 7/
77m? P«TKK/ 72
77m? P?nVw7 7\f

7}>frt/ 7/(»pir<j/ Sfa>

7hra/ o/
Sfrvic«

745

2
0

80,844.75
Z.672.65
/./75./O

O.W

83.632.50

m/;?r o/ Va/i</

442
438
479
77J

464

M?an
COJK

782.9/
3.82
2.66
0.00

780.24

3.66
46.04
38.47

280.88



Appendix 11 Descriptive Statistics of Custs of Drugs (except thmmbolytic therapy) per Time
Period and for the Total Hospital Stay.

7ïme Period TO
7ïme Period 7"/
77me Period 77
77me Period 7"5

TOM/ //O5^IM/ Sfay

7bfa/ o/

J252
7852
506/

/77O9

COJIS

5,555.00
6.584.65

/4.206.65
9,099./0

55,225.40

M«n/>er o/ Wt/id

s
COJ/J

8.0/
/4.58
55.9/
52.60

7/60

/>w

J.66
7.6/

/9.72
96.49

79./4

Appendix 12 Descriptive Statistics of Costs of PTCA per Time Period and for the Total
Hospital Stay.

7ïme Period 77
77me Period 77
77me Period 7"i

7bfa/ //oip/fa/ Sfrry

7b/«/ o/

50
79
70
J

82

7bw/
COJM

78i.862.OO
69,867.56
56,772.40
77,OJ/.72

J07,5ii.68

Cm»

455
459
479
/75

464

Mean
C05tt

422.67
/6/.75
87.76
65.77

649.86

5/d.
/Vv.

//74.22
754.9/
56/.94
48Z.42

/424.79

Appendix 13 Descriptive Statistics of Costs of Other Medical Interventions per Time Period
and for the Total Hospital Stay.

7ïme Period 7Ü
77me Period T/
7/me Period 77
7/me Period 7"5

7bi«/M»p<ft./5uy

ToJfl/ o/
Serv/ces

52
54
75
74

95

4,052.60
9,487.22

507.50
6/0.72

74,657.44

/Vumfter o/ Va//d

442
459
4/9
775

464

A/ea/i
Co*»

9.72
2/.6O

/.27
5.55

5/55

Dev.

//2./6
777.89

9.25
20.77

257.26
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Appendix 14 Descriptive Statistics of Costs of Intensive Care per Time Period and for the
Total Hospital Stay.

77m<> AVrio*/ 7 /
77m? AVriod 7*2

Tow/ Wojp/w/ S/ay

Torn/ o /

705
40J

222S

7b»a/

J24,6*«.OO
2O4J79.5O
//6,«29.70

645, «97.20

iVu/noe r o/ Va/id

«9

/7J

464

CofK

7J9.67
4S7.78
67J.J2

7J92.O2

5/d.
D<-v.

22J.67
68J.97

/5J5.O0

/577.4O

Appendix 15 Descriptive Statistics of Costs of Physical Therapy per Time Period and for the
Total Hospital Stay.

7ww/ »ƒ Sfd.

497

/Vr/W 7*2 479
//.0/
72.07

2/.SJ
22.07

//./76.9J 464 24.09 J0J2

Appendix 16 Severity Dummy variables.

»rn'/y o/Cownnry jf<
no aiJ/ifferi^rtf/on

RVTE/V7.0O

5«*»rrify o/ A/
/)fi/ft/CE

y' / versus/w J/J».
2

' 4 vrr.vi« no j/£.
5 vrrsu.5 no s/'g.

y / V«TJJ« no JI^'.

y 2 irrjiw no ii' .̂
5TEA/EAT aif«•#«/>• J vrrj«5 no jy».

4 vprii« no si#.
vrr5«5 no 5i^.

tvjfcjjorv' 2 vrr.viis no ,w#.
^ .? vrriits no j/j;.

5TE/VLOC cvif^'orv 4 versus ;io j / ^ .
5 krni« no ii#.

c rc.vf »rrii« no
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DB/?IOVT2
DB/JC/CV/VTJ

