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Summary

Inappropriate hospital admissions are defined as those which do not resuit in health
benefit for the patient or in such benefit that could have been obtained on a lower
care level. Studies from many parts of the world have reported high rates of such
admissions. It is commonly believed that they represent a potential for significant
cost reductions. However, this assumes that they can be identified at the time of
admission, and, furthermore, that their cost is comparable to that of appropriate
admissions. These assumptions were investigated in the Department of Internal

Medicine at the University Hospital of Tromsa.

At present, any intervention to reduce inappropriate admissions would have to
involve clinical judgement in one way or another. To explore the feasibility of this
approach, two panels of experienced clinicians used a two-round structured
consensus method for assessing the appropriateness of consecutive admissions to
the department during a six-week period. Both panels consisted of an internist, a
surgeon and a general practitioner, who were all board-certified. The panels first
tried to predict the appropriateness of the admissions solely from the information
available at the time of admission. After discharge, they then made a final judgement
of appropriateness with the additional information collected during the stay. To avoid
bias, one panel made the predictions and the other panel the final assessments for
half of the admissions, and vice versa for the other half. The assessments of
appropriateness were based on estimates of gains in life expectancy and quality of
life, and of necessary care level. The direct costs to the hospital of each stay were

estimated.

To explore the agreement between the panels, a 10% random sample of the
included admissions was assessed by both panels after discharge. This
demonstrated reasonable agreement about the assessments of health-related

benefits and appropriateness.

As judged by the panels after discharge, about one quarter of the admissions were
inappropriate. The health benefits were very unevenly distributed across the

appropriately admitted patients. A few patients had gains corresponding to life-



during or shortly after the hospital stay. The mean cost of the inappropriate
admissions was less than half that of the appropriate, and the inappropriate

admissions only accounted for 12% of the total costs.

When trying to detect inappropriate admissions on the basis of the information
available at the time of admission, the panels performed poorly. Only about a quarter
of the admissions judged inappropriate in the final assessment after discharge was
identified. About a tenth of the appropriate admissions was falsely classified as
inappropriate. The savings from denying care for admissions considered
inappropriate at admission, would have been modest. Health losses would have
occurred because some patients with health benefits would not have been admitted.
Compared to other medical interventions accepted as cost-effective, the potential

cost savings were small relative to the potential health losses.

It is concluded that efforts to reduce inappropriate admissions based on predictions
of health benefit and care level at admission are unlikely to result in savings that will

justify the health losses.



1. Introduction

The purpose of health care is to attain a state of “complete physical, mental and
social well-being and not merely the absence of disease or infirmity”, as ambitiously
formulated in the World Health Organisation's definition of health [1]. Although it is
recognised that health care is less important for this goal than political and social
conditions, the expenditures for health care are increasing steadily in all parts of the
world [2]. In Norway, they rose from 4.6 % of the gross domestic product in 1970 to
7.9 % in 1996. The corresponding percentages for the USA were 7.2 and 14.2, which
were the highest in the world.

Paraliel to this development, progress in medical science is creating a higher
demand for health care. A gap is emerging between what is technologically possible
and what society can afford. Already, in many situations, limited resources rather
than limitations in medical technology decide what can be done for patients. This
challenge has been met with various strategies for efficiency improvement, priority-
setting and cost-containment. While there is debate about which strategies should
be implemented, all seem to agree that health care that does not improve heaith
should be reduced as much as possible, and that health care resulting in only
marginal heaith benefits may have to be rationed. It is widely believed that the
reduction of so called ineffective or inappropriate health care could lead to
considerable savings which would allow us to provide better care for other patients
[3-5].

This belief provided the starting point for the Tromsg Medical Department Health
Benefit Study, which focused on inappropriate hospital admissions to a department
of internal medicine. The study was designed to investigate the relationship between
health benefits and costs, and to estimate the potential for savings by reducing the

number of admissions.



2. Background

2.1 The effectiveness of medical care

Research on inappropriate health care must be seen within the context of the debate
about the effectiveness of medical care in general, which has been going on since
the 1950s. Some of the most extreme critics of medical care have claimed that it has
very little or even a negative effect on population health [6-10). These claims were
supported by studies which indicate that health care has less effect on mortality and
morbidity than political and social factors [11-15], and by more anecdotal evidence
like the reduction in mortality observed during a doctors’ strike [16]. Others have
vigorously defended medical care against these attacks [1 7-22). Studies have shown
that the mortality from diseases amenable to medical treatment has declined [23-25],
and the point that mortality may be a poor indicator of the effects of modern medicine
has been made [26-28].

An important implication of the criticism of medical care is that much of it may be
unnecessary or inappropriate. Studies of different kinds of inappropriate health care

will be reviewed in the following sections.

2.2 Inappropriate health care - terminplogy

There is no universally accepted definition of the term “inappropriate health care” in
the literature although it is commonly used about care that provides no health benefit
for the patient. Other terms are used for specific instances of such care, as eg.
“inappropriate hospital days”. Though the subject of this thesis is inappropriate
admissions to hospitals, literature on both inappropriate admissions and other related

kinds of inappropriate health care will be reviewed.

2.3 Geographical variations in health care

Many studies have shown that there are geographical variations in care which cannot
be readily explained by medical factors. These variations have been taken as
indicators of inappropriate health care. The most important have been studies of
variation within small geographic areas. In a series of studies from USA, Wennberg
et al found large variations in hospital days, hospital discharges and surgical
procedures per 1000 persons in Vermont [29], and, later, in health care expenditures
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per capita between Boston and New Haven [30). These differences were not
associated with different mortality rates in the two areas [31]. Other investigators
have found significant variations in the rates of surgical procedures [32,33] and in the
rates of both medical and surgical procedures [34]. The same findings have been
demonstrated in other developed countries [35]. Geographical differences in the
utilisation of hospital care, rates of surgical procedures and use of perioperative total

parenteral nutrition have also been reported from Norway [36-38].

It is difficult to explain these variations by differences in the incidence of disease [39].
Rather, it has been hypothesised that they are caused by differences in physicians’
practice patterns. The greatest variations have been found for conditions for which
there is disagreement about diagnosis and treatment [29,30,34]. This has been
called the “professional uncertainty hypothesis” [40], and more research is called for
to fill the gaps in medical knowledge that presumably are the most important causes

of the variation [41].

A recent study investigated small area variation for a longer time period and
compared different methods of analysing the data. It was shown that the magnitude
of the variations depended on both the method of analysis and the time period,
indicating that the small area-variation in hospitalisation rates may vary substantially

less than has been previously reported [42].

2.4 Inappropriate medical interventions

It has been discussed to what extent the small area variation in care is caused by
inappropriate use of interventions for which there is reasonable agreement about the
indications. This issue has been explored by the RAND-UCLA Health Services
Utilisation Study (HSUS), where consensus about appropriate indications for six
medical and surgical procedures was developed by panels of expert physicians [43-
45). Using these criteria, the authors found that 17% of the coronary angiographies,
32% of the carotid endarterectomies and 17% of the upper gastrointestinal tract
endoscopies were inappropriate, but that this could not explain the geographic
variation in the use of these procedures [46]. Another study by Leape et al reached

the same conclusion [47].

The rates of inappropriate procedures reported in other studies vary. In the UK, the
rates for cardiovascular procedures were similar to those in the RAND-UCLA HSUS
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[48]. A study of second opinion of coronary angiographies for patients with stable
angina pectoris in Boston indicated that 50% of these procedures were unnecessary
or could be postponed [49]. In New York, lower percentages of inappropriateness
were found in a later study of coronary angiography (4%) [50], coronary artery
bypass graft surgery (2.4%) [51] and percutaneous transluminal coronary
angioplastys (4%) [52], but many procedures were carried out on uncertain
indications (20%, 7% and 38% respectively). Similar low rates of inappropriateness
have been reported from a consortium of academic medical centres in the USA [53]
and in Sweden [54].

Though some see these studies of inappropriate health care as heralding a
revolution in health care [4], others have attacked their methodological foundations
[55). The theoretical basis of the “appropriateness” concept has been questioned
[56] as well as the method used for establishing appropriate indications [57]. Data on
the method’s sensitivity and specificity have been called for, and it has been
suspected that the rate of procedures falsely judged inappropriate may be high [58].

2.5 Inappropriate hospital days

Other investigators have focused on inappropriate days spent in hospital. This was
the purpose of the Appropriateness Evaluation Protocol, which was developed in
1981 by Gertman and Restuccia [59). The implication was that such days could be
eliminated and costs reduced. An inappropriate hospital day was defined as one
where..

“...patients receive either services that provide no significant benefit or services that could be rendered
in a less costly lower-level institutional or outpatient setting."[59]

The Appropriateness Evaluation Protocol is a screening tool consisting of a
diagnosis-independent set of criteria for review of medical records by nurses. It has
been validated both against the judgement of one physician reviewer [59] and panels
of physicians [60,61], and has been found reliable in several studies [59-66]. Using
this instrument, rates of inappropriate hospital days ranging from 8 to 15% in
Switzerland [67], 28 to 49% in Italy [68], 15 to 44% in Spain [69], 46% in Portugal
[70], 12 to 39% in USA [60,71] and 29% in South Africa [63] have been found in
different types of hospitals and departments.
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2.6 Inappropriate hospital admissions

The first studies of hospital admissions characterised as “inappropriate” or judged to
confer the patient no health benefit appeared towards the end of the 1950s. One of
the earliest was Crombie and Cross' study of patients in the medical wards of a
Birmingham general hospital. They concluded that a quarter of them had “...no
diagnostic or therapeutic requirements at hospital level” [72]. Several studies were
carried out in the 1960s, finding percentages of inappropriate admissions ranging
from 1.6 to 50 in different types of hospital departments [73,74]. Most of these
studies used some form of physician judgement for detecting inappropriateness.

In the USA, concern over the rapid rise in expenditures for the Medicaid and
Medicare programs led to the establishment of Professional Standards Review
Organisations for performing utilisation reviews in hospitals by the early 1970s [75].
These reviews included studies of inappropriate admissions. After several attempts
to find a reliable method for detecting such admissions, the Appropriateness
Evaluation Protocol was developed by Gertman and Restuccia in 1981 [59].
Originally, the protocol was only intended to measure inappropriate days of hospital
stays, as mentioned above, but was later established as a tool for admissions as well
[66](Table 1). It has been validated against the judgement of physician reviewers
[60,61]. At about the same time, other similar sets of criteria were developed [61],
but have been less used than the Appropriateness Evaluation Protocol, judged from

the number of published studies.

In 1987, Payne reviewed the results of investigations of inappropriate admissions in
the USA [71]. She found percentages of inappropriate surgical and medical
admissions ranging from 10 to 40 in studies that had used the Appropriateness
Evaluation Protocol. In the late 1980s, the Managed Care Appropriateness Protocol
was developed on a commercial basis by one of the originators of the
Appropriateness Evaluation Protocol [75]. In a MEDLINE search, | was not able to

find any studies using this instrument.

Since 1990, few studies of inappropriate admissions in the USA have been
published. On the other hand, there are numerous studies using the Appropriateness
Evaluation Protocol from other parts of the world. Six per cent inappropriate
admissions were found in a teaching hospital in Australia [76]. In Europe, the

protocol has been used in a co-ordinated effort to assess inappropriate admissions
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by the European Union [77,78]. Using various modifications of it in different kinds of
hospitals and departments, percentages of inappropriate admissions ranging from
1.3 to 25 were found in Portugal, Spain, Italy, Switzerland and France [67-70,79]. In
Britain, the Bed Study Instrument, a closely related instrument, has been used in
some studies where low rates of inappropriate admissions have been found, in one
study less than 1% [80]. This study has later been criticised on methodological
grounds [81]. A recent study from the UK found approximately 20% inappropriate
emergency admissions to a department of general medicine and care of the elderly

[82].

In Norway, three studies have assessed the appropriateness of admissions to
departments of internal medicine as judged by the attending physicians. Mosvold et
al investigated whether admissions to Aker Hospital in Oslo could have been
avoided. This was found to have been the case for 19% of the admitted patients [83].
In a later study from the same hospital, the percentage had dropped to 4 [84]. Even
though the first study was referred to in a publication from the latter [85], the
difference between the two studies was not commented. @ie et al let discharging
physicians assess whether admissions to the department of internal medicine at the
Diakonissehjemmet Hospital in Bergen could have been avoided. This was found to
have been the case for 42% [86]. An observation unit was specified as one of the
alternatives to admission. If stay in such a unit had been defined as an admission,
the percentage would have decreased to 20.

These three studies used a form of clinical judgement called implicit review, i.e.
explicit criteria were not used [71]. Three other studies from the northern part of
Norway did use criteria for health benefit to evaluate admissions to departments of
internal medicine at local hospitals. Sander found that 48% of the patients admitted
to Kirkenes Hospital did not achieve any benefit as judged by one reviewer according
to three criteria for benefit [87]. From Narvik Hospital, Seip et al reported that only 1
of 600 patients did not benefit {88]. This study did not specify its method for
assessment of benefit. In 1983, Syse et al repeated Sander’s investigation at
Kirkenes Hospital. They included a study of the agreement between two reviewers
using Sander’s criteria and found a kappa-statistic of 0.53. Thirty-five per cent of the
patients experienced no benefit [89], which was not very different from Sander’s

result.
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2.6.1 Factors associated with inappropriate hospital admissions

In 1987, Payne reviewed factors associated with inappropriate hospital admissions
[71]. She found that none of several patient characteristics tested in the reviewed
studies were consistently associated with inappropriate admissions. Siu et al
investigated the effect of cost sharing by the patient on the rate of inappropriate
admissions. No significant association was found, but cost sharing was found to
reduce the rate of appropriate hospitalisation [60]. In the same study, there was a
significant higher percentage of inappropriate admission of women [90]. In a more
recent study, Perneger et al studied factors in the patient's social situation
associated with inappropriate admissions in Switzerland. Better physical functioning
of the patient, lower mental health status of the patient's spouse, receipt of informal
help from family or friends, and hospitalisation by one’s own physician, were found to

predispose [91].

