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Abstract

Economy in radiology.

The present economic squeeze in the public health care sector necessitates investiga-
tions in resource allocation and resource use. As radiology has high technology equipment
rather than beds, it is commonly regarded as a suitable department for developing models of
cost analysis and cost-minimization, cost-benefit, cost-effectiveness, cost-utilization analyses.
Such analyses may change planning, administration and organization of radiology departments
and stimulate research in other medical disciplines.

Ultrasonography (US) is a rather inexpensive modality often operated by non-radiolo-
gists. US, as a method, has been tested in three clinical settings. The first setting involved the
replacement of intravenous urography with US and yielded positive results for possible cost-
minimizing interventions. The analysis of US versus pre-operative angiography in patients with
critic ischaemia did not give results indicating US to reduce costs. Finally, US screening for
congenital hip dysplasia in babies was found to be cost-effective only for defined risk groups.

The replacement of conventional roentgen film dark room processing with automatic
daylight film processors amortized the movement within two years and also yielded substantial
annual savings.

Cost-analysis of time utilization due to patients either being late or not showing for
their appointments yielded substantial economic losses. Factors, which could be changed to
improve this situation, include the processes of patient registration and transportation, as well
as physician availability.
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Preface
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radiology.

My supervisor, professor Jan H. Gothlin, introduced me to this kind of research as he
found it to be in accordance with my previous works and interests. He has been an inspiring
source of support throughout all my investigations, and I especially wish to thank him as I
reach the milestone of presenting a thesis.

The research has been conducted at Haukeland Hospital in Bergen and East Hospital
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Abbreviations

ADS:
CDH:
CDS:
DSA:
EH:
HH:
HOH:
IRR:
IvVU:
NPV or DNPV:
US:
NHS:

Automatic daylight system

Congenital dysplasia of the hip

Color flow Doppler ultrasonography

Digital subtraction angiography

East Hospital, Gothenburg, Sweden
Haukeland Hospital, Bergen, Norway

Hagavik Orthopedic Hospital, Bergen, Norway
Internal rate of return

Intravenous urography

Net present value or discounted net present value
Ultrasonography

National Health Service. The publicly financed health service of the United
Kingdom of Great Britain and Northern Ireland
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Definitions

Cost-analysis: Analyzing cost. A partial economic analysis(1,2).

Cost-minimizing analysis: The consequences of two or more alternatives are examined
alongside costs. When shown to be equivalent, the study is a cost-minimization analysis. If two
diagnostic examinations are found to be otherwise equivalent, the remaining comparable item
is cost. Thus, a cost saving procedure may be undertaken on the basis of a cost-minimizing
analysis (2).

Cost-benefit analysis: Determines which one of two or more projects is found to be the most
profitable. An analysis of costs versus benefits are summarized in monetary terms (any local
currency) (2,3,4,5,6).

Cost-effectiveness analysis: Measurement of the costs in monetary terms versus specific
effective factors, e.g., improved morbidity, mortality or as is the case in most of this thesis -

radiological diagnosis. No attempt is made to value the consequences (1,2,3,6,7,8).

Cost-utility analysis: Determination of the costs in monetary terms and utility gain measured

in quality adjusted life years (2,7,9,10).

Net present value: The net present discounted value of the investment is the present value of
the benefits less the present value of the costs. If outlays are being regarded as negative net
benefits, the net present discounted value of an investment stream is the sum of all the net

benefits when discounted to their present value. It is represented by

M=

P=Y F(+r)"

0

-
Il

if P = present value, F, = future benefits or costs (benefits-costs) at year t, » = annual interest

(discount) rate, » = number of years (4).

Internal rate of return: The internal rate of return is the rate of discount which makes the

present value of the benefits exactly equal to the present value of the costs(4).
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Opportunity cost: The utility of the second best alternative (2,3).
Cost-accounting: Cost-calculation. As a part of cost-analysis .

Clinical utility: The clinical usefulness (to either the patient or the physician) of an
examination or a procedure. In radiology, the usefulness also applies to the referring physician

requesting the radiological exam (2,3).

Efficacy: In radiology one may call it the amount of information an examination provides and
its ability to classify disease or disease stages, when studying the examination under optimized

conditions (2,3).

Efficiency: In radiology it describes an examination’s ability to achieve the best possible
clinical utility at the least possible expenditures. Lower monetary costs and improved clinical

utility indicate greater efficiency (2).

Effectiveness: Does the procedure, service, or program do more good than harm to those
people to whom it is offered? This form of health care evaluation, which considers both the
efficacy of a service and its acceptance by those to whom it is offered, is the evaluation of
effectiveness or usefulness (2,3). In radiology we define the service as examinations. The
examinations are either offered to referring physicians or patients. Normally effectiveness is
referred to as improved examinations, either improved diagnostic work, more comfortable or

less hazardous (less complications) examinations.

Sensitivity analysis: Evaluates the stability of the conclusions of an analysis to assumptions
made in the analysis. When a conclusion is shown to be independent of the assumptions,

confidence in the validity of the conclusions of the analysis is enhanced(2,7).

Ultrasonography, Doppler, color coded Doppler ultrasonography: Ultrasonography is
based upon the same principle as SONAR and RADAR. The SONAR was first invented
during W.W I in order to search for submarines. It is done by transmitting soundwaves from a
source and then register the reflected sound. In a modern ultrasound transducer, the PIZO-
electric crystal emits and receives the ultrasound impulses. The soundwaves do normally have
frequencies between 2 and 10 MHz. The physicist Doppler first described that alterations in

speed caused changes in the sound from the object having that speed. The frequency would
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alter according to the speed. (A train coming towards you would emit a soundwave with an
increasing frequency as it approaches). This principle has been used to calculate the speed of
particles, in medicine the velocity of blood flow. By adding color, one can code the areas

including particles with a velocity, and thus see a blood flow (11).

Angiography and digital subtraction angiography: In order to visualize arteries contrast
media are being used (12). This contrast media is injected through a catheter which has been
inserted into the artery. To perform a subtractional angiography one uses a «mask». A picture
without contrast media is subtracted from the picture with contrast media. This way, disturbing
artifacts may be removed. Digital Subtraction Angiography (DSA) is performed by a computer
by digitally doing the subtraction (13,14).

Roentgen Rays or X-rays: In 1895 Wilhelm Conrad Roentgen first described the X-ray.
Fluorescence that penetrated the skin and visualized the bone. What is used in radiology is
photons omitted from a source towards an object and registered on a film behind the object.

The density of the object reveals a picture used for diagnostic work (15,16,17).

Radiological contrast media: Contrast media was first used for gastrointestinal purposes.
BaSOy is used as contrast media in the gastrointestinal tract. For intravenous and intraarterial
purposes, triiodinated water soluble contrast media are being used. Because of higher density
than surrounding tissue, the organs filled with contrast media are being visualized at

fluoroscopes, films and screens (12,18,19).

Congenital dysplasia of the hip: The acetabulum does not have the proper size and depth

and the femoral head will be displaced laterally (20).

The Graf method for ultrasonography of the hip: The ultrasonography transducer is placed
laterally and the maturity of the hip and the position of the cartilages and osseous parts are

assessed.

Darkroom and daylight developing: Traditionally the x-rays or Rontgen-rays were
registered on a conventional films which were developed in a darkroom. Automatic film
Daylight processing Systems (ADS) were developed to avoid darkroom working, both in order

to decrease the use of labor and to reduce the need for having to work in an unpopular and
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probably unhealthy place. Today several systems register digitally on a computer, and the

pictures are being sent to a laser camera from the computer (17).






Introduction

Introductory comments

It is somewhat foreign for physicians to apply economic aspects on health care.
However, pre world war II physicians were not used to unlimited recourses. Patients had either
a private insurance or paid out of their own pockets.

After a war time of large sacrifices, the Western World rebuilt. More resources
were available than had been ever before. The welfare system in many industrialized countries
was developed and extended, especially health care (21). Sweden is an example of a country
which developed a large and expensive national health care system (22). The GDP was
growing in most Western countries. Comparatively few citizens retired on public money, and
there were no evident reasons to put strains on health care expenditures. Optimism and ever
changing borders for what could be done by medicine, increased the fraction of the GDP used
for medicine. This was mostly hailed with enthusiasm.

Economic conditions, especially for the public sector, have changed. Not only
politicians allocating resources, but the tax-paying public question parts of medicine, especially
its technology(23). A future challenge not only for the health sector in Norway and Sweden,
but in several western countries is the increasing proportion of elderly. It is a challenge to the
future organization and financing of the health sector  (24). This emphasizes questions upon
how to use the resources allocated to health care (9,24,25).

In the press there has been questions on the spending on «high-tech» medicine
without defining what it is. Radiologists do feel that they represent «high-tech» medicine, but
seem not to accept statements that their part of medicine raises costs (26).

Much cost savings in health care have been accomplished by only decreasing the
resources. Either to cut spending, or, more frequent, to curb a future increase in spending.
The decreases have been done in the hope that rationalization and increased effectiveness

would not considerably change results and outcome. An awareness of the advantages of
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knowing most of the economical factors driving and maintaining health care has slowly
emerged.

Literature focusing on economy in medicine has grown fast since the fifties,
however, health professionals have not been the most eager participants. A lot of research
regarding "usefulness" of technology and methodology employment is probably best performed
by those handling the technology or working in close contact with it. Physicians have been
their «patient’s advocate» and cost-consciousness have not been of major concern. Health care
professionals have mostly asked for increasing resources. This has left or even necessitated, the
implementation of cost-control and cost-saving to politicians and administrators. The
politicians view of the health care professionals attitude towards costs and effectiveness might
be as presented by prime minister of the UK , M. Thatcher, when she describes the work with
NHS during her period as prime minister (27). She describes the process of improving the
efficiency of NHS and states about health professionals: «cost-conscious they were not» (27).

Radiology has not been the frequent subject of such studies but the number of
investigations are increasing. Unfamiliarity with methods and conclusion-drawing has

sometimes made contributions less valid for decision-making.

Aims

The main aim of these investigations has concentrated on finding ways of improving

the allocation of resources within radiology, without losing high ethical and moral standards.