OB/WC7/VT5

/)B/?t/C£XTJ

MS77/EX77
W/S77/LOC7

fl/?l/C7Af7" category 2 vrrsus no isc/temw
flrtt/CWT category ^ versus no i's
fl/?l/C7A/T category </ versus no
B/?L/C/ATT category 5 \rrjuj no i'sWtemia
fl/Jt/C£XT category / irrjtu no «cnrmia
fl/?£/C£YT category 2 vrrsui no isc/temia
fl/J(/C£XT category J vrwiu no «
B/?(/C£Xr category ^ vrwas no uc
B/?l/C£XT category 5 vrrinj no
B/?t/CLOC category 7 vrrsi« no «c/»rmia
B/?t/CLOC category 2 vrrens no Mc/trmid
B/?t/C£XP category / vrrsi« no üc/icmiii
B/?fC£X/' ca/«"gory 2 vrrsuj no i«7tem/a
B/fL/C£Y/* category i vrrjiu no «c/tenw'a
B/?t/C£XP category < vrrsuj no /.sc/icmia
no f/w///Mm tejf i r n u j no rrt'. r/uj//i'um c/wngM
/STWEXTcategory y vrrswj no w . r/ui//ium
/5TWLOC category / vrwuj no rrv. i/ui//ium c/wng«

fnfy o/A/vocani/ü/ Atecn;««:

DCPATi

DCPK5
D5CO7"
D5CO7/

DSG07J
DSG07W
D5GOT5

DLD//2

DLD//4
DLD//5

no
CPAf category / vrr^iw no C/*/f c/iangrs
CPAf category 2 vrrsui no (TK r/wnj[M
CPA" category j verii« no
CP/T category 4
CP^f carfgory 5 versus no
no SGOT-area mraiure W<TS«J /W 5GO7" c/wngf j ;
5GO7" category 7 V<T5«J no SGO7" c/ia/ige5
5GO7" category 2 verms no 5GO7"c/ia;igei
5GO7" category J v m i « no SGO7"c/wnge5
5GOT category 4 Vfrms no SGOrc/wnges
5GO7" category 5 versus no 5GO7 c/ia/iges
5GO7 category 6 versus no SG07" c/w/iges
no ZZW measure versus no LD// c/ia/iges
Zi)/¥ cafpgory / vers/ts no LDW c/wnges
/-ƒ)/¥ category 2 versus no £ƒ)/ƒ c/wnges
iDA/ category J versus no LD/Z c/ia/iges
LD// category 4 versus no LD// c/wnges
ZX>// category 5 versus no LD/Z c/ianges
A^£CT//£XT category / versus no irreu »Aa///'«m cnangM
yV£CTA/£XT ca/egory 2 versus no irrev. f/ia///«m c/wnges
/V£CT//Z/)C category / versus no /rrev. r/uiZ/ium cnanges

5ever/fy o//sc/iem/c Pa/n
: m/'ssing rfa/a versus no £$c/iem/c pa/n
; /5/M//V category / versus no isc7/em/c

D/Sfl4//V2 ; /5PA/A/ ca/egory 2 versus no /sc//e/n/c pa/'n

Severiiy o/ Carrf/ac Wa// Mof ion aonorma/ir/es
D£C//O : no ec/iocarrf/ogra/7/iy versus no CWA/ aon.

: ec/iocara"('ograp/iy, ouf no aVi/a versus no CWM flèn.
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OAT/WV77

WAT/LOC/

.SVirn'fv «ƒ Crtiï/iV/r

/JCOA7WC5

/JLVA-//S

/)A/)£Y77

Af/WT category 7 v^nur /w ClVAf afen.
Af/£Xr c a f ^ o r y ' v ' f iu ï no CWA/ aon.
AT/EXTca/egory 2 versus nö CWW abn.
Ar/£Y7" category J v e « u i no CVVW aon.
Af/£XT cawgoo ' 4 w<T5i« no CWA/ aon.
Af/£YT category 5 versiu no CWM abn.
AT/LOC category / v f « « i no CWA/ aon.

/?//JTWW c a l o r y /; vfrei« no Wiyf/i/n A'soni^rj fa)
/?/ƒ JTWM ca/f^ory c v^rjus no r/iyr/vn rfwonifrs fa)
/?W1T//A/ c a l o r y a" v?r5i« no rtiyr/im rf/5ord«Tj fa)
/?WJTWW c a l o r y e vermj no r/iyr/i/n dw

/J//JT//W c a l o r y ^ versus no rny//wi rf/ fa)
i vrnuj no Hiyz/i/n rf/iorrffri fa)

/ vrrjuj no r/iyr/wi d/ionierj fa)

rOA//^L/C c a f ^ o r y ^ vpntiu no «mdWf/'on rf»\so«/^r5 fa)
C O W W C caffgory c v«rms no cono*Mcfion d/jo/rf^ri fa)
COW/)t/C cafc^fory d vwu- j no conducfion di.ïorrf«T5 fa)
COA/DC/C caff^ory f vfrjj« no twiduc/ion d/'io/rffrs fa)
C 0 W ^ [ / C cafegory ƒ v<rms no conrfi/cfion dworders fa)
C0A7)( /C cafejs'ory jf veriHj no conduction disoraters fa)