No hospital characteristic has consistently been found to be associated with
inappropriate admissions, though one study did find an association between
inappropriate admissions and number of beds in the hospital, and another with
shorter length of stay [71]. Physician characteristics may be important as one study
has reported great variation in the rates of inappropriate utilisation among physicians
within hospitals, and a significant effect of informational feedback [66,71]. One study
also found a higher percentage of inappropriate admissions by physicians licensed

for more than 15 years [90].

Three studies of inappropriate admissions according to diagnostic category found
wide variation in rates. Diseases of the blood and blood forming organs,
myeloproliferative disorders and digestive disorders had high rates in all of the
studies, while disorders of the eye, infectious and parasitic disease, pregnancy and

trauma had low rates [71].

Two studies did not find any association between admission rates and rates of

inappropriate admissions in different geographic regions in the USA [60,92].

2.7 The cost of inappropriate health care

Few studies of inappropriate health care have investigated its cost, but some studies
have explored the association between indicators of inappropriate health care and

cost. Most of these have been carried out in the USA.
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2.7.1 Poor prognosis and high cost

Several studies have examined the relationship between cost and survival from a
hospital perspective. Schroeder et al made a follow-up study of the 13% of patients
with the highest charges from nine acute-care hospitals in the San Francisco Bay
area in 1976. After two years, 34% of these patients had died [93,94]. Zook and
Moore examined outcome at discharge in relation to charges for a random sample of
patients at six different hospitals in the same year. They found that 20% of the
patients with charges greater than the 80™ centile died in hospital, as contrasted by
4% of the rest [95]. Pompei et al also found a high mortality for patients with high
costs in a medical service at a New York Hospital in 1984 [96].

These studies suggest that the average cost of patients with a poor short- or long-
term prognosis is higher than for other patients, which could indicate a waste of
resources. This issue has been investigated more directly in several studies from
intensive care units in the USA and in some studies from Europe. The reason for the
special interest in these departments in the USA is that there are more intensive care

unit beds per inhabitant here than in any other country [97].

Detsky et al investigated hospital charges for survivors and non-survivors in a
general combined intensive and coronary care unit from 1977 to 1979. He found that
the charges of the 9% who died were about the double of those who survived. These
9% incurred 17% of the total charges in the study period [98]. Higher costs for non-
survivors in a medical intensive care unit were also found by Fedullo et al for some
age groups, but only small differences when the total hospital charges were
compared [99]. In 1984, Oye et al found that the high-cost 8% of patients in a
medical intensive care unit used as many resources as did the low-cost 92%. The in-
hospital mortality was 71% in the first group and 20% in the second, and this
difference was statistically significant [100]. Similar results have been reported from
studies of intensive care units in Sweden, Germany and Spain [101-103].

High costs have also been found for cancer patients. Schapira found that about three
fourths of cancer patients admitted to an intensive care unit spent less than three
months at home before dying, and that the cost of one additional life year for this
group was USD 82,000 for patients with solid tumours and USD 190,000 for
haematological cancers [104). In Finland, Holli and Hakama found that patients with
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breast cancer who died received more treatment than survivors. This study did not

include a cost analysis [105].

2.7.2 Medical costs at the end of life

Since the introduction of Medicare and Medicaid in USA in 1965, several studies
have explored the relationship between survival and reimbursement by these
services. They have uniformly reported that a disproportionately high percentage of
the expenditures are used by enrolees in their last year of life [106]. Lubitz and
Prihoda found that, in 1978, the 5.9% who died accounted for 28% of Medicare
expenditures. Furthermore, the intensity of resource utilisation increased as death
approached, so that 46% of the costs in the last year of life were spent during the
last 60 days [107]. This pattern has persisted {108,108}, and similar findings have
been made in other developed countries [110,111]. The implication is that a patient
with short survival in spite of high costs has only had small benefit from whatever

medical care he has received, and that these resources may have been wasted.

it was generally found that most of the costs incurred in hospitals. However, when
the distribution of costs were studied, few of the decedents had had costs that would
indicate treatment in intensive care units or similar costly life-supporting treatment
[107,109]. Consequently, the high average cost resuited from standard hospital
treatment with higher cost than for those who survive. Other studies have shown

wide variation with different causes of death, cancer being the most costly [112].

These studies did not investigate whether the care delivered to dying patients was
appropriate, i.e. whether these patients experienced improvement in quality of life or
at least some gain in life expectancy. In one small study, Scitovsky related the cost
of health care in the last year of life to the patients’ functional status. She found that
though the total cost was not influenced by the patient's degree of impairment, the
cost of hospital care was markedly lower for patients with low scores for activities of
daily living, instrumental activities of daily living and cognitive status [113]. instead,
these patients incurred higher costs for home health care and in nursing homes. If it
is assumed that these impaired patients had a lower probability than others of
achieving health benefits from more intensive treatment, these findings indicate that
health care for the dying may be more appropriate than is commonly believed.
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2.8 Interventions to reduce inappropriate health care

In the USA, different strategies for cost containment in heaith care have been
implemented. Many of these are parts of so-called utilisation review, which
“encompasses a broad, heterogeneous group of interventions, most commonly
involving the prospective review of decisions to admit patients to hospital and
perform certain procedures, but also including concurrent evaluation of inpatient care
and of the management of high-cost cases.”[114]. Utilisation review has grown into a
industry of its own, and its effect on medical care has been explored in several
studies. There is some evidence that utilisation review can reduce hospital costs,
mostly through reducing the number of admissions [115-117] and by shifting some of
the costs to outpatient care [118). However, as several investigators point out, little is
known about how this affects the quality and outcome of care. Even if utilisation
review programs are meant to reduce only inappropriate care, one study has
suggested that the reduction is more an unspecific effect of being reviewed than of
the application of the criteria in the program [119]. This could indicate that

appropriate hospital utilisation is being reduced as well.

In at least two studies, the Appropriateness Evaluation Protocol has been part of the
utilisation review. One of these found a reduction in the mean percentage of
inappropriate admissions to six hospitals from 6.9 to 3.3 after the program had been
implemented [74]. However, in a controlled trial, Payne et al found no effect of
feedback about the rate of inappropriate admissions to 11 hospitals in
Massachusetts, although there was a general decline in the percentage of
inappropriate admissions during the study period [120].

In Israel, two controlled studies of interventions to reduce inappropriate hospital days
have been performed for medical [121] and paediatric patients [122)]. The
intervention consisted of the requirement that patients who did not fulfil the criteria of
the Appropriateness Evaluation Protocol for an appropriate hospital day should be
discharged unless a consultant gave his consent to a continued stay. The studies
found a reduction of inappropriate days in both the study and control groups, but
greater in the study group. Because of methodological limitations of the studies,

these results are difficult to interpret.

Other studies have assessed the potential for savings by reducing unnecessary and
excessive care at the end of life. One approach has been to promote the use of
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advance directives which are given by patients to avoid futile life supporting
treatment against their wishes. However, Teno et al found that an intervention which
increased the documentation of such directives did not decrease hospital resource
use [123). In the same study, she demonstrated that the savings from reducing
interventions for patients at high risk of imminent death would only be modest [124].
An intervention to save resources through improved communication about
preferences for treatment between physicians and patients at high risk of dying was
ineffective [125). Emanuel and Emanuel reviewed the results of these and other
strategies for cost reductions at the end of life and concluded that the savings were
unlikely to be substantial [126].

2.9 Summary of the literature review

o There is great variation in the rates of inappropriate health care across different
studies. This applies both to interventions and to hospital stays. Some of this
variation is probably caused by differences in definitions and methods. However,
few investigators have reported rates below 10%. High rates have been reported
for both surgery and internal medicine and from countries in all parts of the
developed world. This indicates that health care which does not result in health
benefit for the patients is a serious problem.

« Several studies have shown that a large share of health care resources are used
on patients with short life expectancy. This applies both to patients hospitalised in
intensive care units and to patients at the end of life. While most of these studies
have been carried out in the USA, similar results have been found in several
European countries. Since these patients could only have achieved limited health
benefit from whatever interventions they had undergone, the implication is that
resources were wasted.

« Inthe USA, rates of hospital admissions and costs have been reduced through
various forms of utilisation review, but it has not been convincingly demonstrated
that interventions specifically targeting inappropriate admissions can obtain
savings. It is also doubtful whether it is possible to save resources for care at the

end of life.
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2.10 Limitations of previous studies of inappropriate hospital admissions

Cost analyses to quantify the potential cost reductions represented by
inappropriate admissions have not been performed. Some studies have
demonstrated substantial rates of inappropriate admissions without investigating
cost, while others have studied the cost of treating patients with short survival
without making explicit assessments of the appropriateness of the care delivered.
Short survival after a hospital stay does not necessarily indicate that the
admission was inappropriate, since the patient’s life expectancy and quality of life
might have been worse without admission.

To obtain savings by reducing inappropriate admissions, it is necessary that they
can be identified as such before or at the time of admission, i.e. before the results
of diagnostic and therapeutic interventions during the hospital stays are known.
None of the referred studies of inappropriate admissions made clear when in the
course of the hospital stay the judgement of inappropriateness was made.
Several of the criteria of the Appropriateness Evaluation Protocol are based on
information that can only be obtained some time after admission (Table 1). It has
not been shown that inappropriate admissions can be identified from information
available at admission with sufficient accuracy to obtain savings while avoiding
health losses from denying appropriate admissions.

Few studies provide a definition of the term “inappropriate hospital admission”.
Those who do, base their definition on the concept “health benefit” [59]. | am not
aware of any study of inappropriate admissions which has included a description
of methods for measuring health benefits. Furthermore, few of the studies use
physicians for evaluating admissions, but instead rely on research nurses and

screening instruments.
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3. Definitions and aims

In this thesis, the following definitions will be used:

o Health benefit: Improvement in life expectancy or health-related quality of life

from a hospital stay relative to a situation without admission.

e Inappropriate admission: A hospital admission which does not result in health
benefit, or which results in health benefit that could have been obtained on a

lower care level.

The aims of the study were:
e Primary aims

To investigate to what extent clinical judgement based on information available at the
time of admission can be used for identifying inappropriate admissions to a

department of internal medicine

To explore whether clinical judgement can in principle be used for reducing
inappropriate admissions and department costs without, at the same time, resulting

in unacceptable health losses.
e Secondary aims

To estimate the proportion of inappropriate admissions, and the share of the total

costs that they represent, in a department of internal medicine.

To study the agreement between expert panels for assessments of health benefit.
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4. Methods

4.1 Study population

During a six week period from 1% February 1993, all 521 admissions to the
department of internal medicine at the University Hospital of Tromse were eligible for
inclusion in the Tromse Medical Department Health Benefit Study (Figure 1).
Patients are sometimes transferred for administrative reasons after having been
treated in other university hospitals. These patients were excluded (n=3), as were
also patients admitted to the clinical research unit (n=2) and one patient whose
medical record could not be found. Readmissions occurring in the study period that
had been scheduled during a stay prior to the study period were excluded (n=27).
Most of these patients were admitted for evaluation or continuation of treatment.
Readmissions in the period that had been scheduled during a previously included
stay were merged with the primary admission (n=9). The number of admitted patients
was 462 of whom 17 had 2 separate included admissions, i.e. they had one un-
scheduled readmission in the study period. Accordingly, 479 admissions were
included in the study.

4.2 Design

Two expert panels were recruited, each consisting of an internist, a surgeon and a
general practitioner. Using a consensus method with two rounds, they estimated the
health benefit and appropriateness from each admission after discharge on the basis
of comprehensive summaries of all relevant information about the patient. To
investigate the panels’ ability to predict the health benefits, exactly the same
assessments were also made only from information available at admission. In the
following, the former will be termed “discharge assessments” and the latter
“admission assessments”. Bias from letting the same panel make both assessments
for the same admission was avoided by using two panels. Each panel assessed half
of the patients at admission and the other half after discharge and vice versa (Figure
2). The patients were randomised to each half using a random number generator. A
10% random sample was drawn to study the agreement between the panels. These

patients were assessed by both panels after discharge.
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4.3 Assessment of health benefit and necessary care level

4.3.1 Health benefit

Benefits from hospital stays can be classified according to different criteria. One
distinction can be made between benefits for the patients and benefits obtained by
other persons or society, e.g. relatives. One example is the benefit to society from
isolating a patient with a communicable disease. For practical reasons, we only

assessed benefits experienced by the individual patients.

Another distinction can be drawn between health-related benefits and benefits which
are unspecific effects of hospitalisation, as e.g. the provision of shelter for a
homeless person or relief from a difficult social situation. The latter type of benefit
can be defined as not resulting from specific medical treatment or care. In the
present study, an attempt was made to study both kinds of benefit.

A third distinction is usually made between life expectancy gain (LEG) and gainin
quality of life. In this study, both were estimated and the results presented in Papers
2 and 3. The time trade-off method was used for estimating gains in quality of life
[127]. This technique gives a measure of quality of life ranging from 0 (corresponding
to death or coma) to 1 (corresponding to full health). Its validity and reliability have
been established by others [128]. The questionnaires used for the assessments are

included in Appendix 1 and 2, and the details of the procedure explained in Paper 1.