Radiology as «high-tech» medicine

More than most other specialties, radiology implies high technology. Even the least
expensive diagnostic equipment in the department has frequently a price tag of more than 1
million SEK and the most expensive equipment around 15 millions SEK. Expenditures for

personnel are the main costs in hospitals(28,29,30). In radiology departments, this cost is
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somewhat lower due to the capital costs of equipment. At East Hospital, Gothenburg, the
personnel cost amounted to just above 50 % of the department’s costs. At Haukeland
Hospital, Bergen and Ulleval Hospital, Oslo, estimates of costs indicate approximately a similar
expenditure distribution. At clinical departments more than 80 % of the costs are personnel
costs(31,32). This makes radiology a target as «expensive high-tech» medicine. However,
high-technology medicine is not that expensive considering the total costs in a hospital (29,30).

In 1986 the total costs of all large diagnostic and therapeutic appliances in West
Germany was reported to be less than 1% of annual expenditure on health (33). Most of this
equipment is used to reduce hospital stays, and thus reduce hospital costs (30). Computed
tomography has replaced angiography, conventional angiographies are performed with digital
subtraction angiography, interventional radiology replaces surgical operations and
ultrasonography replaces more time-consuming radiological examinations (30,34,35,36).

If it is accepted to diagnose and give medical treatment to all groups of patients, in-
and out patients, treated in Nordic hospitals today, investing in radiological high-tech
equipment is cost-saving but not necessarily cost-effective (30). Without such equipment, the
patients would either not receive optimal diagnosis and treatment or receive more costlier

procedures (30). The challenge is to optimize the use of existing resources.

Health care and radiology

Radiology, especially the diagnostic part of it, is a large discipline (or field).
Radiology is mainly handling referred patients and cannot to any substantial degree influence
its patient selection.

Radiologists' influence on method selection is limited, especially when resources
are diminishing. The radiologists with staff become more executors of demands without much
time for thinking of and making recommendations.

Radiology uses much high technology, can to a high degree use standardized

methods, can deliver diagnosis and can sometimes give well defined therapy. Radiology yields
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diagnosis which may be controlled shortly after, or radiology may be used for limited therapy
with reasonably immediate results (i.e. abscess drainage, installing catheters, performing
angioplasties). It may thus be a useful modality for economic research. However, in order to be
of use for the patient much research on cost-effectiveness has to consider and assess patient
outcome which has been uncommon in radiological economical investigations. In the present

thesis only one (III) of the later investigations deals with patient outcome.

Radiology, medicine and the society

A major aim of the present investigations was to look into the allocation of resources
within a radiology department. However, a short discussion on the use of resources for health
care may give an improved understanding of the problems. Sweden and Norway have many
similarities within health care structures. This applies especially in radiology. Accordingly, the
issues discussed in this thesis will be mainly the same for the hospitals involved in this thesis.

In developing countries the resources for health care has diminished for several years
(37). In the western world the pattern is more uneven (37). In the Nordic countries there has
been a reduction in spending for health care in Sweden and a small rise in the spending in
Norway throughout the last 5-10 years (22,25). The present situation is that the two countries
have a pretty similar spending on health care(38,39).

The Nordic countries have politically controlled public health systems that account for
most of the spending on health care (22). However, politicians are influenced by the public,
interest-groups and health care professionals (22). It is difficult to achieve consensus-decisions
and to have them accepted. A consensus group made an attempt to make priorities in Norway
and among many other items tried to curb medical high-technology (23). The propositions of
the group regarding radiology have not been followed as the rise in high-technology
radiological equipment has been far larger than anticipated.

Whether or not these investments are justified, must be considered a political issue. At
present, few economic evaluations exist, making it difficult to decide upon whether or not to
invest public resources into radiology. It emphasizes the difficulties to optimally distribute
public goods (40).
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Radiology and the hospital

«The radiology department is the soul of the hospital.» This statement has been
accredited professor O. Olsson of Lund University in the sixties. The idea of having radiology
as the main diagnostic unit, selecting appropriate examination modalities and referring patient
for therapy is old (41). Many radiologists would agree, but the view is most likely somewhat
different in other specialties. The idea behind the statements, though, is worth considering.
Most patients have at least one radiological examination during a hospital stay. For wounded
and other critically ill patients, easy and fast access to radiological diagnosis is essential (32).
Handling a large amount of patients from various departments demands functional
organization, architecture and management (43,44,45).

This includes not only a well functioning radiology department, but also demands
optimal communication and transportation within the hospital. Articles V-VI just about
touches the problem. Within the follow-up of these investigations there were indications of
lacking transportation capacity which increased waiting time.

Improved effectiveness in radiology will increase hospital effectiveness.
Implementation of cost-effective methods needs close cooperation with referring physicians. If
waiting times causes reduced efficiency in radiology and thus lost income, it must necessarily

influence clinical department effectiveness.

Making priorities.

Analysis of costs, benefits and effectiveness

Radiologists may not understand the terms used in the literature of health
economy, like health economists may have difficulties in understanding the «insider’s
language» of radiology. The expressions have been defined in first part of the thesis, but some
frequently used phrases will be discussed.

Cost-minimizing, it is mainly a question of reducing costs. It does only to some
extent include such values as results obtained, i.e. whether a radiological examination becomes

better of worse. However, it does postulates that the results after a cost-minimizing procedure
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are of assumed equivalent values. The most used terms are cost-benefit, cost-effectiveness and
cost-utility. In a cost-benefit analysis, both costs and benefits are in monetary terms. This is a
problem as the outcome is improved diagnosis, improved survival or other non-monetary
goods. The effectiveness may be increased survival due to chemotherapy/some other treatment
or improved diagnostic accuracy. In radiology improved diagnostic accuracy is often
considered as effectiveness. In a cost-utility analysis, the utility also involves quality of life. It

is usual to count in quality adjusted life years.

Articles I-IV

All articles deal mainly with selection diagnostic strategies and economic analyses
based on the results, mainly cost-analyses. Articles I and III compare the cost-effectiveness of
new versus established methods. The cost-effectiveness of investing in new equipment is
considered in article II. Article IV deals with cost-effectiveness of screening.

Cost-minimizing analysis is defined as comparing two different methods which both
can obtain the same or equivalent diagnostic information and find which one of the methods
will be the less costly (1,2,3,46,47). Cost-effectiveness analysis in radiology, as used in this
thesis, compares two methods which are comparable in monetary terms and has the same
diagnostic purpose. The diagnostic accuracy will be the effectiveness.

Article I aimed at finding a model for assessment of internal costs and by comparing
two investigations showing the importance of cost-assessment as well as cost-minimizing and
cost-effectiveness analyses. In the department of radiology at HH cost-assessment was
performed of two radiological examinations of the upper urinary tract, intravenous urography
and ultrasonography, respectively.

The investigation was performed to achieve and scrutinize the costs of radiological
examinations and to scrutinize the basis for the costs. The hospital (HH) did not have
accounting for individual hospital departments. There were no figures of the costs for different
investigations. When new diagnostic procedures are being introduced, they are often parallel to
existing procedures, even if it is found that the new methods entirely fill the diagnostic needs.
In order to evaluate both cost-effectiveness and the use of resources, the costs of the imaging
methods have to be known. In article I, a method for performing cost-analysis is presented. It

also shows the impact of contrast media selection on the total cost.
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This study was initiated by several earlier investigations concerning the choice of
diagnostic method in examining renal and ureteral diseases (48-55). These investigations aimed
at finding at which clinical indications urography examinations could be replaced by
ultrasonography. Two articles suggested that there were reasons for reevaluating the views
upon what method to use (48,55). For the kidneys, ultrasonography has been reported as at
least equal in accuracy to urography (48-53). For ureteral diseases including calculi,
intravenous urography was found superior (50).

Some investigations have presented cost-effectiveness analyses in radiology (56-61).
In some articles fees for different services have been used as costs, thus looking at patient’s or
reimbursing institution’s costs (62-65). One cost-analysis in radiology was performed in
connection with the introduction of a Swedish internal market at the hospital (directly
translated “buy-sell” system), in order to clarify and help radiological departments when
calculating costs (66). This analysis only presented a model for analyzing costs and did show
some examples from one department only. The costs in articles II, V and VI are based upon a
cost analysis (67).

The cost-appraisal of ADS was performed in order to evaluate the economic effects
of investing in new equipment (II). It is might be considered a cost-benefit analysis of the
economic benefit of investing in ADSs. However, one may also call it a cost-minimizing
analysis: analyzing how to reduce costs and still achieve the same results. The aim of the
investigation was to calculate the exact costs and benefits of the investment, according to
traditional cost-benefit analysis principles(4,46).

Investments in radiology frequently concerns substantial sums. In a public health
system costs is the main concern. This investigation presents a cost-benefit analysis of an
investment which was done in order to improve working conditions. As it both improved
working conditions, removed the dark-room work, and the benefits exceeded the costs, the
investment may be said to be cost-effective and to give a pay-off.

Cost-benefit analyses are well known in economic literature, but rarely performed in
radiology. The articles found, have emphasized cost-effectiveness or efficiency. The present
cost-benefit analysis however was performed according to accepted economic principles
(4,46).

The second article investigates clinical usefulness and cost-effectiveness of a defined
procedure, CDS, using contrast medium angiography as gold standard (III). The intention was

to evaluate if the less expensive examination, CDS, was sufficient as a preoperative
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examination in patients with critical ischaemia. If CDS could completely or partially replace
angiography, a substantial saving could be done. In order to evaluate this, an investigation of
its clinical utility was performed and based upon this a cost-effectiveness analysis.

It is important, not only to evaluate the maximal efficacy of the investigations, but its
cost-effectiveness. According to existing literature, it is known that CDS at the present stage is
not as diagnostically accurate as angiography, especially in the abdominal aorta and pelvic
vessels (68-72).

The aim of the investigation was to find costs and diagnostic accuracy of the two
examinations and to compare the consequences of reduced diagnostic accuracy. A cost-
effectiveness analysis with the diagnostic accuracy as effectiveness could be achieved. The
analysis of costs of increased number of operations can also be classified as a cost-benefit
analysis (III).