/iy /JM/ no dafa Z.V£F vrr5i« no deviating LV£F
Z.V£F caffgory 7 wcrius no dpviafi/ig LV£F
Z.V£Fca/fgory 2 versus no dp\/V»/ng Z.V££
LV£F ca/f gory J versus ;io deiia//ng Z.V£f

nrM/* c/«sj//Fcaf/'on vfrsuj no Af
Af cafegory / vf ri«.s no M/*
AP cafcgory 2 vcrsiu m> AP
AP caffgory J versus no AP

rrgu/ar admi.wion /n TO versus inrema/ adm«s/on fa/npady in
rrgu/«r admmion in TO versus ejrrenuj/ admission in 77
/rgi//ar «idmî siVin in TO versus exrermi/ admission in 77
rr#u/<ir admission in TO versus e.r/ema/ admission in Ti

disc/wrjje in 7̂ 2 versus deceased in TO
di\c/i<irj;e i/i 7~2 versus deceased i/i T/

rr#u/<ir </isdi<iri>e i/i 7̂ ? versus deceased in 72
rr#u/<ir (/isc/uirye in 77 versus deceased in FJ
rrgu/ar disc/ui^e in 77 versus discharged ro nome in 77
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D77JANS/ : /rgu/ur Jwc/uirjjc in 77 vrraut franj/irrrrrf fo ofnrr mciiiVn/ j/wiTiJify in 7 /
in 77 vrrsiu fni/u/irrrr<i w OJ/MT m ^ i a i / 5/>wi«ürv in 77

»r in 77 vrrsui f n i a s / p ' ' ^ ' " o»n<r m<-</icYj/ fprci<i/iry in 7"J

Appendix 17 Correlation matrix concerning severity of illness on admission, background
characteristics and costs of thrombolytic therapy (I.is twist deletion of missing cases, n=254).

ISEXTO
1SLOCO
NECEXTOO
NECLOCO
D1SPA1N1

DISPA1N2

AGE
SEX

rnooMo

.24*

.11*

.20*

.19»

.J l*
-J6»
•06
-.01

ISEXTO

100
4t*
31'

.21*
11*

- 1 2 '
•19*
-.07

BLOCO

1.00
08
•6*

-.07

03
•02
.02

NBCBCTO

1.00
67»
.07

-.05

•02
-.01

Naruxx)

100

• 05
.05

-.01
OJ

DSTAWI

1.00
-17*

•03
-10

DOT ADO

100
.09
.16*

AM « X

too
.20» 1.0»

• p < 05
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Appendix 18 Correlation matrix of severity of illness on admission, medical treatment,
background characteristics and costs of heart catheterization during period TO (Listwise
deletion of missing cases, n=374).

ISEXTO

ISLOCO

NECEXTOO

NRT1XXD

THROMO

ITIIROM

AOI!

S IX

DADINTO

CCATO

.19'

.14*

.12*

.13»

JO»
.12»

-J0»

-J0»

J7»

ISXTO

1.00

.49»

.27*

.14»

.17»

-.04»

-.14»

-.ot*
-.03

UUXXI

1.00

.07

.45*

•09

-.06

-.04

•02

.02

HBCEXT0

1.00

66*

.15*

.01

-.13»

- I 3 *

-OS

NECLOCO

100

13*

-.04

-08

-.06

-.06

THIOM0

1.00

-.06

-.20

-.13»

.02

PTH10M

100

-.07

-09*

-.04

ACE

100

.21»

-.05

SEX DADfKTO

1.00

-.20* 100

•p< .03

Appendix 19 Correlation matrix of severity of illness on admission, medical treatment and
costs of PTCA for all cathelerized AMI patients (Listwise deletion of missing cases, n=127).

IIIKOMO

STUN1N0

MI'NHXO

S'lliNLD

NI-XT.O0

wnK2

CTTTA0

•21*

24*

.10

.15»

06

.31*

-.03

THROM0

i.in

•24*

-.08

-.05

.22'

• 0 8

.71*

STENINO

1.00

.(1*

69^

-.14"

.79*

.27'

STENEXO

1.00

»6'

-.18'

.70*

.55'

STENLOO

1.00

-.01

.59*

.49*

NECLOO

1.00

-.11*

.05

INTERI

1.00

.50»

INTER2

1.00

•p<jO5
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Appendix 20 Correlation matrix of severity of illness indicators, background variables and
length of stay (List wise deletion of missing cases, n=451>.
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Appendix 21 Correlation matrix of severity of illness indicators, background variables, length
of stay and costs of CCU (Listwise deletion of missing cases, n=454).
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Appendix

Car^goi
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/
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no i5cn/7ni<: pain
iK/irmir pain in TO or 7"/
üc/i^mic pain f afro J in 72 or 7J

in severity categories representing Lschemic

A/ran

J8.9J
60.67

/O5.7S
17./J

&£*!-. F,

5J.7V
42..J6
7J.67
2J.00

pain.
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92
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Appendix 23 Mean costs of drugs of patients in severity categories representing the extent of
Cardiac Wall Motion Abnormalities.
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Appendix 241 Mean cost of drugs of patients in severity categories representing type
of appearance of cardiac rhythm disorders.