In the literature, different reference groups have been used for measuring the quality
of life of health states. It has been discussed which groups should be used, since it is
known that the assessments of patients and e.g. physicians may differ [129].
Torrance says that “..The answer can be determined, in part, from the purpose and
the viewpoint of the study....” [127]. We wanted to examine the relationship between
use of resources and physicians' assessments of health benefit, which justifies the
use of physicians’ assessments of quality of life in this study. A more detailed

discussion of this issue can be found in Paper 1.

The two dimensions of health benefit can be combined in a measure of life
expectancy adjusted for quality of life. The most common of these measures is the
quality-adjusted life years (QALY) [130], which measures health outcomes as a
product of gain in quality of life and the number of life years that the patient get to
enjoy the health benefits. One QALY is equivalent to one year in perfect health.
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Although the use of QALY for prioritising has been criticised [131-1386], this measure
is now widely used. In the present study, the closely related measure healthy-years
equivalents (HYE) was used [137]. The properties of HYE relative to QALY are
subject to controversy [138-142]. The main difference is that while QALY are based
on health benefits in individual years being valued one by one and then added
together, HYE derive from holistic valuations of life scenarios. The latter approach
allows the valuator to take into account dependence between life years (contextual
effects), for instance the effect of prognosis. However, because it is more well-

known, the term “QALY” was used in Papers 4 and 5.

in principle, all benefits from hospital stays could have been measured in HYE.
However, our application of the time trade-off method had limited sensitivity for
benefits of short duration relative to the remaining lifetime of the patient. To illustrate
this, consider patients treated for chronic renal failure with hospital hemodialysis,
who have been found to have a quality of life around 0.50 in different studies (range
0.41 to 0.58) [143-147]. A gain of 1 HYE would be equivalent to restoring the life of
one such patient to full health for 2 years, which is a considerable gain. At the other
end of the scale, consider a patient with pain from a galistone attack which has
limited duration and can be effectively treated with drugs. This patient will probably
have a very low quality of life during the attack, e.g. 0.2, but because of its short
duration (e.g. 5 hours), the gain from treating the pain with analgesics could not
exceed 0.0005 HYE, which would have been the gain if the quality of life had been
raised from 0.2 to 1.0 while the attack lasted.

it would have been very difficult to measure this gain with our application of the time
trade-off technique. For this reason, it was necessary to measure quality of life gains
during or shortly after the hospital stay on an ordinal scale. Separate scales were
used for health-related short-term quality of life gain (HSQG) and non-health-related
short-term quality of life gain (NHSQG). The definitions of the different types of
health benefit estimated in this study can be found in Table 2 and more details in

Paper 3.

Diagnostic interventions sometimes resuit in a diagnosis without any improvement in
the patient's health. However, many patients will experience relief by being provided
with an explanation of symptoms and other manifestations of disease. The

elimination of a tentative diagnosis proposed by the referring physician may have the
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same effect. At least one study has shown that patients may be willing to pay for
diagnostic information, even if it does not result in any specific medical
consequences [148]. In the instructions to the expert panels, this type of

improvement in quality of life was explicitly defined as NHSQG.

It may also be argued that obtaining new diagnostic information should be regarded
as a benefit, regardless of whether it improves the quality of life of the patient. It is
certainly of value to physicians and the hospital to be able to solve diagnostic
problems, especially from the perspectives of research and education. The clinical
competence gained will benefit future patients. Since this study only aimed to assess
benefits for the included patients, we did not count diagnostic gains alone as a
benefit. However, the experts did assess whether a diagnosis that could explain

disease manifestations had been made.

4.3.2 Health benefit attributable to the hospital stay

To find the gain in HYE (AHYE) attributable to the hospital admission, it is necessary
to consider the patient's situation in the event that he had not been admitted or
treated elsewhere for his current health problem. The experts therefore made a
separate assessment of the patient’s expected remaining HYE for this situation, and
the gain attributable to the hospital admission was found by subtracting this amount
from the HYE expected after the stay. Assuming that the patients would not have
received treatment if not admitted is unrealistic, since many of them would then have
been treated on a lower care level. This was taken into account by making a
separate assessment of the care level necessary to obtain the health benefit (see

next section).

For patients with chronic conditions, one hospital stay may be only one of several
care episodes which occur over many years and which include treatment in other
departments as well as consultations in the outpatient clinic. All these separate
episodes can be said to be necessary, but none sufficient alone, for obtaining the
health benefit that ultimately results from the patient's contact with the hospital. E.g.
a patient with diabetes mellitus will have appointments for routine follow-up in the
outpatient clinic as well as stays for complications as diabetes coma, diabetic

nephropathy, diabetic retinopathy etc. The patient will probably achieve health
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benefit from his contact with the hospital, but there is no obvious way to apportion
this benefit to each of the care episodes.

In the present study, we defined the health benefit from an included stay as the
health benefit for which it was a necessary condition. This means that if the stay was
a part of a prolonged contact with the hospital for a chronic condition, the
assessment of health benefit took into account the expected effect of future care for
the same condition. E.g. if a patient with end-stage renal disease was admitted for
the initiation of hemodialysis, the assessment of benefit from this stay presupposed

that the treatment would continue after discharge.

4.3.3 Care level

The concept of appropriate level of care plays a central role in the cost containment
debate. The experts were asked to consider whether patients with health benefits
could have obtained the same gain on a lower care level. They were given the choice
between “primary care”, “outpatient clinic” and “hospital”. This was done as a part of

both the admission and the discharge assessments.

The University Hospital of Tromseg is a tertiary referral hospital, and many of the
elective patients are referred from local hospitals which represent a lower care level.
In this study, no attempt was made to distinguish between different levels of hospital

care.

4.3.4 Data

Both the admission and discharge assessments were made from summaries of
clinical information which were based on the medical record at admission and the
discharge reports respectively. To ensure that the admission summaries should be
as complete as possible, the project co-ordinator (B.O.E.), who is a board-certified
specialist of internal medicine, checked the medical records for completeness and
obtained missing information from the physicians and nurses in charge of the patient.
No information was deleted in the editing process, so that the full text of the medical
record was contained in the summary. The summaries were prepared before the
admissions were randomised. They were blinded for data which could identify patient

or physician.
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After discharge, the same procedure was applied to the discharge reports.
Information about planned interventions within two months after discharge was
included. It could be argued that a longer period would have improved the estimates.
While this is certainly true for patients with acute or subacute conditions, only
observation till death would have sufficed for some of the patients with chronic
diseases. Since the length of any period would have been arbitrary, we chose to

make the estimates as soon as possible after discharge.

Both the admission and the discharge summaries typically consisted of from 1 to 2
typewritten A4 pages. To avoid confusion, the admission summaries were printed on

yellow and the discharge summaries on green paper.

4.3.5 Expert panels and the consensus method

As explained above, the two expert panels made the same assessments at
admission and after discharge, with the difference that information collected during
the stays was available only for the discharge assessments. To investigate whether
the two panels could reach a reasonable level of agreement for making these
judgements, a random sample was drawn for assessments by both panels after
discharge (Figure 2). The panels were blinded to which admissions were included in
this sample. Results of the agreement study were reported in Papers 1,3 and 5.

The consensus method has been used for a wide range of problems where it is
difficult to obtain data by other methods. Its use in medicine has been reviewed by
others [149-151]. Our application of the method is a modification of the nominal
group technique. Hotvedt et al used a similar method in their study of the benefit of
helicopter evacuation, which also included estimates of gains in life expectancy and
quality of life [152].

Instead of using three internists, two specialists from other disciplines were chosen.

The experts were required to fulfil three criteria: They should

« be board-certified specialists with long practical experience

« not have any affiliation with the investigated department

« practice in northern Norway, so that they would be acquainted with the conditions
of health care in the region served by the department.
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The experts cannot be considered to be representative of their respective disciplines
in the sense that they were not randomly drawn from the population of all possible
experts. Rather, they were chosen because it was believed that they would be
especially capable of making the estimates required by the study. The justification for
this was that the study aimed to investigate whether the prediction of inappropriate

admissions was possible in principle.

4.3.5.1 Instructions to the experts

At the start of the study, the experts were convened for a thorough review of the
study protocol. The assessment method, and in particular the time trade-off method,
was explained in detail and discussed. The experts also received written instructions

(see Appendix 3).

in some studies, experts have been given reviews of relevant literature, as e.g. in the
RAND-UCLA Health Services Utilisation Study for establishing appropriate
indications for different procedures [43]. This was not possible in our setting, since it
would have involved literature from the entire field of internal medicine. Instead, the
experts were instructed to use the best evidence available in each case: randomised
controlied trials when possible, other empirical evidence or, as a final resort, pure

clinical judgement.

For the assessments of quality of life with the time trade-off method, it was
emphasised that the experts should use the instrument as if they themselves had
been in the patient's situation, as opposed to making assumptions about what the

response of a particular patient might have been.

4.3.5.2 Pilot study

A pilot study of 10 admissions was performed. This study, which only consisted of
one round, confirmed that the experts mastered the assessment method. From its

result, minor changes to the instruction manual were made (Appendix 3).

4.3.5.3 First round

Essentially the same procedure was used for the admission and discharge
assessments. The admission summaries were sent to the experts within 24 hours
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after admission, and the discharge summaries when the results of all diagnostic

interventions were available.

In the first round, the experts made their individual assessments at home. Agreement
in the panel about a particular admission was defined to exist when all the following

predefined criteria were satisfied:

« the difference between the maximum and minimum LEG estimates did not
exceed 25% of the average estimated life expectancy of the patient after the
hospital stay,

« the difference between the maximum and minimum LQG estimates did not
exceed 0.20

o the HSQG, NHSQG and care level assessments did not differ by more than one
category

o the assessments of diagnostic gain were identical

The cases with disagreement were selected for the second round. For both panels
combined, this amounted to 90% of the admission and 84% of the discharge

assessments.

4.3.5.4 Second round

In the second round, the three experts of each panel met to discuss the cases with
disagreement. These meetings were led by the project co-ordinator (B.O.E.), who did
not take part in the discussions except to clarify issues related to the protocol. The

admission and discharge assessments were discussed in separate sessions.

At the beginning of the discussion of each case, the project co-ordinator stated which
type of disagreement existed and the assessment of each expert. The experts then
read the summary, and the expert with the most deviating estimate gave the reason
for his or her assessment. The case was then discussed. An attempt was made first
to reach agreement about the patient's prognosis in medical terms, and then about
the estimates of health benefit. At the end of the discussion, the experts were given
the opportunity to revise their estimates. The median was taken to represent the
panel's assessment whether agreement was reached or not. For both panels

combined, there was still disagreement according to one or more criterion for 42% of
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the admission and 32% of the discharge assessments at the end of the second

round.

In each meeting, the cases were discussed in random order to avoid bias from
temporal changes in the experts’ estimates as far as possible.

Because agreement had to be reached for several measures, a high percentage of
the cases had to be discussed in round 2. During these discussions, the experts met
in Tromso for 2 to 3 days at a time. Discussions began at 8 AM and often continued
till 4 PM.

4.4 Cost analysis

Direct costs from the hospital’s viewpoint during the included stays were estimated
using the principles outlined by Drummond et al [153]. When two or more stays were
merged, the costs of all the stays were included. Data for the analysis were obtained
from the hospital's annual report [154], from the hospital's computerised account

system, from various clinical databases and from the medical records.

4.4.1 Capital and depreciation costs

Capital costs are not routinely included in the hospital accounts and were not
incorporated in this analysis. Neither does the hospital calculate depreciation costs of
equipment, but lists its cost when it is purchased. These costs were included, but
because considerable variation from year to year can be expected, they were
averaged over the years 1992, 1993 and 1994 for each department . We are aware
that this approach may over-estimate depreciation costs because it also includes
investment in new equipment in addition to renewal of the old. However, the method
was chosen because data for calculating the true depreciation costs were not
available. Since the costs of equipment, renewal and maintenance were only 3.1% of
the hospital's total costs and 0.7% of the costs of the department of internal

medicine, the error made from using this method was small.

4.4.2 Research and education

Research and education are integral parts of the activities of a university hospital and
may contribute to higher costs than in other hospitals. It was not possible to estimate
these costs separately at the level of the cost centres, and consequently, these costs
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were included in the calculation of unit costs for the patient-related services. Since
research and education of personnel are necessary to produce these services, this

seems justified.

4 4.3 Cost centres

Each clinical service department and each clinical department except the department
of internal medicine were defined as separate cost centres. Each ward of the
department of internal medicine, including the outpatient clinics, geriatric day care
centre and coronary care unit were considered as separate cost centres, as was also
the intensive care unit. The intensive care unit is a part of the department of

anaesthesiology.

4.4.4 Step down allocation of overhead

The step down allocation method with iterations was used to allocate overhead costs
to the cost centres, both for the hospital as a whole and for the allocation of
overhead costs within the department of internal medicine [153]. The allocation basis
was number of employees, square footage, number of admitted patients or number

of patient-days as appropriate.

In the accounts, physician salaries were included in the overhead costs of the
department of internal medicine. These costs were deducted from the overhead
costs and allocated to the cost centres in the department according to the actual
assignments of physician labour in 1993. The same approach was used for physician

labour in the intensive care unit.

4.4.5 Estimation of unit costs
4.4.5.1 Clinical service departments

4.4.51.1 Radiology, clinical chemistry, microbiology, immunology/haematology,
pharmacology, pathology, gastroenterology, dialysis

In the Norwegian health care system, inpatients are not charged directly, and the calculation of the
costs of services by these departments was based on the fee schedule for outpatients. The total
charges in 1993 of each department according to this schedule were calculated as if all patients had
been outpatients, and the cost-to-charge ratio was found by dividing the department's total costs after
allocation of overhead by this amount. The cost of each produced unit was then set at the charge
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according to the outpatient fee schedule multiplied by the cost-to-charge ratio for each department.
Information about department output was found in the hospital's annual report for 1993.