Screening and radiology

Several screening programs for various diseases and conditions have been undertaken.
Contrary to the scarce literature concerning economics in radiology, the literature concerning
screening and screening methods is extensive (73-81). Expensive Radiological equipment and
skilled personnel makes screening expensive, contrary to most other screening programs, like
screening for cervical cancer (smears) (82) or cancer of the colon (blood in stools) (73). Within
radiology, mammography screening has been the most discussed (83-90), in Sweden, an issue
for argument and controversy (90).

There are several problems:

e the radiological method,

e the costs of the screening program and

o cost-effectiveness and cost-utility of a screening program.

To a lesser extent the same is true for CDH:

e What is the quality and accuracy of the method?

e What are the costs and opportunity costs of allocating personnel and equipment to a
screening program?

e What are the gains from the screening program?
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In Sweden a screening for breast cancer has been going on for several years and the
experiences gained reported (90). The accuracy and opportunity cost of the screening method
have been emphasized.

Other radiological examinations have been suggested for screening programs:
prostatic carcinomas and comorbid disease in patients with prostatic carcinoma (79), colonic
cancer (80) or routine ultrasonographic examinations of the abdomen (91). Such programs
have been proposed by physicians eager to «take care of their patients». This an honorable
thought, but few analyses of costs have been made. Large screening programs may reveal more
diseases, but may prove very costly (73). It is thus important that proper analysis of costs
versus improved health are being performed. This in order to make the proper priorities (9,25).

The large costs of most screening programs justifies economic evaluations (73). The
investigation of CDH (IV), calculates the cost-effectiveness of screening for a particular
condition, CDH. However, it shares the general problems of all screening: both sensitivity and
specificity of the examination must be high and the disease must be fairly frequent and a proper
treatment must be available (73-77). In order to perform a cost-effectiveness analysis,

investigations were performed both at HH and Hagavik Orthopedic Hospital, Bergen, Norway.

Loss of working time, articles V-VI

These articles investigate waiting-times in radiology departments. The basic idea
arouse as the radiographers complained upon patients being late. It was a general complaint
and a generally accepted problem which no one had ever tried to examine. It gave the idea to
the first investigations (V). The results and the comments of validity initiated further
investigations (VI). The aim was to find causes of waiting time and possible ways for
improvement. An investigation which was performed in order to control the results of the two
initial investigations (V,VI) was performed (not yet published, but these results are included in
the thesis). This last investigations also aims at looking into other factors influencing on
waiting time, outside the department of radiology. One initial finding is that it does not have
much effect on nurses at the department of radiology.

The investigations were made of how much time was spent waiting and the reasons

for time spent waiting: waiting for patients (68,V) or physicians(VI). The results of the control
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study are included in the result section of the articles V and VI. As idle within the department
time represents either loss of income and/or prolonged waiting lists for patients, it is important
to investigate and quantify it.

The impact of waiting for physicians or patients is that the personnel’s control of their
working situation is reduced which may reduce the effectiveness of the organization (69). The
basis given in the investigations presented here (V,VI and unpublished control), ought to

initiate further investigations into organization of radiology departments.
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Cost-analysis at EH

The costs found were based on information from departmental and central hospital
accounting concerning general costs of the hospital. The rent was given by Medichus, the
municipal housing “company”. Time studies on the different examinations were performed by
the author, dr. Geitung. Prices of expendable and fixed diagnostic equipment were according
to the prices paid by the hospital to the delivering firms. Total costs of the personnel were
found both by time studies and a total account of time for the personnel at each diagnostic
room.

The time studies were performed by 1) a survey without the personnel’s knowledge
2) a personnel self-registration 3) a registration of the physicians on time spent for reporting
examinations and for conferences with clinical colleagues. The time found at the survey and at
the self registration were compared and found to be approximately the same.

A control with the hospital administration accounting and the radiological
department’s budget was done to control that the sum of costs found at this analysis was the

same as the total costs of the department.

Costs in a department of radiology (article 1)

The investigation was based on IVU and US of the kidneys at HH in 1988. Time
studies were performed to assess the personnel cost. An appraisal of depreciation, costs,
hospital facilities and archiving were based upon departmental and hospital accounting (31). As
there were no prices set by the hospital and no rent on hospital areas, these figures were
assessed according to textbooks (2,3,4,46).

The principles for performing a cost-analysis have been described (1,2,3,4,46). This
article deals with costs for two specific investigations, ultrasonography and IVU of the upper

urinary tract.
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Cost-benefit of new equipment (article Il)

The investment in ADSs were costly, but saved personnel. This cost-benefit analysis
of the investment was based upon registrations of the amount of films processed in ADSs at
HH during 1989. The personnel resources and the methods for manual processing were calcu-
lated. From one remaining, conventional dark-room, estimations were made of the costs for
conventional dark-room personnel versus ADSs for the department.

On weekdays throughout 2 weeks registrations of the number of films processed were
made immediately before and after working hours, 07.45 and 15.15 o’clock, respectively. In
addition registrations were performed on Saturdays at 14.00.

Costs for labor, chemicals and maintenance as well as film consumption were supplied
by the Hospital Accounting Department. Studies were performed in the darkroom to assess the
minimum time for emptying cassettes, reloading and sending films through the conventional

processors.

Cost-effectiveness and clinical usefulness
(article IlI)

The clinical usefulness was used as a basis for a cost-effectiveness analysis of two
radiological examination methods in a prospective investigation.

1.During 1991, 53 consecutive patients referred for angiography of the lower
extremities were additionally examined with CDS and the diagnostic results of the investiga-
tions compared. When the review was performed, 49 records were available. During the same
period general costs for performing these investigations were calculated (see cost-analysis),
and, in addition more specific costs registered.
The form for registration of clinical efficiency and radiological results included:
1. comparison of the methods' efficacy in detecting occlusions and stenoses
2. evaluation of possible discrepancies between the two methods

3. clinical evaluation of whether or not the methods were adequate for planning surgery.
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The clinical evaluation, based on review of the clinical and the surgery records, was
the main factor for the assessment of diagnostic accuracy that gave the necessary data for the
cost-effectiveness analysis. The following questions were presented to the vascular surgeon:

1) Were both methods sufficient for adequate treatment?

2) Ifnot, was CDS sufficient?

3) Were you able to operate based upon the CDS findings and diagnosis?

4) if you had operated solely on CDS diagnosis (no angiography), what would the

consequences have been?

5) Would CDS diagnosis have lead to correct /incorrect treatment?

6) Would CDS diagnosis had any consequences for the operation and its result?

7) Would the hospital stay have been prolonged?

8) Would necessary treatment not have been given because of incorrect diagnosis either by
- CDS or angiography?

9) Would overtreatment (unnecessary surgery) have been caused by CDS or angiography?

Screening for CDH, article IV

Sensitivity and specificity of ultrasonography for CDH was found according to litera-
ture. The cost of ultrasonography was assessed at HH according to the same principles as
described in article 1. The cost of treating late discovered CDH was based on a survey of 26
late discovered CDH patients, all at HOH. The costs of operations and consultations were also
found at HOH. The information is based upon accounting at HOH (92) and interview with the
staff at HOH.

The ultrasonographic examinations were performed according to the Graf method
(93). The Graf method was routinely used at HH and the time consumption for one examina-
tion is based on time studies at HH. The time studies were based on the radiologists
performing these examinations. One radiologist was very experienced with the Graf method,

two others less experienced.
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The effect of waiting-time on the use of a

department’s resources (articles V-VI)

Waiting-time for patients arriving late or not at all (V), was registered by radiogra-
phers in two hospitals, HH and EH. The investigation was performed in three different 3-week
periods at HH (during 1987-1988) and two periods, one 3-week and one 1-week, respectively,
at EH (1991 and 1993), totally 65 workdays.

The registration was performed 07.45-15.00 at HH and 07.30-16.00 at EH. The
radiographers recorded both the amount of waiting-time and the numbers of personnel
involved, who could not be occupied elsewhere. Thus the true loss of efficient working time
was recorded and not the nominal loss of time.

A control investigation was performed at EH in 1994 (not yet published). It was
performed like the previous investigations including waiting time both for radiologists and
patients. This part of this investigation is included in the thesis. It was performed during two
weeks, totally 10 working days.

Time spent waiting for radiologists was recorded at EH during two periods, one
period during 8 working days (1991) and one period during 5 working days (1993), totally 13
workdays. The examinations required a physician’s participation: interventional procedures,
angiographies, ultrasonographies, fluoroscopies (barium meals and enemas, myelographies,
arthrographies, hysterosalpingographies and enteroclyses).

The estimated loss of income was based on the price list of EH (67). The assessment
was based upon the hypothesis that time not spent for anything else but waiting, could have

been used for performing similar examinations (3,66,94,V,VI).
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Cost-analysis, EH

The costs found during a cost analysis was used for the price list at the department of
radiology, EH. The results of cost calculation for a specific examination, angiography of the
lower limb, is presented in Table 1. Another cost used in the presented thesis was CDS, 1350
SEK (67).

Table 1

Item Cost
Capital cost 530
Catheters, needles, etc. 520
Contrast media 800
Working time 900
Film 150
Rent 110
Overhead 250
Department’s administration 65
Service and maintenance 100
Secr./arch./time scheduling 220
”Waist time” 350
Conferences 15
Common areas like corridors 30
Sum 4040

Table 1: All prices in SEK. Capital costs are based on the instructions of the municipality, 10
% amortization each year, 10 % interest rate. Work time is based on time studies, idle time is
the time not used working with the patient, but not necessarily wasted time. Work-time+idle-
time=total personnel time for the specific examination room. Rent is set by Medichus.
Overhead costs include all costs of all services provided the department from the hospital
administration or service departments. Secretarial costs include rent of the secretaries offices
and the department’s archive.




22 Economy in Radiology

Cost-analysis and cost-accounting, articles I-IV

The results in articles I and II are based on cost-analysis. In article I, the cost-analyses

of IVU and US are performed and the results are as presented in Table 2.