Ca/e#ory

a
ft
c
</

ƒ

DMcr/pr/o/i

no r/iyf/i/n disorder
acure ii'nitófac/rycara'/a
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Appendix 25 Mean costs of drugs of patients in severity categories representing the Left
Ventricular Ejection Fraction.
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Appendix 26 Correlation matrix of severity of illness indicators, background variables, length
of stay and costs of drugs (Listwise deletion of missing cases, n=446).
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Appendix 27 Results from regression analysis: dependent variable is total costs of drugs in
AMI-patients (Listwise deletion of missing cases, n = 456).
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Appendix 28 Mean costs of laboratory services of patients in severity categories representing
myocardial necrosis estimated by total CPK release.

Description

no jig. CPAf changes
</OO00
7OOOO-2OOOO
20000-40000
40000-60000
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Z55.25
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/87.JJ

9
85
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Appendix 29 Mean costs of laboratory services of patients in severity categories representing
ischemic pain.
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Appendix 30 Mean costs of laboratory services of patients in severity categories representing
the extent of in Cardiac Wall Motion abnormalities.
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Appendix 31 Mean costs of laboratory services of patients in severity categories representing
type and time of appearance of cardiac rhythm disorders.
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Appendix 32 Correlation matrix of severity of illness indicators, background variables, length
of stay and enrollment in PR1M1 protocol and costs of laborator)- services (l.istwise driftion of
missing cases, n=456).
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Appendix 33 Results from regression analysis:
services (Listwise deletion of missing cases, n =

~ " "
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no s«'g. CPAf c/io/ig«

Appendix 34 Mean costs of ECG of patients in severity categories representing myocardial
necrosis estimated by total CPK release.

Category

0
7
2 70000 - 20000
i 2«X» - 40000
4 40000-60000
5 >60000

24.0J
J5.W
4S./4
49.98
48.47
64.5/
42.7J
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2JJ2
2&4O
29.09
J4.09
4J.74
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9
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72
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58
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7/

£fa':. 7 9 (p<. 00/j

Appendix 35 Mean costs of ECG of patients in severity categories representing ischemic pain.

Category 7)«cripfion

0 no iic/temic pain
7 iic/i^mic pain in TO or 77
2 iic/if/nic pain faiso,) in 72 or 73

29.92
44.25
68.2 3
75.90

23.69
33.43
46.33
23.77

54
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92
6

Appendix 36 Mean costs of ECG of patients in severity categories representing the extent of
Cardiac Wall Motion Abnormalities.
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0
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p <.007)
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38.73
76.84
42.56
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Appendix 37 Mean costs of FCG of patients in severity categories representing type and time
of appearance of cardiac rhythm disorders.
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Appendix 38 Mean costs of RCG of patients in severity categories representing Left
Ventricular Ejection Fraction.
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Appendix 39 Correlation matrix of severity of illness indicators, background variables,
length of stay and costs of ECG (Listwise deletion of missing cases, n=451).
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Appendix 40 Results fmm
deletion uf missing cases, n
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regression analysis:
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Appendix 41 Mean costs of etfiocardiography of patients in severity categories representing
myocardial necrosis estimated by total CPK release.
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Appendix 42 Mean costs of echocardiography
type and time of appearance of cardiac rhythm
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Appendix 43 Correlation matrix of severity of illness indicators, backgmund variables, length
of stay and costs of echocardiography (Listwise deletion of missing cases, n=446).
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Appendix 44 Results from regression analysis: dependent >ariable is costs of echocardiography
(I.istwise deletion of missing cases, n = 461).
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Appendix 45 Mean costs of exercise tests of patients in severity categories representing by type
and time appearance of cardiac rhythm disorders.
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Appendix 46 Mean costs of exercise tests of patients in severity categories representing the I/eft
Ventricular Ejection Fraction.
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Appendix 47 Correlation matrix of severity of illness indicators, background variables, length
of stay and costs of exercise tests (l.istwise deletion of missing cases, n=453).
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Appendix 48 Results from regression analysis: dependent variable is costs of exercise ECG
(Lislwise deletion of missing cases, n = 460).
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Appendix 49 Pattern-analysis
(• = adjacent pattern)
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Appendix 50 Means, standard deviations and numbers of the SICI.OS for AMI-patients by
age and sex.
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