4.4.5.1.2 Physical and occupational therapy, social workers, clinical nutrition

For these departments, the cost per patient (social workers) or per consultation (physical and
occupational therapy) was found by dividing the total costs after allocation of overhead by the output for
1993.

4.4.5.1.3 Laboratory of cardiology

Fees for all the services provided by this laboratory could not be found in the outpatient fee schedule.
Instead, an investigation of actual costs of these services in a similar hospital was used in the same
way as described above [155]. Fees for some services that could not be found in this investigation
were set by clinical judgement after discussion with the head of the section of cardiology . The fee for
percutaneous transluminal coronary angioplasty was set at the fee fixed by the central heaith

authorities.

4.451.4 Laboratory of haematology

The total cost of this department was NOK 268,334 (USD 35,778), or only 0.3% of the total costs of the
department of internal medicine. The services of this laboratory were not registered for each patient. Its
costs were included in the department's overhead costs, and as such allocated to the wards according

to number of admissions.

4.45.1.5 Laboratory of pulmonary physiology

Of the services provided by this laboratory, only bronchoscopies, which were the most costly, were
registered for the individual patient. The cost of bronchoscopy was calculated as for the other service
departments. Clinical judgement was used for setting the fees of some services which were not found
in the outpatient fee schedule.

4.4.5.1.6 Referrals to other departments

Patients are sometimes referred for evaluation by physicians in other departments. We are not aware
of any commonly accepted method for calculating the costs of such referrals, and they were not

included in the present analysis.

4.4.5.2 Pharmaceuticals

The total cost of each pharmaceutical for the department of internal medicine in
1893 was obtained from the database of the hospital pharmacy. Drugs which
accounted for more than 1% of the department'’s total drug costs were identified. The
use of these drugs by each patient was registered from the medical records. The

costs of un-registered drugs were allocated to each patient on the basis of length of
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stay separately for each ward (see section 4.4.6.2 ). In 6 of the medical records, the
drug prescription forms could not be found, but in all cases it was possible to infer

the drugs used from information in the discharge reports.

4.4.5.3 Wards

4.4.5.3.1 Medical wards, including the coronary care unit

For each ward, the allocated overhead costs, the allocated physician labour costs and the nurse labour
costs were divided by the total number of patient-days for 1993 to obtain the cost of one patient-day for
each of these services. The cost of un-registered drugs for the individual patient was found by
subtracting the cost of the registered drugs from the total drug costs of each ward (see previous
section). The result was divided by the total number of patient-days for each ward to obtain the cost of
the un-registered drugs per patient-day.

The ward costs not accounted for by the categories physician and nurse labour, overhead or drugs
were labelled “hotel costs” and also divided by the number of patient-days to obtain unit costs.

4.4.5.3.2 Intensive care unit

The costs of this unit were treated in the same way as for the wards. Of the patient-days included in
the study, only 10 were spent in the intensive care unit.

4.4.6 Calculation of cost of each hospital stay
The cost of each stay was calculated as the sum of the cost of resources registered
for each patient, and the cost of resources apportioned to the patients on the basis

of length of stay in each ward.

4.4.6.1 Costs of resources registered for each individual patient

For each stay, all diagnostic and therapeutic interventions were registered from the
computerised and manual databases of the different service departments as well as
from the medical records. The cost of each resource was calculated from the unit

costs. A few resources were not registered:

4.46.1.1 Electrocardiograms

Electrocardiograms are routinely taken of all admitted patients. The cost of one was NOK 45 (USD 6).
We included the cost of one electrocardiogram for each stay.

4.4.6.1.2 Sternal punctures and bone marrow biopsies

These tests were performed by the laboratory of haematology, see section 4.4.5.1.4.
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4.4.6.1.3 Radiation therapy

Nine patients received radiation therapy in the department of oncology during their stays. The use of
this treatment was not registered for practical reasons.

4.4.6.1.4 Pharmaceuticals

These were partly registered for each patient from the medical records, partly allocated according to
length of stay, as described in sections 4.4.5.2 and 4.4.5.3.1.

4.4.6.2 Costs apportioned according to length of stay

Length of stay in each ward was obtained from the hospital database. The costs of
nursing and physician labour, overhead, “hotel” and un-registered drugs were
calculated separately for each ward, including the coronary care unit and the

intensive care unit.

4.5 Statistical methods

The distributions of LEG, LQG and HYE were highly skewed to the left because of a
high proportion of observations with the value zero. For this reason, statistical
techniques making assumptions about normality of the distributions could not be
used. Neither would any transformation make the distributions more normal because
any transformed distribution would still have the same proportion of observation with

identical values.

The bootstrap algorithm makes no assumption about the distribution of the
observations and can be used for estimating confidence intervals in this situation
[156,157]. The algorithm was implemented in a Microsoft Excel spreadsheet, using a
random number generator for obtaining resamples and a simple macro for iteration.
Software made especially for this purpose would have been much faster, but the use

of a spreadsheet has the advantages of rapid implementation and easy debugging.

In multivariate linear regression analyses with one of the abovementioned variables
as the dependent, inspection of the residuals made it clear that their variances were
not constant, and that they were not normally distributed. For the same reason as
above, transformations could not solve this problem. This precluded the use of
ordinary methods for calculating confidence intervals for the regression coefficients
which were therefore also estimated with the bootstrap algorithm.

Other statistical methods have been described in the individual papers.
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5. Results

5.1 Agreement between the expert panels about assessments of health benefit
and appropriateness

On inclusion, each admission was given a probability of 0.10 of being randomly
assigned to group 1 for which discharge assessments were made by both expert
panels for the purpose of studying inter-panel agreement (n=57) (Figure 2). The
results for the assessments of LEG and LQG can be found in Paper 1. These
assessments were classified in categories of no/low, intermediate and high gain.
Agreement was measured with the weighted kappa statistics, which was 0.45 (95%
confidence interval 0.18 to 0.73) for LEG and 0.63 (95% confidence interval 0.45 to
0.80) for LQG. This level of agreement is commonly characterised as “fair to good”
[158]. It was only slightly lower than that found for other commonly used clinical
methods [159], and higher than found in a review of agreement of peer assessment

of implicit evaluation of patient-care episodes [160).

To investigate the ability of the panels to identify groups with either high or low gain,
the agreement was also studied with a method based on log-linear models. This
demonstrated better agreement about assessments in the highest and lowest

categories for both measures.

Paper 1 also included a detailed description of the methods used for assessing LEG
and LQG, as well as a discussion of methodological problems.

Paper 3 reported the results of the agreement study for the measures of short-term
quality of life gain, i.e. the gains in quality of life below the sensitivity threshold of the
time trade-off method. The weighted kappa statistic for HSQG was 0.70 (95%
confidence interval 0.62 to 0.79) and for NHSQG 0.08 (95% confidence interval -
0.20 to 0.35) (n=57). While there was no agreement about NHSQG, the kappa
statistic for HSQG corresponded to good agreement.

Paper 5 included the result of the agreement study for the assessment of
appropriateness. The overall agreement was 0.75, the kappa statistic 0.41 (95%

confidence interval 0.15 to 0.68), i.e. fair agreement.
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5.2 Health benefits from admissions to a department of internal medicine

Paper 2 and 3 reported the panels’ assessments of the gains in life expectancy and
quality of life for the patients randomised to group 2 and 3 (n=422)(Figure 2).

5.2.1 Gain in life expectancy (Paper 2)

The distribution of LEG was skewed to the left with 61% achieving practically no gain
(<=0.10 years) while 5% had gains of 10 years of more (n=422). The mean LEG was
2.3 years (95% confidence interval 1.7 to 2.8). High age and the disease category
“undiagnosed symptoms” predisposed for lower gain in a multivariate regression
analysis, and “endocrinological disease” for high gain. Only one patient was judged

to have experienced loss in life expectancy as a result of the stay.

A probabilistic sensitivity analysis was performed to study the possibility that negative
effects had been under-estimated and positive effects over-estimated. A mean life
expectancy gain of 1.4 years was found when assuming a rate of iatrogenic life
expectancy loss 30 times that observed, with each case experiencing a loss
corresponding to 50% of the average remaining lifetime of a person of the same age

and sex in the general population.

5.2.2 Gain in quality of life (Paper 3)

LQG measured with the time trade-off method also had a left-skewed distribution.
59% had LQG equal to or less than 0.00, while 2% achieved gains >=0.50 (n=422).
The 59% without LQG consisted of 40% with only HSQG and 19% with no health-

related quality of life gain.

In a multivariate regression analysis with LQG as the dependent variable, high age,
emergency admissions and the diagnostic categories “endocrinological diseases”
and “pneumonia and influenza” were associated with higher gain (P<0.05). The
categories “undiagnosed symptoms” and “cerebrovascular diseases” were

associated with lower gain (P<0.05).

Since there was no agreement about NHSQG, it cannot be excluded that some of
the admissions without health-related benefits may have had improvements in quality

of life as an unspecific effect of hospitalisation.
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5.2.3 Diagnostic gain for patients not experiencing health benefit

In addition to the health benefit assessments, the expert panels assessed whether
the admissions had resulted in diagnostic gain (Appendix 1 and 2). The result of
these assessments have not been reported elsewhere and are included here for the
sake of completeness. The relation of this type of gain to health benefit was

discussed in section 4.3.1.

The kappa statistic for the assessment of diagnostic gain in the agreement study was
0.57 (95% confidence interval 0.34 - 0.80), i.e. good agreement (n=57). Of the 72
patients without either LEG, LQG or HSQG in group 2 and 3, 38 had received a
diagnosis that provided an explanation of disease manifestations (n=422).

5.3 The relationship between appropriateness and cost

In Paper 4, the LEG and LQG of group 2 and 3 (n=422) were expressed as gain in
HYE (AHYE) (the more well-known term “QALY" was used in both Papers 4 and 5).
The mean AHYE was 2.3 per admission, and its distribution is shown in Figure 3.
Seventy-two (17%) admissions resulted in neither AHYE nor HSQG, i.e. in no health-
related benefit. Thirty (7%) of the admissions with either type of benefit could have
obtained the same benefit on a lower care level. Consequently, there were 102

(24%) inappropriate admissions.

The direct costs to the hospital from each stay were estimated. The inappropriate
admissions had a lower mean cost (NOK 18,990 or USD 2,532) than the appropriate
(NOK 43,500 or USD 5,800) (difference USD 3,268; 95% confidence interval 1,025
to 5,511). When adjusting for the effects of gender, age, admission category and
diagnostic category in a multivariate regression analysis, appropriate admissions
were still associated with higher costs (P<0.001). The 24% inappropriate admissions

accounted for 12% of the total costs.

5.4 Prediction of appropriateness and potential for cost reductions

In Paper 5, the sensitivity and specificity for predicting that an admission would be
appropriate were estimated with the discharge assessments as the gold standard
(n=422). The potential costs saved and HYE lost from excluding the predicted
inappropriate admissions were estimated. Elective and emergency admissions were

analysed separately.
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For elective admissions (n=152), the sensitivity was 89% and the specificity 31%.
Denying admission for the 18% of elective admissions predicted to be inappropriate
would have resulted in savings of 9% of the total costs (95% confidence interval 5%
to 15%). At the same time, 5% of the AHYE from elective admissions would have
been lost (95% confidence interval 1% to 12%). If the sensitivity and specificity had
both been 100%, the number of elective admissions could have been reduced by

34%, and a cost reduction of 17% would have been achieved.

For emergency admissions (n=270), the sensitivity was 88% and the specificity 24%.
Excluding the 14% inappropriate emergency admissions would have resulted in
savings of 14% of the total costs (95% confidence interval 5% to 26%), and 18% of
the total AHYE from emergency admissions would have been lost (95% confidence
interval 6% to 34%). If the sensitivity and specificity had both been 100%, the
number of emergency admissions could have been reduced by 19%, and a cost

reduction of 10% would have been achieved.

If the predicted inappropriate admissions had been excluded, the savings per HYE
lost would have been USD 3,910 (95% confidence interval 1,887 to 21,548) for
elective admissions and USD 1,693 (95% confidence interval 474 to 6,525) for

emergency admissions.

A multivariate regression analysis demonstrated differences in the predictions
between men and women for elective admissions. If predicted inappropriate elective
admissions had been excluded, a higher percentage of costs would have been
saved (17% vs. 5%) and HYE lost (12% vs. 2%) for women than for men.
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6. Discussion

6.1 Health benefit

6.1.1 Validity of the health benefit assessments

A measure is said to be valid if it is unbiased relative to a gold standard. In the
present study, the gold standard for the health benefit assessments would have
been the results obtained by randomising patients to admission or denial of
admission. This would have provided a control group and made it possible to assess
the effects of the hospital stays as such. However, though at least two studies in the
1970s did use this design for selected patients [161,162), practical and ethical
problems made this approach unfeasible in the present study.

Another way of obtaining a control group would have been to look for patients who
had for some reason been denied admission, but who were otherwise comparable to
the admitted patients. This method has been used in a study comparing the mortality
in an intensive care unit to the mortality of patients who had been refused admission
because it was full or lacked trained nurses [163]. In the present study, it would have
been impossible to obtain a control group of sufficient size, since virtually no-one is
refused admission because of lack of capacity. Because of the heterogeneity of the
study population, the number of included admissions would have had to be very high
to ensure comparability between two groups for all relevant variables. Even in the

referred study, there was a difference in case-mix between the two groups.