Table 2

UsS VU
Physician time 65 16
Radiographer time 0 122
Assistant personnel time 19 0
Archive, typing time etc. 33 33
Contrast medium 0 963
Film 35 150
Equipment depreciation 63 95
”Rent” (hospital facilities etc.) 19 19
Hospital depreciation 200 200
Total 434 1598

Table 2: This reflects the costs of US and IVU in 1988. The costs for contrast media has been
reduced since then. These presented costs are mostly approximations based on calculations of
general information from the hospital’s records (I, see materials and methods chapter).

Table 2 reflects 1988 costs at HH (I,31). Article I demonstrates the method for per-
forming a cost analysis. It defines a model for both capital depreciation and cost-analysis of
radiological equipment and examinations.

In article II a thorough cost-benefit analysis on investing in ADSs is performed. The
depreciation of the equipment is calculated as in article I. The results of the registration of use

and throughput of the ADSs are presented in Table 3.

Table 3

Average number of processed films Processor unit number

3 4 5 6 Total

Weekdays 07.45 - 15.15 33 160 124 56 373
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Weekdays 15.15 - 20.00 0 2 20 0 22
Weekdays 20.00 - 07.45 1 20 65 4 90
Total weekdays 37 186 214 66 485
Friday 15.15 - Saturday 14.00 9 59 286 0 354
Saturday 14.00 - Monday 07.45 0 32 171 0 203
Average daily processing 23 155 166 58 402

Average number of films processed in ADSs 3-6 at different times of the week. Note the low
utilization of ADSs 3 and 6.

In article III, a price list and the accounting of EH, are used as a basis for the cost-
analysis (67). The price-list of EH reflects costs, not prices (see:cost-analysis) In addition, the
exact costs of the angiographies are calculated, by using the same principles as in article I (see
chapter of cost-analysis).

In article IV costs are assessed at HH for performing the ultrasonography
examinations and at HOH for the costs of treatment of late discovered CDH (Table 4 and
Table 5).

In articles V-VI, total costs are based upon the price list at EH (67).

The cost pro ultrasonographic (US), and clinical (CL) examination, respectively, in NOK:
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Table 4
Ultra- Clinical
sonography examination

Physician time 35 18
Nurse or nurse's aid 20 20
Administrative routines 35 35
Film 10

Equipment depreciation 20

Hospital facilities 200 200
Service, maintenance, upgrading 10

Total 330 273
Cost per ultrasonographic and clinical examination (in NOK).
Table S

Extra costs Costs saved

Ultrasonography with clinical exam 16500000

(Ultrasonography without clinical exam)® (2850000)*

Overtreatment 400000

Treatment saved 3155620
Total 16900000 3155620
Total (3250000)* 3155620

Extra costs minus costs saved = approx. NOK 13.75 million

(Extra costs minus costs saved = approx. NOK 0)"

* Figures in parentheses apply if clinical examinations are abandoned completely.
® Calculated as 26xNOK 121 370

Estimated national costs of an ultrasonography screening program: extra costs incurred and
treatment costs saved; all costs in NOK at 1993 prices.
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Cost-benefit and cost-effectiveness analysis
the daily use of the ADSs (article I,table 1) and are found to be NOK 1.5 millions as

presented in Table 6.

Table 6

Year 1 2 3 4 5 6 7

Costs 936 800| 66 800| 66800| 66800| 66800/ 66800/ 66800
Benefits 454 200| 454 200| 454 200| 454 200/ 454 200| 454 200| 454 200

Net benefits | -482 600| 387 400 387 400| 387 400/ 387 400| 387 400| 387 400
Sum DNPV | -482 600| 369 000| 351 400| 334 700| 318 700| 303 500/ 289 100| 1483 700

Cost-benefit analysis of the investment for 4 ADSs, in Norwegian kroner (NOK). Interest rate
5%. Costs were initial investment + service and maintenance. Benefits were reductions in
personnel. The model according to Mishan (4).

In article II, the cost-effectiveness analysis is based on the clinical utility of color flow
Doppler ultrasonography. The diagnostic pathway the analysis is based on is presented in

Figure 1.
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Figure 1

Only ultrasound as
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Figure 1: It is a pathway for diagnostic procedures for CDS vs. angiography, if CDS is to be

the method of choice.
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Table 7
Occlusions Stenosis >50% Stenosis <50%
Examination | pelv fem leg | pelv.  fem leg pelv fem leg
Angio 15 3 3 9 1 0 8 3 2
CDS 12 1 1 1 2 0 2 1 0
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Table 7: Reflects the results in 15 patients where CDS was found inadequate for preoperative
diagnostics. In addition, CDS overlooked 3 aneurysms and 2 stenoses in the distal aorta of 5
patients requiring aorto-femoral Y-grafts.

A cost-effectiveness analysis is performed based on clinical results (table 7). The
effectiveness is calculated in reoperations, delayed operations and overtreatment which would
have occurred if only CDS had been used instead of angiography. Nine reoperations, three
delayed operations and two unnecessary operations instead of PTA would have been
performed, yielding an additional cost of approximately 790 000 SEK (III).

In article IV, the cost-effectiveness study demonstrates that a general ultra-
sonographic screening program would not be cost-effective. However, if few birth hospitals,
and the clinical screening (Ortolani’s test) is omitted and only defined risk groups are
examined, the screening program may be cost-effective.

Waiting time

One cost-benefit or cost-minimizing analysis
() and two cost-effectiveness analyses (lll,IV)
are presented. In Table 6, costs and benefits of
investing in ADSs are presented. Benefits are

based on

The loss of effective working time due to patients being late or not keeping appoint-
ments, was first assessed at HH. Subsequently, a similar investigation was performed at EH
(V). The results from the two first investigations at HH are presented (Table 8). These results
indicated that waiting-time represented a problem warranting further investigation (42). Similar
investigations were later repeated at HH and EH.

The loss of effective working time, as a result of waiting for doctors and patients,
was assessed at EH (38). Following cost-minimizing measures in the radiology department,

results of the first investigation were controlled.



28 Economy in Radiology

Table 8

The results from the two first 3-week periods at HH. The first period did to some extent come
in conflict with the holidays.

July-August November
Non-appearing
In-patients 13 49
Out-patients 29 54
Total 42 103
Appearing too late
In-patients 40 122
Out-patients 24 57
Total 64 179
Total loss (in minutes) 1700 3665

The overall results of the loss of working time, due to patients being late or not
keeping appointments, are presented in Table 9.

The annual loss of income during 1987-91 according to EH prices would have been
0.4 mill. SEK at EH and 1.3 mill. SEK at HH. The estimated loss at EH in 1993 would have
been approximately 2 mill SEK. Income losses because of time spent waiting for radiologists
were assessed to approximately 1.3 mill. SEK in 1991 and 0.6 mill. SEK (after cost-minimizing
measures) in 1993 (Table 10).

The results of the follow-up investigation in 1994 is presented in tables 11 and 12.

This last investigation was probably under best surveillance and thus the most reliable.
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Table 9
Minutes lost

1987-1991 1993
HH EH EH
Total Per pat. Total Per pat. Total Per pat.
In-patients 2594 16 240 22 1605 40
Out-pat 3577 16 765 29 650 33
Total 6171 1005 2255

Working time lost (in minutes) during three 3-week periods at HH and one 3-week period at
EH, 1987-1991 caused by patients arriving late, or not keeping appointments. The last figures
were based on one 1-week period at EH 1993. At EH 1991, in-patients were usually not
scheduled, which they were in 1993.

Table 10

Time spent waiting for physicians, including time spent by residents waiting for
help/instruction, was registered during two periods in 1991 and 1993, respectively. In 1991,
the investigation was performed during 8 week-days and in 1993 during 5 week-days.

Procedure Time lost (minutes)

1991 1993
Angiography, interventions 227 44
Fluoroscopy 210 35
Ultrasonography 120 90
Total 557 169

Table 11: Control study of time spent waiting, EH 1994 for patients being late of not keeping
appointments.. Note that EH now had introduced appointment-times for a large group of the

in-patients, in order to improve routines.

No of patients

Minutes lost

In-patients 40 1605
Out-patients 27 650
Total 67 22551 Table 12

Control study of time spent waiting for
physicians, including time spent by residents for help/instruction, performed 1994,
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Procedure
Fluoroscopy
Ultrasonography
Angiography
Total

Time lost est. income lost |

35 1800 |
90 5100
44 4800

169 11700




Discussion

Introductory comments

Diminished public spending makes health care economics an important issue.
Radiology, is one of the fastest growing medical high-technology specialties. However as
Radiology does not involve patient beds, it is regarded as suitable for rationalization. The
equipment is an important element of radiology. The technological development of the
equipment has widened the diagnostic possibilities as well as given the radiologists improved
possibilities to treat patients. However, CT and MRI have, among the public become symbols
of medical advances costing society ever more. This despite research evidence that CT is cost-
saving (30). Concerning MRI there is not enough research as to say what economic impact it
will have. In such a climate, the importance of research into resource allocation and the cost-
effectiveness of radiological procedures seems self-evident.

The importance of cost-saving in the two large hospitals and departments is evident.
However, cost-saving alone may not be the best way of allocating resources. Quality of the
work performed, the cost-effectiveness of procedures, effective utilization of personnel, and
time available in the different examination-rooms are factors to be considered (95). We have
investigated some of the problems, and proposed solutions.

Even with stagnating or diminishing resources, the expected demand from political
authorities, administrators, professionals and the public has been to maintain quality and
preferably quantity. A commonly agreed upon definition of quality in health care service is
«fully meeting requirements at the lowest cost» (95). The resources for health care in Sweden
and Norway have been supplied mainly by public funding since W.W.II. To control costs
politically induced rationalization of the services has been applied (22,25,40,42,). Even though
attempts to introduce demand-supply systems in a mainly public health sector have been tried
(e.g. Sweden and UK), the political community retains the main control (26,27,33,42,96).
Accordingly, it is difficult to apply market economic theories on Scandinavian health care as

political decisions rely on a diversified basis of interests and considerations (1,9,25,97).
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The amount of money spent on health care specifically, and in the public sector in
general, are political questions and decisions. The decisions influence the individual and
national welfare (40,98,99,100). However, this thesis does not discuss the problems of
national welfare systems. It concentrates upon the economy of radiology departments, and

factors important for well functioning departments and hospitals.