Accepting that it was not possible to obtain a control group in this study, the second
best method would have been to assess health benefits on the basis of randomised
controlled trials (RCTs) of the therapeutic interventions the patients had undergone.
For several reasons, this was not possible. First, it is well known that many common
interventions have not been evaluated with RCTs. Ellis et al estimated that only 53%
of the treatments used in a department of general medicine were supported by this
kind of evidence [164]; a finding that was later reproduced in a study by Michaud et
al [165). Second, though many RCTs use gain in life expectancy as an endpoint, few
have so far included gain in quality of life. Third, there is a difference between
demonstrating a treatment efficacious in the carefully controlled setting of a RCT and

its effectiveness when used in daily clinical work [166). Last, the patients included in
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RCTs are often not representative of patients seen in clinical practice. In particular,
patients with complicating diseases are commonly excluded, which makes it difficult
to apply the results directly to all patients.

This left us with methods relying on clinical judgement, which have also been used in
almost all other studies of inappropriate health care [43,59,71]. This does not mean
that clinical judgement was used as opposed to a method based on RCTs. The
experts were instructed to use the best available evidence in each case, preferably
the results of RCTs. However, for cases where there was not sufficient empirical

evidence for making an estimate, the experts had to use their clinical expertise.

The method involved separate assessments of the expected health of the patients
with and without hospital admission, i.e. assessments of health in the future and in a
hypothetical situation. For some conditions, these estimates can probably be made
with a high degree of accuracy: A patient with meningococcal septicaemia who would
otherwise have died, may be restored to full health after successful treatment. For
other conditions, there will be greater uncertainty: An elderly overweight patient with
diabetes mellitus and manifestations of generalised atherosclerosis discharged after
having been treated with a thrombolytic agent for acute myocardial infarction, would
probably have had a worse prognosis without this treatment, but how great would his
life expectancy gain be? Comorbidity prevents us from applying the results of RCTs

directly to such cases.

There is little reason to assume that this and similar assessments can be made with
a high degree of precision and accuracy compared to the hypothetical gold standard
discussed above [167]. However, we would expect the clinical experts to be able to
make valid judgements on an ordinal scale of broad categories of gain. A similar
assumption about physicians’ predictive abilities underlies all ordinary clinical
practice. Although health gain, taken as the difference between two assessments,
has not been investigated, some studies have examined clinicians’ ability to predict
survival (Table 3). As expected, predictions of length of survival were not very
accurate, but the most of the studies showed a positive correlation between
predictions and actual survival. Several studies demonstrated good discriminative
abilities for assessments of probability of short-term survival. In most of these
studies, the estimates were made by only one physician. Estimates based on

consensus methods would probably perform better.
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Even if these studies lend some support to the assumption that panels of expert
clinicians can make rough estimates of health benefit, we cannot deny the fact that
the method used in this study has not been formally validated. The reasons for using

it anyway was threefold:

At present, there is no other method for estimating health benefit for unselected
patients to departments of internal medicine. An increase in medical knowledge
will hopefully enable us to make more precise estimates in the future. However,
there will probably always remain a gap between the knowledge provided by
research and that needed for assessment of the individual patient. This gap will
have to be filled by clinical judgement, as also admitted by the proponents of so-
called Evidence-Based Medicine [183]. Therefore, in studies like the present, we
will most likely never be able to do without clinical judgement.

Although assessment of health benefit was one of the aims of this study, its
primary aim was to explore whether clinical judgement could in principle be used
for identifying inappropriate admissions at the time of admission (section 3). At
the present, it is difficult to imagine a method for classifying admissions according
to appropriateness without relying on clinical judgement, either directly or for
validating screening instruments. Consequently, assessing appropriateness on
the basis of expert clinicians’ estimates of health benefit seems justified.
Estimates of the health benefits from health care programs are needed now.
Important decisions about priority setting and resource allocation are made from
surrogate measures of the effect of health care as number of treated patients,
waiting list lengths and others. It is tacitly assumed that these measures correlate
with the issue of real concern, i.e. health benefit. One good example is the use of
utilisation review in the USA to reduce the number of hospital admissions without
knowing how this affects the health of patients. It seems that an attempt to use
the best, although imperfect, method we have to assess health benefit directly is
worth the effort, and that it is one useful step forward relative to our present
knowledge. A wise man has said: “Imperfect information at the point of decision is
more useful than perfect information after it has been taken”.
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6.1.2 The magnitude and distribution of health benefits
When health benefits were estimated as AHYE and HSQG, the distribution of gains

across the patients was left-skewed. Most patients were judged to have experienced
small benefits while a few obtained gains corresponding to life-saving treatment. The
gain of these few was so great as to result in a mean AHYE of 2.3. Because most of
the AHYE was won as LEG, and little as LQG alone, this result was similar to the
mean LEG.

The mean AHYE may seem high compared to other interventions. Wright and
Weinstein recently tabulated the gains in life expectancy from a variety of medical
interventions (Table 4) for use as a benchmark for new interventions. The table was
compiled from publications found by searching MEDLINE [184]. The mean LEG
found in the present study, 27.6 months, was higher than most treatments on the
list. However, information about the effects of many of the more effective
interventions used in internal medicine cannot be found in MEDLINE, simply
because they have never been subjected to controlled trials. Antibiotics for serious
infections, hormone substitution for failure of endocrinological organs and
hemodialysis for renal failure are examples of treatments that are considered to be
life-saving, and which for ethical reasons will never be subjected to RCTs. Table 2 in
Paper 2 shows that several of the patients with the highest gains in the present study
had received such treatments. One third of the total LEG was achieved by these ten
patients. The patient with the highest gain was an 18 year old woman who was
treated for meningococcal septicaemia. The panel judged the treatment to have

been life-saving and to have gained 63 life years.

There is, however, little reason to believe that the experts have been able to make
an accurate estimate of the mean health benefit measured in HYE. Even so, all kinds
of bias that do not affect the rank order of gain would have resulted in the same
shape of the distribution curve. More confidence should therefore be placed in this
than in the numerical estimates. It is probably characteristic of departments of
internal medicine that the benefits of most patients are small, but that the life of an
occasional patient is saved. | am not aware of other studies of health benefit from
consecutive hospital admissions. It would be interesting to know whether the results

in e.g. a surgical department would be different.
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HYE and QALY have been developed for measuring and comparing health gains.
Most of the studies using these measures focus on chronic conditions with health
states of stable reduced quality of life. It is significant that 28% (Paper 4, Table 1) of
the admitted patients had gains that were below the sensitivity threshold of the
instrument we used for measuring AHYE. The reason was that the time scales of the
instrument could not register the very small trade-offs made by relatively healthy
persons with temporary reductions in quality of life. For instance, a 20 year old man
with painful tonsillitis from infectious mononucleosis would probably be willing to
trade off very little of his expected lifetime of 53 years to obtain full health for the 7 to
10 days this condition lasts. If we assume a quality of life of 0.3 for 10 days, the
maximum gain from the palliative treatment available for this condition would be 0.02
HYE, which could not have been registered by our time trade-off instrument.

Though time trade-off instruments for measuring temporary reductions in quality of
life exist, | know of no study where it has been used for measuring health benefits as
small as this. Comparing the hypothetical mononucleosis patient to the patient with
the highest gain in our study (63 HYE), there is a difference in gain of 3 orders of

magnitude.

It is important that treatment of conditions of short duration will result in small gains
relative to the high-gainers no matter how severely their quality of life is reduced.
Admitting these patients for hospital treatment is now commonly accepted, but if
rationing on the basis of cost-effectiveness should be implemented, these treatments
would have to have very low costs to defend their place. This seems to be in conflict
with our instinct that acutely ill patients should be treated, and in practical life, other
factors than cost-effectiveness alone may play a role when deciding whether
resources should be allocated to such conditions.

6.1.3 Factors associated with health benefit

In the search for factors predisposing for health benefit, multivariate linear regression
analyses with LEG and LQG as dependent, and age, gender, admission category
and diagnostic category as independent variables, were performed (Paper 2, Table
3, and Paper 3, Table 3). As expected, the diagnostic categories were the most
important regressors. Since the diagnostic categories in the analyses were

heterogeneous, and comorbidity was not taken into account, little weight should be

44



attached to the actual parameter estimates except to demonstrate that diagnosis

matters.

Age was negatively associated with LEG, but the regression coefficient was low
compared to those of the diagnostic categories. An increase in age by 10 years only
decreased the expected LEG by 8 months. The presence of an endocrinological
disease increased the expected LEG by 9.9 years, and undiagnosed symptoms
decreased it by 2.1 years relative to the reference “other”. Accordingly, as judged by
the expert panels, age was not an important determinant of LEG. However, cases
can easily be imagined where age must play a more important role for LEG. The 18
year old patient who was cured for septicaemia no doubt would have had a lower
LEG if she had been 50. On the other hand, for some conditions, e.g. a non-curable
malignant disease, the disease itself sets the limit for the LEG obtainable by
treatment that has no chance of restoring the patient to full health. This is more
typical of chronic diseases. Presumably, the experts considered most of the cases in
the study to fall in this category. It is, of course, also possible that they under-
estimated the magnitude of the negative association between age and LEG.

Age was positively associated with LQG. Again, the regression coefficient was low
compared to those of the diagnostic categories. An increase in age of 10 years
increased LQG by only 0.01, while the presence of endocrinological disease
increased it by 0.15.

The regression analyses of LEG and LQG resulted in adjusted R? of 0.17 and 0.13
respectively, meaning that little of the variance of these two measures could be
explained by the variables in the model. The low precision of our method for
measuring health benefits was also an important source of variation. A more detailed
classification of diagnosis and disease severity might have improved the fit of the

model.

6.1.4 Admissions resulting in no health benefit

This study was designed to detect all direct benefits to the admitted patients. The
results of the agreement study demonstrated that the panels made reliable
assessments about health-related benefits, but that the agreement about non-health-
related short-term quality of life gain (NHSQG) was poor. Thus, some of the patients

without health-related benefits may have had benefits from hospitalisation that were
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not caused by specific care or treatment. However, of the 72 patients without health-
related gain, none were scored in the category "high” and only 2 in the category
“‘intermediate” NHSQG. Even allowing for disagreement between the panels, these

72 patients (17%) probably had either no or very little benefit.

In the instructions to the experts, care of the dying was especially mentioned as a
type of benefit that might qualify as NHSQG. However, half of the 20 patients who
died in the hospital were scored for health-related benefits. This probably means that

they received palliative treatment.

The possible reasons why a patient did not achieve health benefit from a hospital
stay are listed in Table 5. The admissions were not classified according to these
categories in the present study. In other studies, significant rates of inappropriate
interventions have been found (see section 2.4). Many patients would also be

expected to fall in the category of no available effective therapy.

6.1.5 latrogenic health losses

In studies from the USA, adverse drug events have been found in 2.4% [185) and
6.5% [186], and adverse events in general in 3.7% [187] of hospital admissions. One
study reported that iatrogenic disease was the cause of 5.4% of hospital admissions
[188], and another iatrogenic illness in as many as 36% of the patients admitted to a
general medical service [189). The percentages for some patient groups, e.g. the
elderly, may be even higher [190]. There is little doubt that many of the events have
serious consequences. [n the Harvard Medical Practice Study, which reviewed
30,121 patient records, 13.6% of the adverse events led to death [187]. In a study
from a department of internal medicine in Norway, adverse drug events were the
probable cause of 11.8% of the in-hospital deaths [191]. Two other Norwegian
studies have found percentages of adverse events as causes of admission to
departments of internal medicine of 5 [192] and 7 [193], i.e. of the same magnitude
as in the USA.

Health benefits from hospital stays should be balanced against the health losses
resulting from adverse events. The health losses detected by the instrument used in
the present study were small. Only 1 admission (0.2%) resulted in a negative LEG of
0.07 years, and only 3 (0.7%) in negative LQG. Although not strictly comparable,

these percentages were lower than in the studies referred to above. The reason may
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be that most adverse events are minor and have no consequences for patient health
in the long-term. Also, the experts may have been biased towards over-estimating

positive and under-estimating negative treatment effects.

Paper 2 reports a sensitivity analysis of assuming a much higher rate of negative
LEG than observed. Based on data from other studies of adverse events, it was
concluded that the total positive LEG by far outweighed the negative. As LEG
generated most of the AHYE, it follows that the total AHYE was also positive by a

wide margin.

The study did not include an instrument for measuring short-term quality of life losses
from adverse events analogous to HSQG for positive gains. Since many treatments
have high rates of adverse effects, it may be safely assumed that many patients
suffered short-term reductions in quality of life. The important question is whether
these losses outweighed the benefits for some of the 28% who were judged to have
had only HSQG (Paper 4, Table 1), and, consequently, whether this percentage was
over-estimated. If so, the percentage of admissions without health benefits may have

been under-estimated.

6.1.6 Care level

If a patient did achieve health benefit, the experts considered whether the same
benefit could have been obtained in primary care or in the outpatient clinic.
Accordingly, the assessments of necessary care level depended on the assessments
of health benefit, and the kappa statistic for the agreement between the panels about
this measure would incorporate the disagreement about both health benefit and care
level. This was solved by estimating kappa for the combined judgement that the
patient either had experienced no AHYE or HSQG, or that the same gain could have
been achieved on a lower care level. This corresponds directly to the definition of an
inappropriate admission used in this study (section 3). Fair agreement was found for

this assessment (kappa 0.41).

For one of the benefit measures (NHSQG), the kappa statistic indicated no
agreement between the panels. Though this measure was excluded from further
analysis, disagreement about this measure could possibly have influenced the care
level assessments and thereby lowered the kappa statistic for the combined
judgement considered above. This could have happened if a panel had made the
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judgement that, for some patients, hospitalisation was necessary for NHSQG, but not
for AHYE or HSQG. However, this combination of assessments seems very unlikely,
and it is a reasonable assumption that the disagreement about NHSQG did not
influence the agreement about appropriateness to any noticeable extent.