Cost-, cost-benefit- and cost-effectiveness-

analysis

It is essential for assessment of costs to perform cost-benefit and cost-effectiveness
analysis, which should be the basis when planning improvement in department economy and
management. It is also essential in order to calculate prices in a market system, whether
internal or competing externally (29,30,47,66,98). Article I presents a model for assessing
costs in radiology. Two defined examinations are being compared regarding costs. It is not
surprising that ultrasonography is cheaper than IVU, but it is unexpected that US can be so
frequently utilized, as shown in a simultaneously performed investigations (48-54). However,
IVU defends its role as primary examination, for ureteral calculi and urothelial tumors
(50,51,52,53,101). This shows the need not only for cost-analysis, but for both assessing
effectiveness and the examinations ability to detect the pathology in question. Another aspect
in is the difference in price relating to the type of contrast media employed at that time. The
prices for contrast media are today not that far apart and the non-ionic contrast media have
gained an overwhelming share of the market. In the introductory phase it was never-the-less of
public interest to evaluate costs versus side effects and complications of contrast media (12).

There was no detailed accounting for individual departments at HH, and thus it was
necessary to perform a cost-appraisals. Approximations had to be made, which make the
accuracy of the final figures somewhat uncertain. However, considerable work was done, in
order to obtain as accurate numbers as possible. At EH, each department was accounted for,
which made the cost-analysis easier and the figures more accurate. A detailed cost-analysis is
included in the thesis (see results chapter).

In article II is performed a cost-benefit or cost-minimizing analysis of an investment in
ADSs, showing the profits to be gained by a particular investment through staff reductions.

Further gains were the elimination of uncomfortable (dark room, odeur from developers) work
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stations might be eliminated (II). This clear-cut example demonstrates the benefit to the
department, with its positive aspects of service, maintenance, and influence on the daily work
(102,103).

Other investments may not be as clearly positive for the economy of department or
society, even if such investments offer new possibilities for examinations and treatment.
Investments in new equipment does not necessarily represent a cost saving, but must be
expected to enhance the public good through improved medical diagnosis and medical care
(104,105). However, when investing in new equipment economical aspects have to be
considered. In a cost-benefit analysis of a company the presented example (II) would turn out
as a sound investment. Other aspects to be brought into consideration are evaluation of need,
comparing of different equipment and, preferably, evaluation of more global health economic
aspects (1,106). The latter referring to investments that will change the present status of a
department or hospital or funding (1,25).

In article I11, is evaluated the effectiveness and the costs, by comparing an assumedly,
less expensive examination with an established and assumed more expensive investigation. The
analysis shows that CDS is considerably cheaper to perform than angiography (III). However,
the comparison of the clinical results, finds that CDS overlooks essential pathology, especially
in the distal aorta and the pelvic arteries(

Table 7). The assessment of clinical utility shows that the sensitivity of CDS is too
low to effectively be the sole preoperative investigation, and would ultimately result in
increased costs caused secondary to renewed investigations and/or incorrect treatment of
several of the patients. For the effectiveness of imaging procedures their sensitivity and
specificity are important, when too low, they will have negative effects 107,108). Technical
problems prevent CDS from obtaining acceptable results in the pelvis and distal aorta, even
though accurate results are rated in the thigh. Thus the less expensive CDS may supplement
angiography (III), e.g. in screening graft and endoprosthesis patency (109,110), monitoring
balloon angioplasty (106), and diagnosing iatrogenous arteriovenous fistulas (111).

Incorrect use of imaging or therapeutic procedure may increase costs (ITI,112). This
investigation emphasizes the importance of doing cost-effectiveness analyses based on clinical
effectiveness. Within radiology more such investigations ought to be performed.

The need to understand the economics of the health sector is increasing (113-118).
Globally, the health sector is increasingly analyzed by economists. Hospitals and department

will also have to increase their knowledge of hospital economy and relevant analyses.
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To define effectiveness and perform analysis according to the definition is a problem
when performing cost-effectiveness analyses within medicine (1-3). It is difficult to find two or
more methods, in all aspects equal concerning radiological diagnosis, surgical results or
survival or whatever is in question. In article III, a thorough comparison was performed in
order to see if the cheapest method, ultrasonography, was acceptable as a replacement. In
article I, the two methods were compared as to costs. When possible to use, ultrasonography
proves to be the most cost-effective. However, as ultrasonography can not always replace e.g.

IVU which makes the analysis difficult to perform and to interpret.

Screening, article IV

Performing general screening programs need large resources. Therefore it is difficult
to defend in economic terms. Society costs arise as the screening program is evolving. The
benefits (or the effectiveness or the utility) of the screening program are not immediate but are
expected to appear somewhere in the future. Screening for CDH it is means less late detected
babies with CDH. This results in less late detected babies with CDH, consequently less
treatment and assumed increased quality of life for the persons in question.

When planning screening it is important to consider 1) the disease and its conse-
quences; 2) the available method for cure; 3) the cost and cost-effectiveness of the screening
program; 4) the sensitivity and specificity of the screening method; and 5) the opportunity cost
of using skilled personnel for performing screening tasks (1,2,3,73,74,75,76,77,119,120,121).

Screening for CDH (IV) represents all the problems of a screening program. In
Norway, with its paucity of radiologists, screening would strain limited resources. The Graf
examination technique is used in article IV, as well as in the screening program in Austria (93).
and has given good results(119,122,123). Whether this or any other method could be used
without radiologists, thereby reducing costs, has not been investigated. Further investigation
are necessary to assess the potential cost savings.

CDH is not a frequent anomaly, therefore it is difficult to achieve the necessary
sensitivity due to the lack of numbers (76,107). The US examination is not easy to perform,
and thus, at least at present, requires skilled physicians(93,119,). These factors make it difficult

to achieve a cost-effective screening program (76,108).
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The current investigation demonstrates that a general screening program, including all
new-borns, is not cost-effective. However, by selecting children for examination from specific
risk groups, such a program will be close to cost-effective. By including a quality of life
improvement it may be justified as a cost-effective selective screening program, assumed that
CDH reduces the quality of life for a life-time. It is also assumed to reduce the amount of
coxarthrosis later in life.

In Norway, with mostly small hospitals, the number of newborn children at each
hospital will be low. In small units with rare positive results, an acceptable sensitivity rate may
be difficult to achieve. It is difficult to imagine an effective program for the entire
country(121). Even selective screening programs will be difficult to make cost-effective in

small hospitals.

Loss of efficient working time, articles V and VI

Proper utilization of personnel is vital for the efficiency of the departmerit as a whole.
Waiting time was investigated (V,VI) as one main efficiency problem. The comments from
radiographers, nurses and nurses’ aides during these investigations provided ideas for further
investigations. Finally a comprehensive overview of waiting time in the EH department of
radiology was performed and revealed several problems (94,V,VI).

The initial investigation (V) concentrated on time spent waiting for patients who were
either late or not keeping appointments. The next investigation estimated the consequences of
waiting for physicians (VI).

The investigation results were heavily dependent on good personnel, compliance
(V,VI). It became obvious that the number of registrations were proportionally dependent on
how well the authors surveyed the personnel. Non-announced controls revealed low rates of
registration with resulting low estimates of working time loss. We anticipated problems in
getting high, as has been reported elsewhere (124,125).

The errors in results due to failing compliance were impossible to estimate accurately.
However, there is reason to believe that one investigation at HH and two at EH have almost all
correct results as these investigations were followed daily by the authors. Based on this, the

underregistration has been estimated (see tables).
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The rationale for assessing loss of income caused by waiting is to assume that the lost
time could have been used for alternative examinations. This is, in practice difficult, but it is
never-the-less a way of estimating the magnitude of the problem and its economic conse-
quences. No prior radiological research exists, and little other literature has been published on
administrative problems of planning and managing radiological departments (45,126,127).
Management of personnel time has received more attention in the private sector (128).

Several interesting results were revealed. Time spent waiting for patients influenced
tightly scheduled planning of all the radiological examination rooms (V-VI). The results were
remarkable as in the last investigation at EH: after presentation of the previous results attempts
were made to improve the situation but paradoxically the loss of effective working-time
increased. According to radiographer’s comments, later confirmed by comments from the
surgical nurses, an important factor contributing to this increasing loss was inadequate
transportation capacity. This example emphasizes the importance of both interdepartmental
communication and communication between departments and hospital management. With
strategic planning, factors that have an influence on the flow of patients between departments
must be seriously considered. At EH, during this same time period, a cost-saving plan included
a reduction in the number of transporters. This plan probably caused a larger income loss due
to the resultant loss of effective work time in service departments, than it saved money.

Residents waiting for assistance from supervisors (VI) caused much lost effective
working-time both where the supervising radiologist was expected to be and where the
resident was waiting. In the follow-up investigation, the waiting time had shortened because of
two factors: the results of the first investigation was known and the investigative registration
mechanism may have been recognized. Secondly the residents participating at the follow-up
investigation were more experienced than those residents participating in the first investigation.
The results indicate the need for having a sufficient staff of experienced radiologists. Other
measures to reduce the loss of time would be to improve the management of personnel
(especially physicians) and to leave more decisions to radiographers. During the last twenty
years, radiology has become increasingly demanding on physician skills. However, the specialty
has not received a proportional share of radiologists (129,130,131). The present investigation
reveals is most likely a reflection of this lack of radiologists.

The loss of effective working time is worth scrutinizing both regarding time spent

waiting for patients and for radiologists. Planning and management expertise, capable of
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handling these problems are needed. The results based on V-VI indicate the magnitude of the

problem, and the importance of addressing the issue in planning and management departments.

Errors in the investigations and problems with

making the resuits global

It is necessary to have access to all relevant data to perform cost-analysis. As the
costs at HH was difficult to differentiate for individual approximations had to be performed
(LIILIV). At EH the costs were more precisely accounted for in each department assumedly
with more accurate results (ILIII). It should be remembered that evaluations of clinical
effectiveness may be biased by the physicians involved (I-IV). Concerning screening, long-term
cost utility analyses are desirable.

It turned out to be impossible to have a total compliance in the investigations
involving questionnaires (V,VI). However, some of the investigations were performed with a
tight surveillance and we consider them a standard.

It is accepted that it is difficult to globalize economic results from one country or one
hospital (7). This thesis deals with only two countries, one specialty and large hospitals. The
results may thus be representative for larger departments of radiology in Norway and Sweden.

Possible global results are: 1) economic analysis should be performed prior to
introduction of less expensive diagnostic method; 2) costs of diagnostic procedures are less
expensive than failed/suboptimal treatment because of incorrect diagnoses; 3) it is important to
manage waiting time, and to avoid idle time.

Some of the work involved in these articles could be used when making a price list
for an internal market at EH. There has been skepticism and discussions concerning internal
markets both in Sweden and United Kingdom (132,133). Prices for internal markets may not
have a great future, but knowing the costs of procedures will be at least as important in the
future as it is today (134). In such a context the works presented in the thesis will have an
impact and be of interest to management of radiology..

Another aspect of the thesis is the scrutinizing of comparable radiological

examinations. This is important in radiology as well as in many other areas of medicine. There
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is a saying that new methods do not exclude older methods. They just make up more work for
doing things over and over again. This is to some extent true, but not quite. If we look into the
number of angiographies performed at EH and HH from the introduction of the CT and until
today, we can see an enormous reduction (31,32). However, it did take its time to exchange
older procedures with newer, which in many way were even better.

To present costs as well as clinical usefulness of specific procedures (as in III) will be
an important question for planning investments in equipment. To scrutinize problems like
waiting time, will be of importance to the planning and management of departments. How to
avoid managerial and structural problems which cause time losses. To optimize the future of

radiology, the costs and the effectiveness of what is performed must be known.

Comprehensive discussion

The present thesis includes cost-analysis, cost-benefit analysis, cost-effectiveness
analysis, investigations of resource allocation, and some quality aspects. All of these factors
are within the context of obtaining the optimum use of the available resources in a department
of radiology. Depending upon the equipment available, we can choose which modality to
utilize to obtain diagnoses. If the selected modality is insufficient, either an additional or a
more expensive modality may be required to solve the problem. One such pathway to a proper
diagnosis, and the consequences of the choices, is presented (Figure 1). For several diagnoses,
the radiologist has different opportunities. Cost-effectiveness analysis defines not only the
least expensive method, but also the most effective method. It represents basic knowledge
necessary to optimize resource allocation.

During the last twenty years, imaging departments have experienced large technology
changes, with increasing total costs. The effects have not been extensively studied, although
limited resources require assessment of the economic demands (135,136).

The thesis has also emphasized the need to achieve and apply knowledge of the
resources used in radiology on the departmental level. Knowledge is essential in order to
obtain the best utilization possible of the radiology resources. Methods and equipment have
been looked into by performing cost-effectiveness analyses. The goal has not been to find the
absolute "class A" method, but a method providing adequate and sufficient diagnostic

information at the lowest cost. By analyzing costs, the need for medical professionals to think
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of and regard public spending as a part of their ethical considerations has been discussed,
namely: how to provide the best possible public service to as many patients as possible.

The waiting-time found in V-VI represents a problem of patient handling, scheduling
and management. Such problems should be considered in department planning. Communi-
cations and transportation systems influence the work in the radiology department more than
was expected. They also emphasize the importance of cooperation between departments.

Looking into the use of personnel, a field of unknown territory is in the process of
being charted. The time-losses found in these current investigations clearly identify a problem.
As the two hospitals are large, the problems may be caused by the management difficulties
inherent in large institutions as centralization and size may not be the key to success in

management.
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Conclusions

Radiology and radiology departments represent a more “closed environment” than
departments with beds, thus making economic appraisals easier to perform. In the first article
of this thesis, instruments and principles of cost-assessment were presented and described. It
shows the large differences in costs between two examinations of nearly equivalent diagnostic
value.

A well performed cost-appraisal is essential for cost-benefit and cost-effectiveness
analysis. Such analyses are essential in order to achieve optimum investment into equipment.
They are also necessary to find the most cost-effective algorithm and still achieve correct
diagnoses.

Using the cheapest equipment is not necessarily the most cost effective strategy.
Ultrasonography is per examination procedure, by far, less expensive than angiography and
intravenous urography. However, the sensitivity for vascular structures in the pelvis and distal
aorta, and the sensitivity for ureteral calculi, limit the clinical use, and reduce the effectiveness.
If only CDS would be used as preoperative examination for vascular ischaemia, total costs
would actually rise.

It is difficult to estimate the cost-effectiveness of screening procedures of different
conditions in order to detect them earlier. The presented investigation shows that screening for
congenital dysplasia of the hip, if given certain conditions, is cost-effective. However, a general
screening program for CDH would most likely not be cost-effective, as there are too few
positive results in a large population. The effectiveness is, however, limited to the gain in less
need for treatment of CDH. It does not include gains in improved quality of life.

Waiting-time represents a major problem for proper use of personnel resources in a
radiological department. Decreased transportation capacity may increase costs in a radiology
department. Too few specialized radiologists create waiting-time, due to the requirement for
supervision and control. In planning and administering departments, adequate personnel
resources, adequate transportation and communication between departments must be
considered. Improved scheduling routines, improved patient transport capacity, an increase of

qualified radiologists, and adequate administrative measures would improve the situation. This
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investigation presents a question to the administration of large hospitals and their complexity,

“are we coping”?



References 43

References

References in numerical order according to the text.

14.

Carlsson P, Rehnberg C.(eds) Hdlsoekonomiska perspektiv. SNS Forlag, Stockholm
1995

Drummond MF, Stoddart GL, Torrance GW. Methods for the Economic Evaluation of
Health Care Programmes. Oxford University Press, Oxford 1990.

Drummond MF. Principles of economic appraisal in health care. Oxford University
Press, Oxford 1990.

Mishan EJ. Cost-benefit analysis. George Allen & Unwin, London 1984; parts LII and
IV,V: 1-109, 154-281.

Mattsson B. Cost-benefit kalkyler. Esselte studium. Akademiforlaget. Goteborg 1988.
Udvarhelyi IS, Colditz GA, Rai A, Epstein AM. Cost-Effectiveness and Cost-Benefit
Analysis in the Medical Literature. Annals Internal Medicine 1992; 116:238-244

Petitti DB. Meta-Analysis, Decision Analysis, and Cost-Effectiveness Analysis. Oxford
Univ Press, New York 1994

Mooney G. Key Issues in Health Economics. Harvester Wheatsheaf, New York 1994
Borgenhammar E. Att varda liv. Organisation, etik kvalitet. SNS Forlag, Stockholm
1993

Walker SR, Rosser RM. Quality of Life Assessment. Kluwer Academic Publishers,
Dordrecht, The Netherlands, 1993

Cosgrove D, Meire H, Dewbury K (eds). Abdominal and General Ultrasound. Churchill
Livingstone, Edinburgh 1993; pp 1-35

Carr DH. Contrast Media. Churchill Livingstone, Edinburgh 1988.

Seldinger SI. Catheter replacement of the needle in percutaneous arteriography. Acta
Radiol 1953; 39:368-376

Petterson H (ed). A Global TextBook of Radiology, NICER Inst, Oslo 1995; pp 143-
165



Economy in Radiology

1.

16.

17.

18.

19.

20.

21,
22

23,

24.

25.
26.
27.
28.

29.

30.

31.

32.

33.
34.

Folsing A. Wilhelm Conrad Réntgen. Aufbruch ins Innere der Materie. Carl Hanser
Verlag, Miinchen 1995.

Eisenberg RL. Radiology. An Illustrated History. Mosby Year Book Inc. St. Louis 1992
Wilks R. Principles of Radiological Physics. Churchill Livingstone, Edinburgh 1987.
Felix R, Fischer HW, Kormano M, Paulin S, DeSchepper A, Skalpe 10, Speck U, Wolf
KJ. Contrast Media from the Past to the Future. George Thieme Verlag, Stuttgart 1987.
Swick M. The Discovery of Intravenous Urography: Historical and Developmental
Aspects of the Urographic Media and their Role in other Diagnostic and Therapeutic
areas. Bull NY Acad Med 1966; 42:128-151

Wilkinson JA. Congenital Displacement of the Hip Joint. Springer Verlag 1985; chaps
4-8:43-150

Kuhnle S. Velferdsstatens utvikling. Universitetsforlaget, Oslo 1983

Rehnberg C. The organization of public health care. Linképing Studies in Arts and
Science, Tema, 58. Linkoping 1990

Lenning I(chairman) et al. Retningslinjer for prioriteringer innen norsk helsetjeneste.
Norges offentlige utredninger, NOU 1987,

Wolfe JR. The Coming Health Crisis. The Univ of Chicago Press, Chicago 1993

Grund J. Helsepolitikk. Effektivisering, spill eller utvikling? TANO forlag, Oslo 1995
MacEwan D. RSNA president defends high-tech imaging. Diagn Imag 1985; 25-28
Thatcher M. The Downing Street Years. Harper Collins Publ, London 1993

Vik LJ. Pengene og livet. Utviklingstrekk ved norsk helsevesen. Kommuneforlaget, Oslo
1992

Johansen KS, Racoveanu NT. Big ticket health economy: Is rational utilization possible?
Med Progr Techn 1991; 17:85-91

Gothlin JH. Cost/Benefit of High Technology in Diagnostic Radiology. Eur J Radiol
1987; 7:157-159

Year report 1988, Haukeland hospital, Bergen, Norway

Year reports 1991-1995, East hospital, Gothenburg, Sweden

Halfpap B. What does health really cost? Electromedica 1986; 54:19-30

Margulis AR. Radiologic imagng: changing costs, greater benefits. AJR 1981; 136:657-
665



References 45

3S.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

Margulis AR, Shea W] jr. Advances in imaging technology and their impact on medicine.
Brit J Radiol 1986; 59:309-315