The panels judged 24% of the admissions to have been inappropriate (17% had had
no health benefit and 7% could have been treated on a lower care.level). In
comparison, studies from the USA have found percentages of inappropriate hospital
admissions ranging from 10 to 40 with most observations in the interval 10 to 20 (see
section 2.6). Our percentage was slightly higher. It was also higher than the results in
most European studies, where percentages from 1.3 to 25 were found. However, the
percentage was lower than in the two investigations from Kirkenes Hospital (35 and
48%) [87,89).

6.2 Cost

6.2.1 Appropriateness and cost

An important finding of the present study was that the inappropriate admissions had
a lower mean cost than the appropriate. In a sensitivity analysis, this result was
robust to variations in the estimates of unit cost. A multivariate linear regression
analysis indicated that it was also independent of gender, age, admission category
and diagnostic category. The regression was repeated without three appropriate
admissions with lengths of stay of more than 6 months and very high costs. In this
analysis, the regression coefficient for the appropriateness-variable was virtually
unchanged and its P-value 0.0001. Repeating the analysis after changing the status
of these three admissions from appropriate to inappropriate also gave essentially the

same resuit.

Since the expert panels had information about the use of ancillary resources and
length of stay when assessing appropriateness, the possibility of information bias
from differential misclassification of appropriateness relative to cost must be
considered. The expert panels might have been biased towards classifying stays
using more resources as appropriate. This possibility was discussed in Paper 4,
where it was concluded that the observed difference in mean cost was too large to
be explained by this type of bias.
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6.2.2 Limitations of the cost analysis

In the cost analysis, the use of resources was registered for each individual patient.
Because it was impossible to perform on-site registration for this large number of
patients, we could only register use of resources from the medical records and the
hospital databases. “Hotel”, and physician and nurse labour costs had to be
allocated on the basis of length of stay, except for the labour costs included in the

unit costs of ancillary services as e.g. gastroscopy or hemodialysis.

Since nursing was the second most important cost, the error made by this method
could be substantial. Obviously, the use of this resource varies greatly across
patients and should preferably have been registered for each individual. It was
considered whether to use the nursing costs of the patients’ DRG as basis for
allocating these costs, but in the Norwegian version of the DRG-system, nursing
costs have been based on clinical judgement and not on an investigation of actual
use by patients [194]. In the present study, nursing costs were allocated according to
length of stay at ward level. Using ward instead of department level assures at least
some homogeneity in the patient group with regard to the need for nursing. This is
especially important for the intensive and coronary care units, where nursing costs
are high. It has also been estimated that a high percentage of nursing time is used
for administrative tasks, which also provides some justification for this approach
[155].

6.2.3 Marginal vs. average costs

For estimating savings from denying admission, marginal costs, i.e. the cost of
treating one additional patient, would have been preferable average costs.. However,

marginal costs depend on the time perspective of the cost analysis.

In the very short run, the total costs of personnel and major equipment would have
been constant and the marginal cost would have been the cost of non-reusable
resources consumed by the individual patient as laundry, food, drugs, intravenous
fluids etc. For the hospital in general, personnel costs accounted for about two thirds
of the total costs, and, consequently, in this time perspective, marginal costs would
have been less than one third of the average costs. This assumes that the
department operated below full capacity. If the capacity was exceeded, extra labour

would have had to be bought at a high cost, and marginal costs might have been
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higher than the average. As referred in Paper 5, the median bed-occupancy rate in
the study period was 0.84, which does not indicate high costs for extra labour. In the
long run, costs can be saved by downscaling the entire hospital, which means that all
costs would decrease proportionally. In this situation, the savings obtained would

approach our estimates of average costs.

6.2.4 The time perspective of the cost analysis

The cost analysis included only direct costs to the hospital incurred during the
included stays. For patients with subacute or chronic conditions, interventions
planned during these stays would sometimes be performed in the outpatient clinic or
in another department after discharge. Thus, the decision to hospitalise the patient in
the first place could cause additional direct costs to the hospital after discharge. The
inclusion of costs only during the included stays could under-estimate the cost

reductions that would follow from a decision to deny admission.

An alternative method would have been to include the costs of all interventions
planned during the stay. However, it is often difficult to decide what has been
explicitly planned. Some patients are discharged after having been scheduled for
e.g. a coronary artery bypass graft or a percutaneous transluminal angioplasty, the
costs of which would have been included with this method. Others are discharged
with plans for performing further investigations, e.g. myocardial scintigraphy, that
may ultimately lead to the decision to perform these procedures. In these cases, the
cost of a revascularisation would not have been included. The same problem would
apply to many other patients who are discharged with appointments for follow-up.

Some of the difficulties could be solved if one chose a method that included all direct
costs to the hospital for a set time period. However, the problem of the cost of
lifelong chronic conditions in need for continuos follow-up remains. It is hard to see
how this would be an improvement over the method chosen, i.e. to restrict the cost

analysis to the included stay.

It could be argued that the limited time perspective of the cost analysis prevents us

from drawing conclusions about the relationship between appropriateness and cost.
More specifically, it could be that an inappropriately admitted patient with low costs

during the included stay was scheduled for costly interventions later, which would

tend to invalidate the conclusion that inappropriate admissions are less costly. To
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investigate this problem without performing an actual analysis of costs after
discharge, we registered plans for follow-up and interventions for each stay. Fewer
appointments were made for inappropriately admitted patients (Table 6)(P<0.001). In
particular, fewer of them were scheduled for surgery (1 vs. 8%), which would be
expected to incur the highest costs. Although it does not constitute a proof, this
suggests that the these admissions would also have had lower costs in a longer

perspective.

While the cost of each stay can be estimated, there is no analogous method for
estimating the health benefit that results from a single hospital stay in a series of
stays and other interventions, as discussed in section 4.3.2. For this reason, we
defined the health benefit from an included stay as the benefit for which it was a
necessary condition. This method introduced an incongruence between the methods
for estimating costs and benefits. As explained in the previous paragraph, it was not
possible to define a series of future contacts with the hospital for which costs could
be estimated, as would have been preferable. Accordingly, the cost-effectiveness of
the admissions could not be estimated, although some considerations of the upper
bounds of the cost-effectiveness-ratios relative to that of other interventions are

presented in a later section.

6.3 Prediction of appropriateness

6.3.1 Sensitivity and specificity

At admission, the panels were generally too optimistic about the results of the
hospital stays. The number of inappropriate admissions was predicted to be 66
(16%), whereas 102 (24%) was observed (Paper 5, Table 1).

In clinical epidemiology, sensitivity and specificity are indices used for characterising
a diagnostic test. The results of the diagnostic test are compared with a gold
standard and the indices calculated according to standard formulae [195]. In the
present study, the panels’ predictions of appropriateness at admission can be
thought of as a diagnostic test, and the appropriateness as judged by the other panel

after discharge as the gold standard.
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For the prediction that an admission would be appropriate, a sensitivity of 88% and a
specificity of 27% were found. Thus, while the majority of appropriate admissions can
be identified at admission, the panels’ ability to detect the inappropriate was poor.

One might assume that the reason for this could be that the threshold for judging that
anyone had had health benefit had been set very low, and that it would have been
easier to predict very high gains. When the specificity for predicting gains >= 10HYE
was calculated, a higher value was found (96%), meaning that the experts were able
to identify almost all patients with lower gains. However, this would have been
achieved at the cost of a lower sensitivity (33%), meaning that two thirds of the

patients achieving these high gains would not have been identified.

For elective admissions, the panels had lower sensitivity and higher specificity for

women than for men. This finding was discussed in Paper 5.

6.3.2 Possible causes of poor predictions

6.3.2.1 Lack of direct contact with the patients

The validity of the medical record as basis for assessment of quality and outcome of
care has been questioned in some studies. Fessel et al found considerable disparity
in the frequency of documentation of common symptoms of appendicitis in three
different hospitals, but no association between documentation and diagnostic
accuracy or outcome [196]. Romm et al reported incomplete recording of information
when comparing the medical record to transcripts of outpatient visits [197]. Burns et
al found paucity of information about functional status in the medical record
compared with patient self-report [198).

On the other hand, the medical record has been found sufficient for several
purposes, including detecting adverse events [199,200], finding the indication of
medical procedures [201] or judging impairment of organ function [202]. One study
examined the influence of the completeness of the medical record on identification of
inappropriate days of care with the Appropriateness Evaluation Protocol. Significantly
higher rates of inappropriateness were found for lower levels of completeness.
However, the differences were small and not significant when adjusted for other
factors associated with inappropriateness [203).

52



If predictions of health benefit and care level should be used for reducing hospital
admissions, they would have to be made by the admitting physicians, who would
have the advantage of direct contact with the patient. If this should enable better
predictions than the expert panels, these would have to rely on information that was
not documented in the medical record or communicable in written form. In the
present study, the first possibility was counteracted by letting the project co-ordinator
check the medical records for missing information the day after admission. Even if
the protocol did not allow him to obtain additional information directly from the
patients, this procedure would seem to exclude the possibility that information

systematically omitted from the medical records was responsible for poor predictions.

The second possibility would imply that some form of global assessment of the
patient was an important factor for predicting health benefit. At least one study has
found that clinicians agree poorly on such assessments [204]. Even if such factors
did play a role, the experts had several advantages relative to the admitting
physicians. First, they had longer experience than the average intern or resident.
Second, they had the opportunity of discussing difficult cases with the equally
experienced members of the panel. Last, they probably had more time for
considering each problem. In all, there is little reason to believe that the admitting
physicians would have made better predictions than the panels.

6.3.2.2 The composition of the expert panels

Instead of using three internists, specialists from two related disciplines were chosen.
A similar design was used in a recent study of the health benefit from helicopter
evacuation [152]. Some studies have shown that the composition of expert panels
matters for their assessments, but it is not known which composition is optimal.
Leape et al found that, for carotid endarterectomy, a panel composed exclusively of
surgeons found fewer operations inappropriate than a muiti-disciplinary panel [205].
Similar results were reported by Scott et al for cholecystectomy [206]. Coast et al
used two panels consisting of general practitioners and one consisting of consultants
for assessing necessary care level. The consultants judged hospital care necessary
for a higher percentage of the admissions than did the general practitioners [207].
Ayanian et al found that cardiologists rated coronary angiography as more

appropriate than primary care physicians for some indications [208].
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Whether these results reflect a tendency towards over-estimating the effects of one's
own speciality, is not known. In the present study, one of the reasons for choosing
different specialists was to eliminate this source of bias, if present among internists.
However, we cannot exclude the possibility that panels consisting of three internists

would have made better predictions.

6.3.2.3 The instrument

The present study used an instrument that was designed to consider all the criteria
necessary for deciding whether an admission would result in health benefit on an
appropriate care level or not. The instrument was rather complicated, and training
and a detailed instruction manual were necessary. Even if a pilot study was
performed to identify problems, the complexity of the instrument may have
contributed to the poor predictions. Although this cannot be excluded, the agreement
found for the instrument was comparable to that of other studies of peer assessment
of patient-care episodes [160). This makes it less likely that we could have obtained

better predictions with another instrument.

Some factors may have made the assessment of care level difficult. The alternatives
were specified as primary care, outpatient clinic or hospital admission. While the
facilities in the outpatient clinic are well defined and well known by the experts, this
may have been different for primary care. Some primary care centres include a
general practitioner hospital, and other facilities differ as well. Since the summaries
were blinded with respect to geographical data, the experts had to rely on their
concept of the facilities typically available. Better predictions of care level might have

resulted from a better specification of the alternatives to hospital admission.

6.3.2.4 Disagreement about health benefit assessments

Two expert panels were used to avoid bias from letting one expert panel assess the
same admissions both at admission and after discharge. Otherwise, the predictive
abilities might have been over-estimated because the panels could have
remembered their predictions at admission when making their discharge
assessments. Another consequence of this design was that the quality of the
predictions also reflected the inter-panel variation in estimation of health benefits.
Even if the panels had been able to predict their own discharge assessments
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perfectly, their predictions of the other panel's assessments might have been poor if

the inter-panel variation was high.

To examine this possibility, the study included an investigation of the agreement
between the panels (section 5.1). The agreement was found satisfactory and
comparable to the agreement about other clinical methods [159]. Even so, we would
expect the disagreement between the panels to have made some contribution to the
poor quality of the predictions. To assess the magnitude of this effect, one panel's
sensitivity and specificity for “predicting” the other panel's estimates of the same
cases in the agreement study were calculated (patient group 1 in Figure 2). A
sensitivity of 83% and specificity of 59% were found (n=57). Since the corresponding
values for the predictions made at admission were 88% and 27% (n=422), it was
easier for the panels to “predict” which admissions would be judged inappropriate by
the other panel when the information collected during the stay was available.
However, the rather low specificity (59%) demonstrates that the disagreement
between the panels also made a contribution to reducing the quality of the
predictions at admission. Variation in the assessments of inappropriateness between
admitting physicians would also occur in clinical practice. This constitutes an
additional difficulty when trying to use clinical judgement for reducing inappropriate

admissions.

6.3.2.5 Clinical uncertainty

Clinical uncertainty at admission will always prevent us from attaining perfect
sensitivity and specificity when predicting appropriateness. Some patients are
admitted without a conclusive diagnosis while there is uncertainty about the effect of
planned treatment for others. In these cases, there is not sufficient information for
making an accurate prediction. This was probably the most important cause of the
poor predictions. In daily clinical work, most clinicians deal with this uncertainty by

keeping the threshold for admission low.