Tateno Y, linuma T, Takano M (eds). Computed Radiography. Springer Verlag, Tokyo
1987

Abel-Smith B. The world economic crisis. Part 1: repercussions on health. Health Policy
and Planning 1986; 1:202-213

Statistisk sentralbyrd, Statistical reports of the last ten years, concerning health care
Statistiska sentralbyran, Statistical reports of the last ten years,concerning health care
Mueller DC. Public Choice II. Cambridge Univ Press, Cambridge 1989

Gothlin JH. Diagnostisk radiologi-eller medisinsk billeddiagnostikk? (Diagnostic
radiology-or diagnostic imaging?) Tidsskr nor leegefor 1983; 103:1403-05

Anon. Making the best use of a Department of Clinical Radiology, The Royal College of
Radiologists, London 1993; pp 50-68 (A&E and Trauma)

Gothlin JH. Planning a department of diagnostic radiology: good and bad 5 year result.
ISPRAD V, Florence 1988; pp185-187

Romeo MA, Baird CV, Skrtich P, Stolberg HO. A functional radiology model for the
1990’s. ISPRAD V, Florence 1988; pp 106-111

Manton DJ, Roebuck EJ, Fordham Gl. Building and extending a radiology department.
Royal Soc of Med Services, London 1988; chap. 7:31-36

Quirk JP. Intermediate Microeconomics. Science Research Associates INC, Chicago
1983; chaps 11 and 13: 217-240, 265-286

Johannesson M, Jonsson B. Economic evaluation in health care: Is there a role for cost-
benefit analysis? Health Policy 1991; 17:1-23

Aslaksen A, Gothlin JH. Ultrasonography versus excretory urography: Value in urologi-
cal disease. Eur J Rad 1988; 3:179-180

Aslaksen A, Baerheim A, Hunskaar S, Gothlin JH. Intravenous urography versus ultra-
sonography in evaluation of women with recurrent urinary tract infection. Scand J Prim
Health Care 1990; 8:85-89

Aslaksen A, Goéthlin JH. Ultrasonic diagnosis of ureteral calculi in patients with acute
flank pain. Eur J Rad 1990; 11:87-90

Aslaksen A, Gadeholt G, Géthlin JH. Ultrasonography versus intravenous urography in

the evaluation of patients with microscopic haematuria. Br J Urol 1990; 66:144-147



46

Economy in Radiology

52.

53.

54.

S5.

56.

57.

58.

59.

60.

61.

62.

63.

Aslaksen A, Gothlin JH. Ultrasonography versus urography as initial radiologic investi-
gation in patients presenting with macroscopic haematuria. Acta Rad Portuguesa 1990;
7:29-32

Aslaksen A, Halvorsen OJ, Gothlin JH. Detection of renal and renal pelvic tumours with
urography and ultrasonography. Eur J Rad 1990; 11:54-58

Aslaksen A, Gothlin JH, Geitung JT, Anker C. Ultrasonography versus urography as
preoperative investigation prior to hysterectomi. Acta Obstet Gynecol Scand 1989;
68:443-445

Gothlin JH, Gadeholt G, Hoiem L, Aslaksen A. The changing scene of radiology: Value
of urography as initial examination in infectious and hypertensive disease, haematuria and
malignant disease. Eur J Rad 1988; 8:135-139

Geitung JT, Hegrestad S, Larsen JL. Routine chest roentgenograms in stroke patients. A
cost-effectiveness analysis of a pilot study. Radiol diagn 1993; 34:25-26

Lindfors KK, Rosenquist CJ. Needle Core Biopsy Guided with Mammography: A Study
of Cost-Effectiveness. Radiology 1994; 190:217-222

Caro JJ, Trinidade E, McGregor M. The cost-effectiveness of Replacing High-
Osmolality with Low-Osmolality Contrast Media. AJR 1992; 159:869-874

Jeans WD, Danton RM, Baird RN, Horrocks. A comparison of the costs of vascular
surgery and balloon dilatation in lower limb ischaemic disease. Br J Rad 1986; 59:453-
456

Larson EB, Omenn GS, Lewis H. Diagnostic Evaluation of Headache. Impact of
Computerized Tomography and Cost-effectiveness. JAMA 1980; 243:359-362

Beecham RP, Dorfman GS, Spearman MP, Murphy TP, Scola FH. Is Bilateral Lower
Extremity Compression Sonography Useful and Cost-effective in the Evaluation of
Suspected Pulmonary Embolism? AJR 1993; 161:1289-1292

Kinnison ML, White RI, Bowers WP, Dunlap ED. Cost Incentives for Peripheral
Angioplasty. AJR 1985, 145:1241-1244

Schwartz LB, Panageas E, Lange R, Rizzo J, Comite F, McCarthy S. Female Pelvis:
Impact of MR imaging on Treatment Decisions and Net Cost Analysis. Radiology 1994;
192:55-60



References 47

64.

65.

66.

67.
68.

69.

70.

71.

T2

73.

74.
75.

76.
77.

78.

Tigges S, Stiles RG, Meli RJ, Roberson JR. Hip Aspiration: A Cost-Effective and
Accurate Method for Evaluating the Potentially Infected Hip Prosthesis. Radiology
1993; 189:485-488

Forman HP, Heiken JP, Brink JA, Glazer HS, Fox LA, McClellan BL. CT Screening for
Comorbid Disease in Patients with Prostatic Carcinoma: Is it Cost-Effective? AJR 1994,
162:1125-1128

Holm L, Holm T. Berdkning av kostnader for radiologiska atgdrder. Spri-rapport,
Stockholm 1990

Price lists East hospital 1992-1994, in Swedish

Polak JF. Arterial Sonography: Efficacy for the Diagnosis of Arterial Disease of the
Lower Extremity. AJR 1993; 161:235-243

Whelan JF, Barry MH, Moir JD. Color Flow Doppler Ultrasonography. Comparison
with Peripheral Arteriography for the Investigation of Peripheral Vascular Disease. J Clin
Ultrasound 1992; 20:369-374

Zeuchner J, Geitung JT, Lukes P, Gothlin JH. Angiography and colour flow duplex
ultraonography in the evaluation of peripheral ischaemic occlusive disease. Acta Radiol
1994; 35:270-274

Foley WD, Ericsson SJ. Color Doppler Flow Imaging. AJR 1991; 156:3-13

Cossman DV, Ellison JE, Wagner WH, Carroll RM, Treiman RL, Foran RF, Levin PM,
Cohen JL. Comparison of contrast arteriography to arterial mapping with colour-flow
duplex imaging in the lower extremities. J Vasc Surg 1989; 10:522-529

Neuhauser D, Levicki AM. What do We Gain from the Sixth Stool Guaiac? N Engl ]
Med 1975, 293:226-228

McDermott V. Screening for congenital hip dysplasia. Lancet 1991; 337:1421

Place MJ, Parkin DM, Fitton JM. Effectiveness of neonatal screening for congenital
dislocation of the hip. Lancet 1978; 248-251

Whitby LG. Screening for disease. Definitions and criteria. Lancet 1974; 819-821

Wilson JML, Jungner C. Principles and practice of screening for disease. Public Health
Paper No 34, Geneva, WHO 1968

Clark RA. Economic Issues in Screening Mammograpphy. AJR 1992; 158:527-534



48

Economy in Radiology

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Forman HP, Heiken JP, Brink JA, Glazer HS, Fox LA, McClellan BL. CT Screening for
Comorbid Disease in Patients with Prostatic Carcinoma: Is it Cost-Effective? AJR 1994;
162:1125-1128

Gelfand DW, Ott DJ. The Economic Implications of Radiologic Screening for Colonic
Cancer. AJR 1991; 156:939-943

Griffiths DAT. Economic Evaluation of Health Services. Concepts and Methodology
Applied to Screening Programmes. Rev Epidem et Sante Publ. 1981;29:85-101

Uhde A. Thesis, Univ Bergen

Gram IT, Lund E, Slenker. Quality of life following a false positive mammogram. Br J
Cancer 1990; 62:1018-22

Koning HJ de, Ineveld BM van, Haes JCIM de, Oortmarssen GJ van, Klijn JGM, Maas
PJ van der. Advanced breast cancer and its prevention by screening. Br J Cancer 1990;
61:292-297

Haes JCIM de, Koning HJ de, Oortmarssen GJ van, Agt HME van, Bruyn AE de, Maas
PJ van der. The impact of a breast cancer screening programme on quality-adjusted life-
years. Int J Cancer 1991, 49:538-544

Maas PJ van der, Koning HJ de, Ineveld BM van, Oortmarssen GJ van, Habbema JDF,
Lubbe JTN, Geerts AT, Collette HJA, Verbeek ALM, Hendricks JHCL, Rombach JJ.
The cost-effectiveness of breast cancer screening. Int J Cancer 1989; 43:1055-60

Koning HJ de, Ineveld BM van, Oortmarssen GJ van, Haes JCIM de, Collette HJA,
Hendricks JHCL, Maas PJ van der. Breast cancer screening and cost-effectiveness;
policy alternatives, quality of life considerations and the possible impact of uncertain
factors. Int J Cancer 1991; 49:531-537

Rosenquist CJ, Lindfors KK. Screening Mammography in Women aged 40-49 Years:
Analysis of Cost-Effectiveness. Radiology 1994; 191:647-650

Maas PJ van der (ed). The costs and effects of mass screening for breast cancer.
(Report). Department of Public Health and Social Med, Erasmus Universiteit,
Rotterdam 1987

Anon. Hdlsokontroll med mammografi. Kostnader och nytta. Spri rapport 298,
Stockholm 1990

Verbanck JJ, Aelst F van, Rutgeerts L, Demuynck H, Ghillebert G, Vergauwe P, Tytgat
H, Segaert M. The Impact of Routine Admission Abdominal Sonography on Patient
Care. J Clin Ultrasound 1988; 16:651-654



References 49

92.

93.

94.

9s.

96.

97,
98.

99.

100.
101.

102.

103.

104.

105.

106.
107.

108.

109.