Because emergency admissions are not planned, very little can be done at the time
of admission to reduce the uncertainty by obtaining more information. The situation
is different for elective admissions, of which 34% (Paper 4, Table 4) were
inappropriate. By communicating with the referring physician, the doctor in charge of

planning the admission has the opportunity to let the patient undergo diagnostic
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interventions in primary care or an outpatient clinic before admission. The possibility
that this could improve the predictions should be investigated.

6.3.2.6 Spectrum bias

The mediocre ability of doctors to predict which patients would benefit from a hospital
stay is worrying since a reliable gate-keeper function is crucial for our health care
system. However, the sensitivity and specificity were estimated for the population of
patients actually admitted to the department. This population was already highly
selected by the referring physicians, and, accordingly, different from the population of
all patients who might have been candidates for admission. The primary care
physicians had already sorted out most of the patients that could easily have been
identified as inappropriate, and the studied population may have consisted of
patients with an obvious need for hospitalisation in addition to a small number of
"problem” cases. The result was a population that generated low specificity for

predicting appropriateness by so-called spectrum bias [209].

If we take primary care physicians' referral of a patient for admission to represent
their prediction that the admission would be appropriate, there is good reason to
assume that their specificity for detecting appropriateness must have been higher
than that of the expert panels. Since only a minority of all consultations in primary
care results in hospital admission (for emergency consultations about 10% [210]),
only a few of the potentially inappropriately admitted patients are actually admitted
(unless the percentage of inappropriate patients in the population is very low, which
is unlikely). This means that the primary care physicians’ specificity for detecting and
admitting appropriate patients in this population was probably better than that of the
expert panels’ for the actually admitted patients. Of course, we know nothing about
the sensitivity, which might be poor, i.e. that patients who would have benefited from
a hospital stay may not have been admitted. However, the decision to admit a patient
or not is seldom final. By using time and the course of the disease as diagnostic
tools, general practitioners may also attain a reasonable sensitivity for detecting
those patients who will benefit from a hospital stay.
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6.3.2.7 Bias in the final assessments of appropriateness after discharge

In section 6.1.1, the validity of the health benefit assessments made after discharge
was discussed at length. Since the quality of the predictions of appropriateness were
judged by comparison with these assessments, it should be considered how their
validity might have affected the conclusion that this quality was poor. Suppose that a
method which had formally been demonstrated as valid had been used for the
discharge assessments, and that the actual discharge assessments of the panels
were poor compared to this method. Could the sensitivity and specificity of the
predictions have been higher if they had been compared to this hypothetical gold
standard? Since this assumes that the predictions could have been better estimates
of the gold standard than the panels’ discharge assessments, the answer is no. At
discharge, the experts used the same instrument and had access to the same
information that was available at admission and, in addition, all information gathered
during the stay. If it is assumed that more information must lead to better estimates,
the discharge assessments must have been better estimates of the hypothetical gold
standard than the predictions. Accordingly, the predictions would also have been

poor compared to this gold standard.

This has the important consequence that the conclusion that the predictions were
poor did not depend on the validity of the panels’ discharge assessments.

6.4 The potential for cost reductions

6.4.1 Cost reductions and health losses

The purpose of trying to predict appropriateness was to explore the potential for cost
savings and health losses. Elective and emergency admissions were analysed
separately. For both types of admission, modest cost reductions could have been
obtained (9 and 14%), but at the cost of a loss in HYE for patients falsely predicted
to have been inappropriately admitted (5 and 18%)(Paper 5, Table 5). The savings
per HYE lost would have been NOK 29,328 (USD 3,910) for elective admissions and
NOK 12,699 (USD 1,693) for emergency admissions. The main reason for the
difference was that more HYE would have been lost per patient for emergency
admissions. Repeating the analysis after excluding the 3 outliers mentioned in
section 6.2.1 lowered the savings for emergency admissions to NOK 6,561 (USD
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875) per HYE lost, but gave the same result for elective admissions. If these 3
admissions had all been predicted to be inappropriate, the savings would have been
NOK 73,187 (USD 9,758) per HYE for elective and NOK 17,432 (USD 2,324) for

emergency admissions.

Costs saved per HYE lost from not performing an intervention, in this case admitting
a patient, is equivalent to the costs expended per HYE won from performing it. In a
recent study, Nord et al discussed the cost per QALY of different treatments [211].
Only hip replacement had a lower cost per QALY (NOK 12,750 or USD 1,700),
whereas the cost per QALY of 9 other referred treatments ranged from NOK 42,750
(USD 5,700) to NOK 727,500 (USD 97,000). A commonly cited upper limit for cost-
effective care has been NOK 375,000 (USD 50,000} per QALY [212,213].
Consequently, the relationship between costs and health losses of the proposed
strategy for reducing admissions would have been less favourable than for many
other interventions commonly accepted as cost-effective, even if there seems to be
little theoretical support for the USD 50,000-limit. Additional support for this
conclusion can be found in a study of life-saving interventions by Tengs et al. They
found that the median cost per life-year won of 310 medical interventions was USD
19,000 [214]. Considering that the cost per HYE would have been higher, the cost of
the HYE won by not trying to reduce the number of admissions in our study would

seem low.

In section 6.3.2.1, the probability that the admitting physicians would have made
better predictions than the panels was discussed. Paper 5§ examined the effects of
improved predictions in a sensitivity analysis. Even with a sensitivity of 90% and
specificity of 50%, equal costs of the inappropriate and appropriate admissions, and
an over-estimation of HYE by 100%, the cost saved per HYE lost was still only NOK
195,984 (USD 26,131). This leaves considerable room for under-estimation of costs
before the limit of NOK 375,000 (USD 50,000) per QALY could have been reached.

If we had estimated marginal costs in the short run instead of average costs, this
ratio would have been even lower and our conclusion strengthened. The same would
have been the case if it had been possible to estimate costs from a societal
perspective, because the costs of treating some patients on a lower care level would
have had to be subtracted from the estimate of savings in hospital. This assumes
that the health benefit they would have achieved outside hospital would have been
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negligible compared to what they would have obtained if admitted. Since the need for
hospitalisation was explicitly assessed by the expert panels, this seems reasonable.
Another possibility is that hospital treatment might have induced additional societal
costs after discharge, which would have increased the savings from not admitting

some patients. We considered this effect to have been small.

If a system for reducing the number of admissions on the basis of judgements of
appropriateness had been implemented, these judgements would have had to be
performed by the admitting physicians. Since the judgements would have been
based on the same information that is routinely collected in today's system, the
additional costs incurred would have been negligible and were not included in the
cost analysis. If they had been, they would have had to be deducted from the

savings, which would have strengthened our conclusion.

6.4.2 Future costs

In section 6.2.4, the problem of costs to the hospital incurred after discharge from the
included stays, was discussed. The savings per HYE lost estimated in the previous
section couid have been underestimated because of costs of planned interventions

and follow-up.

To explore this possibility, plans for follow-up of the 66 patients that would have been
denied admission were registered from the medical records (Table 7). Such plans
existed for 22 of them. The highest costs would probably have incurred for the 3 who
were scheduled for readmission and for the 2 who were scheduled for surgery.

The potential savings form denying care for these 66 patients would have been NOK
1,972,389 (USD 262,985) and the potential health losses about 135 HYE (calculated
form Table 4, Paper 4 and Table 5, Paper 5). If the NOK 375,000 (USD 50,000) per

HYE-limit is tentatively accepted, the savings would have had to be NOK 50,505,013
(USD 6,734,002), meaning that the future costs for the 22 patients with further plans
would have had to exceed NOK 48,000,000 (USD 6,400,000), which seems unlikely.
Accordingly, a cost analysis including costs after discharge would probably not have

changed our conclusion.
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6.4.3 Care level

In section 6.3.2.3, it was discussed whether improvements could have been made to
the instrument for predicting necessary care level. However, patients who could have
been treated at a lower care level accounted for only 5% of the total costs, which
indicates that the potential for additional savings by predicting this group perfectly

was small.

Coast et al examined the alternatives to hospital care for acute admissions to a
department of general medicine and care of the elderly in the UK [207]. Using a
detailed list of alternatives and assessment by expert panels, she found that a lower
care level would have been a possibility for between 5.5 and 14% of the patients.
Her expert panels made their assessments on the basis of information available at
admission, but only assessed patients found to have been inappropriately admitted
by the screening tool ISD-A [71]. In another study, Coast et al made a cost analysis
of the alternatives to hospital care and found that few resources would have been
saved if these had been used [215]. Even if there are important differences between
Norwegian and British health care, these results suggest that the potential for
additional savings in our study from making a more detailed specification of the

alternatives to hospital care, might have been limited.

However, this refers to the way primary and hospital care are organised at present.
There are indicators that some of the treatments now reserved for inpatients could
be used on lower care levels without health loss. One example is the treatment of
myocardial infarction with streptokinase in primary care [216). A restructuring of the
care levels could permit more treatment outside hospital. Whether this would be
more cost-effective than hospital care would have to be investigated.

6.4.4 Other studies of cost and predicted health benefit

I have not been able to find other studies of the relationship between predicted
health benefit and costs from departments of internal medicine. However, Pompei et
al studied charges and prognosis for 549 patients admitted to the medical service at
the New York Hospital during a 1-month period in 1984 [96]. The 5-year prognosis
was estimated as favourable or unfavourable by admitting residents. In contrast to
our study, these estimates were made within 24 hours of admission, and
consequently, some results of tests done after admission must have been available.
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When comparing the estimates with mortality at one year, this was 9% in the
“favourable” and 50% in the “unfavourable” category (P<0.01). Large expenditures
were associated with patients who died in the hospital, especially those whose death
was unexpected. Pompei concluded that the imprecision of clinical judgement at the
time of admission in predicting long-term outcome argues for aggressive
management of acutely hospitalised patients when there is any doubt about their

prognosis.

Detsky et al let house officers estimate the probability of survival until discharge for
1,831 patients admitted to an intensive care unit. Although this study population was
quite different from that in the present study, it will be reviewed briefly because of the
similarities in design. Detsky found that expenditures were positively correlated with
estimated probability of survival for non-survivors, but negatively for survivors. In
other words, the highest expenditures were found for the patients with unexpected
outcome. He concluded that prognostic uncertainty was important in determining
resource expenditures for the critically ill [98]. Calculations from the data of Table 2
in Detsky’s paper show that 6% of the expenditures had been saved at the cost of
losing 1% of the survivors if he had chosen to admit only patients with a probability of
survival of greater than 20%. Cut-off levels at 40 and 80% would have yielded
savings of 14 and 46%, and loss of survivors of 3 and 25%, respectively. As it would
probably not have been acceptable to deny admission for a patient with a probability
of survival even as low as 20%, it would not have been possible to obtain savings

based on prognostic assessments in this setting.

Although none of these two studies are directly comparable to the present study,
their conclusions resemble ours in their emphasis on prognostic uncertainty as an
important determinant of resource utilisation. This uncertainty causes clinicians to
keep a low threshold for admitting patients. The threshold may be lowered further as
a result of the decreasing tolerance of mass-media and the public for physician

“malpractice”.

6.5 Strategies for reducing length of stay

Another possibility for obtaining savings would have been to reduce the use of
resources after admission. This could have been achieved by reducing length of
stay, which was the most important determinant of cost. Observation units, where
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patients undergo a rapid diagnostic work-up without actually being admitted, have
been proposed as a way to quickly reach a decision about whether admission is
necessary and to reduce costs [217,218]. One study found that the cost of asthma
patients treated in an observation unit was lower than for admitted patients
(USD1,202 versus USD 2,247) [219]. Another study examined the predictive abilities
of physicians in an observation unit for detecting the presence of pathology
necessitating hospitalisation for selected diagnoses. A sensitivity of 100% and
specificity of 86% were found [220], raising the question of whether prediction of

inappropriateness in general would also have been better.

In the present study, inappropriately admitted patients already had a shorter mean
length of stay than others (4.3 vs. 10.0 days). The percentage of such patients was
24, and they used 12% of the resources. Let us assume that this group could have
been identified with a sensitivity and specificity of 100% after one day in the hospital.
If their use of resources was proportional to length of stay, we would have saved
12%*(4.3-1)/4.3 of the resources, i.e. 9%. But since, in reality, the identification
would not have been perfect and more ancillary resources would probably have been
used the first day, the savings would have had to be lower, and there would still have
had to be some health loss. Consequently, the savings from reducing the length of
stays resulting from inappropriate admissions would have been modest in our
setting.

This leaves us with the possibility that the length of stay for appropriately admitted
patients could have been reduced without reducing health benefits, which was not
investigated in the present study. However, there is little doubt that some of the
included patients stayed in the hospital longer than necessary. Three of the patients
with benefits had stays lasting more than 6 months because of insufficient nursing
home capacity. These 3 patients accounted for 12% of the total costs. Two of them
achieved gains of 1 and 4 HYE, and one only low degree HSQG. At admission, it
was erroneously predicted that the patient with the highest gain would not have
benefited. If these 3 patients could have been discharged when their medical
treatment was complete, the savings would probably have been of the same
magnitude as when identifying inappropriate admissions after one day's stay. it must
be assumed that the length of stay could have been reduced for other patients as
well. However, there is probably a limit to the reduction in average length of stay that
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can be achieved without increasing the per diem cost of nursing. In the USA, one
study found that the amount of nursing per patient per day increased when length of

stay was reduced [221].

Some studies have investigated interventions to reduce length of stay. In the USA,
Wachter et al studied length of stay, cost, 6 month mortality rate, readmissions and
patient functional status after reorganising half of the wards in an academic medical
service to involve faculty members more in inpatient care. The other half was left
unchanged. The hypothesis was that more expertise would reduce costs. When the
wards were compared, mean length of stay was shorter (4.3 vs. 4.9 days; P=0.01)
and mean cost lower (USD 7,007 vs. 7,777, P=0.05) for the reorganised wards.
However, the cost difference, which was of borderline statistical significance, is
difficult to interpret because the cost analysis did not include physician costs. It must
be assumed that use of higher expertise in direct patient care would incur extra

costs. There were no differences in patient outcomes [222].