Year report 1993, Hagavik Orthopaedic Hospital

Graf R. Sonographie der Sauglingshufte. Iiin Kompendium. Enke 1986

Geitung JT, Géthlin JH. Loss of working time because of patients not showing up or
coming late: methodology and quantification. In Planning considerations in diagnostic
imaging and radiation therapy. Pp 56-57 ISPRAD, Florence 1988

Qvretveit J. Health Service Quality. Blackwell Scientific Publ, Oxford 1994; preface and
chap. 1: xi-xii and 1-17.

Anon. Diagnostic and interventional radiology in Scotland into the nineties. Scottish
Home and Health Department. Edinburgh 1990 :

Evens RG. Health Care in a Single-Payer System. AJR 1995; 164:280-81

Anon. (editorial). Discounting health care: only a matter of timing? Lancet 1992;
340:148-149

Bretland PM. Costing imaging procedures. Br J Rad 1988; 61:54-61

Stieglitz JE. Economics of the Public Sector. W.W.Norton & Co, New York 1988
Corwin HL, Silverstein MD. The diagnosis of neoplasia in patients with asymptomatic
microscopic hematuria: A decision analysis. J Urol 1988; 139:1002-1006

Conway D. Experience with the first cassetteless radiology department. AJR 1987,
149:1069-1072.

Gadeholt-Goéthlin G, Fagerli T, Geitung JT, Géthlin JH. The frequency of technical
errors in an automatic daylight system. Eur J Radiol 1993; 16,3:243-245

Figley MM, Margulis AR. The impact of New Imaging Technology on Health Care,
Research, and Teaching: An International symposium. AJR 1987; 149:1111-1125

Evans RG. Chapter 10: Supplier-Induced Demand: some Empirical Evidence and
Implications.In: The Economics of Health and Medical Care. Macmillan, London 1974
@vretveit J. Purchasing for Health. Open Univ Press, Buckingham 1995

Brismar B, Jacobsson B. Definitions of terms used to judge the efficacy of diagnostic
tests: a graphic approach. AJR 1990; 155:621-623

Cormack J, Evill CA, Langlois SLP, Sage MR, Tordoff AM. Evaluating the clinical
efficacy of diagnostic imaging procedures. Eur J Rad 1992; 16:1-9

Mattos MA, Bemmelen PS van, Hodgson KJ, Ramsey DE, Barkmeier LD, Sumner DS.
Does correction of stenoses identified with colour duplex scanning improve infrainguinal

graft patency? J Vasc Surg 1993; 17:54-66



50

Economy in Radiology

110.

111.

112.

113;

114.

115!

116.

117.

118.

119.

120.

121.

122!

123,

Sacks D, Robinson ML, Martinelli DL, Perlmutter GS. Evaluation of the peripheral
Arteries with Duplex US after Angioplasty. Radiology 1990; 176:39-44

Cluley SR, Brener JJ, Hollier L, Schoenfeld R, Novick A, Vilkomerson D, Ferrara-Ryan
M, Parsonnet V. Transcutaneous ultrasonography can be used to guide and monitor
balloon angioplasty. J Vasc Surg 1993; 17:23-30

Roubidoux MA, Hertsberg BS, Carroll BA, Hedgepeth CA. Color Flow and Image-
Directed Doppler Ultrasound of Iatrogenic Arteriovenous Fistulas in the Groin. J Clin
Ultrasound 1990; 18:463-469

Doubilet P, Abrams HL. The cost of Underutilization. N Engl J Med 1984; 310:95-101
Johannesson M, J6nsson B. Economic evaluation in health care: Is there a role for cost-
benefit analysis? Health Policy 1991; 17:1-23

Parker RG. The “cost-effectiveness of Radiology and Radiologists. Radiology 1993;
189:363-369

Powe NR. Economic and Cost-Effectiveness Investigations of Radiologic Practices.
Radiology 1994; 192:11-19

Evens RG. The Importance of Economics in Academic Radiology (or ”Money Talks”).
Invest Radiol 1988; 23:227-228

Evens RG. Diagnostic Imaging in Cancer Care. The Role of Cost/Benefit Analysis.
Cancer 1991; 67:1245-1252

Rosendahl K, Markestad T, Lie RT. Congenital Dislocation of the Hip. Acta Ped Scand
1992; 81:177-181

Clarcke NMP, Clegg J, Al-Chalabi AN. Ultrasound Screening of Hips at Risk for CDH.
J Bone Joint Surg 1989; 71-B:9-12

Bjerkreim I, Arseth PH. Congenital Dislocation of the Hip in Norway. Acta Paed Scand
1978; 67:329-332

Rosendahl K, Markestad T, Lie RT. Ultrasound in the early diagnosis of congenital
dislocation of the hip: the significance of hip stability versus acetabular morphology.
Pediatr Radiol 1992; 22:430-433

Rosendahl K, Markestad T, Lie RT. Ultrasound screening for developmental dysplasia of
the hip in neonate: The effect of treatment rate and prevalence of late cases. Pediatrics
1994; 94:47-52



References 51

124.

125.

126.

127.

128.

129.

130.

131

132.
133.

134.

135.

136.

Brian Haynes R, Wayne Taylor D, Sackett DL (eds). Compliance in health care. Johns
Hopkins University Press, Baltimore 1979; Introduction and part 1: 1-45

Kosekoff J, Finck A. Evaluation basics. Sage Publications, California 1982; chaps
2:111-123

Saxton HM, Resource management and imaging departments (editorial). Clinical Radiol-
ogy 1991; 43:149-152

Bouchard E. Radiology manager’s handbook. Shepherd Inc. Iowa 1992; chap. 4:266-
270

Evens RG. Factors Affecting the Future Numbers of Diagnostic Radiologists. AJR 1994;
163:781-782

Smith WL. Factors Affecting the Future Number of Diagnostic Radiologists. AJR 1994;
163:777-779

Thornbury JR. Clinical Efficacy of Diagnostic Imaging: Love it or Leave It. AJR 1994;
162:1-8

Milkovich GT, Boudreau JW. Human Resource Management. Richard D. Irwin Inc.
Illinois 1994; pp3-6 and 113-147

Jensen SE. Inga snabba besparingar. Medicinsk Ekonomi+teknik 1994; 5:41-42
McGuire A. Where do internal markets come from and can they work? J Health Serv
Policy 1996; 1:56-59 '
Johnstone RE. Studies of Cost Savings Require Cost Measurements. Anaesth Analg
1994; 79:808-18

Warnock N. Developments in radiology: techniques new, refined and revisited. Iowa
Med 1993; 83:299-301

Hendee WR, Brown EF, Stanley RJ, Thrall JH, Zylak CJ. Colliding Forces in Radiology:
Technologic Imperative, Resource Limitations, and Accountability Demands. Radio-

Graphics 1994; 14:647-653



_Fwgtonr o

' Rl

1 1% J :
I‘H:t:l‘l"ll Ul T aidy Bl nd

“:‘u||l'q“|| ‘{||T
'W pe A Mamgs, 2 iy
N n'

(| LEL=a
- I

1 Ll 8
|
1l i A

b
o '.'ni n' DL S i
2

. , \i‘l m‘ III-(lll ||P I
|H}I”IJ|HJ'-| ||I'i';'iﬂ“l I - I'UI* ' PN

n.'f'l,' :, i ”.é:l.'lnli;..ﬂ.ﬁ'nm'l L
,H_—'.jh Wil o
: : rﬁlf' ';.77:"! 2 i 'Pﬂ..-ml !
P e AL
?"‘ i ru! o u-y"v.w.r‘l :Tl.uau' w |
et e
e B S8 R R 1

Pl o ]

Tk nel=my, 1'&,;!; maefyol 1L
l .Iliw i wdh wulq ¢J?uu14ml iwd
P e i
' o Y st
'Er.kﬂr" BT
q*'\ﬂl ot T
" o e Mllllfé*.,-“:"_'lll-,l o i

Pz q-&iﬁfm-?m}t P

wmam'q-t} Ly

=x il
4 | 15 J
e InE
"on Femas
1
1
-I l
™
" I ”ll i =
.F”.I
1 1




Acknowledgments

I wish to express my sincere gratitude to:

Professor of radiolog).' Jan H. Gothlin MD, who directed me into this kind of research and has
been my key source of inspiration in all of my research in radiology. He has been my mentor
throughout the entire period and was head of department at HH when I was a resident there.
As professor and chairman of institute both during my periods in Bergen and in Gothenburg,

he has been the person providing most of the help and guidance that needed in my research.

Bengt Zachrisson MD and Pavel Lukes MD as directors of the department at EH have not only

tolerated my research but encouraged the work I have done.

The staff at the Nordic School of Public Health have given valuable comments and advice
during my stay here in Gothenburg. I mention professor Edgar Borgenhammar Ph.D who has

encouraged me through the investigations.

All my colleagues at HH and EH for tolerating my works which often even included using

them as ”guinea pigs”.

All the personnel at HH and EH who have filled in my questionnaires and have tolerated being

watched as to time consumption and work-routines.

Professor of economics Aina Uhde Ph.D. gave me my first lessons in social economy beginning
during my time as a medical student. She gave me advice, set a path for me in understanding

economics.
All the co-authors to the presented articles, people who either have contributed to collecting

and/or understanding the material and results.

Goteborg University appointed assoc. Prof. Per Carlsson Ph. D. as referee for the thesis, he

has given valuable comments and ideas for improvement.



54 Economy in Radiology

Some American friends scrutinized the language. This had accordingly the effect that the
language changed from English to American English. I express warm thanks to them for a
thorough control of language and terms. They were professor J. Ohrt RN, staff radiologist H.
Ohrt MD , economist L. Haanes-Olsen MA and G. Haanes-Olsen BA.

My brother Atle Geitung M. Sc. has helped me with the use of statistics, computers and word

processing.



P& grund av upphovsrittsliga skl kan vissa ingdende delarbeten ej publiceras har.
For en fullstindig lista av ingaende delarbeten, se avhandlingens borjan.

Due to copyright law limitations, certain papers may not be published here.
For a complete list of papers, see the beginning of the dissertation.

GOTEBORGS UNIVERSITET



Tryckt & Bunden
Vasastadens Bokbinderi AB
1996