Two recent British studies compared hospital at home care to ordinary inpatient care.
Hospital at home care refers to home based nursing and rehabilitation services
designed to prevent hospital admissions or facilitate early discharge. Shepperd et al
randomised patients recovering from selected surgical and medical conditions to
home care or ordinary inpatient care to investigate whether length of stay could be
reduced and costs saved. There were few differences in outcome measures and no
differences in total health care costs between the two groups [223,224]. Richards et
al used a similar design for early discharge of stable elderly medical patients. Again,
there was no difference in the outcome measures, but over 3 months the mean total
health care costs for home patients was £2,516 and for inpatients £3,292. Because
these estimates were made from incomplete datasets, statistical tests could not be
performed. However, a sensitivity analysis seems to indicate that home care was
less costly even if the cost of inpatient care had been over-estimated [225,226]. The
opposite conclusions of these two studies indicate that substitution of lower level
care for hospital care does not guarantee cost reductions. Although it may be
possible to obtain savings, this probably depends crucially on how the substitution is

organised and on which patient groups are targeted.
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6.6 Final remarks

Our finding that 24% of the admissions were inappropriate is similar to the results of
other studies. At present, general practitioners have the main responsibility for
deciding who will be admitted. Factors other than considerations of the patient's
health may influence these decisions. The practice of so-called “defensive medicine”
means that clinicians seek to defend themselves against accusations of malpractice
by being overtly cautious. However, as discussed in section 6.3.2-.6, the general
practitioners’ specificity for predicting appropriateness is probably good, at least for
emergency admissions. Since little is known about the sensitivity of these
predictions, the important issue may be how many patients suffer health loss
because of not being admitted when they should have been.

Contrary to common belief, the results of this study suggest that little is gained by
increasing the efforts to detect inappropriate admissions at the start of the hospital
stay. We suspected that inappropriate admissions could be identified by a better
consideration of information available at admission than is possible for relatively
inexperienced admitting physicians. To investigate whether this was possible in
principle, we recruited board-certified specialists with long experience, provided them
with all available information about the patients, and, in addition, the opportunity to
discuss difficult cases. However, the clinical information available at the time of
admission was not sufficient for making good predictions of whether a patient would
benefit from his hospital stay. Presumably, admissions which could easily have been
identified as inappropriate had already been sorted out by the traditional

gatekeepers.

As far as we know, no study has previously tried to predict inappropriate admissions
or to estimate their costs. Assessments of rates of inappropriate admissions have
generally ignored the fact that they must be identified before resources are spent to
obtain cost reductions. The results of this study emphasise the important role of
clinical uncertainty as a determinant of cost. Clinicians keep the threshold for
admission low to ensure that most of those who will benefit, are admitted. The
potential savings obtained by raising this threshold were small compared to the
health losses. In addition to the poor predictions, this was caused by a lower mean
cost for the inappropriate admissions because of a shorter mean length of stay. This
suggests that, even in today's system, these patients are identified and discharged
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after an initial diagnostic work-up. Perfect identification of inappropriate admissions
would not have saved more than 12% of the total costs.

Accordingly, in the investigated department, we were not able to demonstrate that
savings could have been obtained by trying to reduce inappropriate admissions, and
it can be discussed whether it is correct to label these admissions “inappropriate” at
all. An important question is to what extent this result can be generalised to other
departments of internal medicine. In a study of the rate of emergency admissions to
such departments in Norway, the investigated department was found to have a lower
rate than others [210]. One could speculate that this implies that it was more difficult
to obtain savings in our hospital than in the other hospitals in this study, none of
which were teaching hospitals. Non-teaching hospitals usually have a higher
percentage of emergency admissions than university hospitals. In the present study,
the percentage of inappropriate emergency admissions was lower than elective (19
vs. 34). In addition, it was more difficult for the panels to identify these than the
inappropriate elective admissions. This suggests that it would also have been difficult
to achieve cost reductions in non-teaching hospitals with higher percentages of
emergency admissions. Higher cost savings relative to health losses could also have
resulted from higher costs of inappropriate admissions relative to the appropriate.
This was considered in the sensitivity analysis of Paper 5, but the savings remained
modest even under this assumption. Consequently, it is questionable whether other
departments of internal medicine would have found it more worthwhile to reduce the

number admissions on the basis of predictions of appropriateness.
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7. Conclusions

e Primary conclusions

In the investigated department of internal medicine, clinical judgement was
unsuccessful in identifying inappropriately admitted patients at the time of
admission. The most important reason for this was probably uncertainty about

diagnosis and the effect of planned treatment.

Costs could have been saved by excluding admissions predicted to be inappropriate.
However, this would have resulted in loss of a high percentage of the total health
benefits. When compared to other interventions considered to be cost-effective,

these losses were high relative to the savings.

e Secondary conclusions

As judged by the expert panels, the health benefits were unevenly distributed across
the patients. A few patients had high gains corresponding to life-saving treatment,
whereas the majority had low or no benefit. Diagnosis was the most important
determinant of health benefit. Age had little effect. About one quarter of the
admissions were classified as inappropriate. The mean cost of the inappropriate
admissions was less than half that of the appropriate, and they represented only

12% or the total costs.

When assessing health-related benefits, the agreement between the two expert
panels was fair to good. The agreement about non-health-related benefits was poor.
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8. Policy implications

8.1 For departments of internal medicine to which our results can be

generalised

« Based on our present knowledge, caution should be observed when attempting to
reduce admissions by using clinical judgement for predicting inappropriate
admissions. While it may be possible to obtain modest cost reductions, these will

probably be low compared to the health losses.

8.2 For other departments and other sectors of health care

 Strategies for saving resources by limiting access to care according to expected
health benefit should not be implemented without assessing their actual effects

on both health benefits and costs.
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9. Suggestions for further research

9.1 Evaluation of primary care physicians’ decisions to admit patients to
hospital

The quality of the expert panels’ predictions of appropriateness in the present study
was poor. As discussed in section 6.3.2.6, little is known about the ability of primary
care physicians to identify patients who will benefit from hospital admission. Although
there is reason to believe that their specificity for predicting appropriateness may be
satisfactory, the sensitivity is unknown. In other words, some of the patients seen in
primary care who would have benefited from a hospital stay may not have been

admitted. This is an issue that deserves closer scrutiny.

9.2 The effect of reducing length of stays in departments of internal medicine

An investigation of the effects on health benefits and costs of an intervention to
reduce length of stays should be undertaken. With a clearly defined intervention, it
should be possible to randomise admitted patients to the intervention or a control
group. Different kinds of interventions are possible, e.g. an effort to co-ordinate the
service of other departments for patients staying in the department of internal
medicine. It is well known that much time is lost while waiting for the response to

referrals to other departments.

9.3 The effect of better planning of elective admissions

The effects on health benefit and costs of better planning of elective admissions to
the department of internal medicine should be investigated. An intervention should
be made to obtain more information about the patients before admission to allow
better predictions of health benefit. If this could be achieved, our results indicate a
potential for cost reductions. The costs incurred by the intervention in other sectors

of health care would have to be estimated.

9.4 Investigation of admissions to a department of surgery

While our results may probably be generalised to other departments of internal
medicine, at least in Norway, it is an open question whether different results would

have been obtained in other types of departments. Because departments of surgery
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also account for a high percentage of all hospital admissions, it would be of great

value to carry out a similar study in this setting.
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Table 1 Appropriateness Evaluation Protocol criteria for appropriateness of admission

An admission is considered appropriate if one of the following criteria is met:

A. Severity of iliness criteria

1 Sudden onset of unconsciousness or disorientation

2 Puls rate
A. <50 per minute
B. >140 per minute

3 Blood pressure
A. Systolic <90 or >200
B. Diastolic <60 or >120

4 Acute loss of sight or hearing

5 Acute loss of ability to move a body part

6 Persistent fever > 37.8 orally for more than 5 days

7 Active bleeding

8 Severe electrolyte/blood gas abnormality (any of the following):
A. Na<123 or >156
B. K<2.50or >6.0
C. standard HCO3 (unless chronically abnormal) <20 or >36"
D. Blood pH <7.30 or >7.45

9 Acute progressive sensory, motor, circulatory or respiratory embarassment
sufficient to incapacitate the patient (inability to move, feed,
breathe etc.) Note: Must also meet Intensity of Service criterion
simultaneously to certify. Do not use for back pain.

10 EKG evidence of acute ischemia; must be suspicion of a new M.

11 Wound dehiscence or evisceration

B. Intensity of service

1 Intravenous medications and/or fluid replacement (does not include tube
feedings).

2 Surgery or procedure scheduled within 24 hours requiring:
A. General or regional anesthesia
B. Use of equipment, facilities available only in hospital

3 Vital sign monitoring every 2 hours or more often (may include
telemetry or bedside cardiac monitor)

4 Chemotherapeutic agents that require continuous observation for life
threatening toxic reaction

5 Treatment in an ICU

6 Intramuscular antibiotics at least every 8 hours

7 Intermittent or continuous respirator use at least every 8 hours

Override options
8 Other services justifying appropriateness?
9 Criteria met, but inappropriate nevertheless?

' CO2 combining power used in the original criteria

From reference 66.
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Table 4 Trea_im;ant of persons with established dls_ease (from reference 184)

Disease and intervention

Cardlovascular disease
Myocardial revascularization with
bypass grafting
or percutaneous transluminal
coronary angioplasty
Routine beta-blocker therapy

Thrombolytic therapy with recombi-
nant tissue plasminogen activator
during suspected acute myocardial
infarction

Thrombolytic therapy with recombi-
nant tissue plasminogen activator
as compared with streptokinase

Implantable cardioverter-defibrillator

Amiodarone therapy

Heart transplantation
Ticlopidine as compared with aspirin

Cancer

Radical prostatectomy or radiation
therapy, as compared with watch-
ful waiting, with delayed hormonal
therapy if needed

Adjuvant chemotherapy

Chemotherapy
Chemotherapy

Chemotherapy

Autologous bone marrow transplanta-
tion as compared with standard
chemotherapy

Other

Prophylaxis against Pneumocystis carinii
pneumonia and toxoplasmosis

Prophylaxis against Mycobacterium
avium complex, fungal infections,
or cytomegalovirus

Elective surgery as compared with ex-
pectant management

Interferon therapy

Appendectomy

Target population

Men with coronary artery disease
| Vessel
2 Vessels
3 Vessels
§5-year-old men who survive acute
myocardial infarction
Low risk of recurrence
Medium risk of occurrence
High risk of recurrence
Patients with suspected acute myo-
cardial infarction

Patients with suspected acute myo-
cardial infarction
Inferior infarction
Anterior infarction
Survivors of cardiac arrest with recur-
rent ventricular arrhythmias that
do not respond to conventional
therapy
Survivors of cardiac arrest with recur-
rent ventricular arrhythmias that.
do not respond to conventional,
therapy
Candidates with end-stage cardiac
failure
Patients at high risk for stroke

65-year-old men with localized
prostate cancer

Women with breast cancer
Node-positive
Node-negative

Patients with extensive small-cell

lung cancer

Patients with advanced non-small-

cell lung cancer

Men with advanced testicular cancer

Patients with relapsed non-Hodgkin's

lymphoma

Patients with advanced HIV disease

Patients with advanced HIV disease

50-year-olds with symptomatic gall-
stones
35-year-olds with chronic hepatitis B
who are positive for hepatitis Be
antigen and do not have cirrhosis
Patients with suspected acute
appendicitis
Probable
Possible

Galin In life expectancy

(months)
Men Women
NA
1-7
0-8
4-14
NA
1.2
4.1
56
15
08-3.1
12-35
36-46
14-16
31-99
0.6
1-11 NA
NA
36
7.7-11
66-82
18-29
107 NA
72
53
02-03
1.7 34
37
9-31
2-5

NA=not applicable



Table 5 Classification of possible causes of no health benefit from hospital care

No treatment given
No disease present
Disease present
Disease resolves spontaneously without treatment
Disease does not resolve spontaneously
No palliative or curative treatment
alters course of disease favourably

Treatment given
No disease present
Inappropriate treatment
Disease present
Inappropriate treatment
Appropriate treatment
No effect or adverse effect of treatment
Due to chance
Due to low quality of care
Due to poor patient compliance




Table 6 Appointments for follow-up according to appropriateness (n=422)

Inappropriately Appropriately Total (%)
admitted patients(%) admitted patients(%)

Patients without appointment for foliow-up 78 (76) 173 (54) 551 (59)
Readmission scheduled

Readmission for surgery 1(1) 27 (8) 28 (7)

Readmission without surgery 4 (4) 31 (10) 35 (8)
Appointment in outpatient clinic

Further diagnostic interventions planned 5 (5) 11 (3) 16 (4)

Ordinary follow-up 14 (14) 78 (24) 92 (22)
Total 102 (100) 320 (100) 422 (100)

p<0.001 for differences between the categories (chi-square=20.57, d.f.=4)
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Figure 1. Admissions included in the Tromsg Medical
Department Health Benefit Study

All admissions to the
department during
the six week study
period (n=521)

Transferred from
».|other university
»

hospitals (n=3)

Admissions to the
clinical research unit
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o |Medical record lost
(n=1)

Readmissions
planned during a
previous stay (n=27)

P Readmissions
planned during a
previously included
stay merged with the
primary admission
(n=9)

Y
Admissions included
in study (n=479)




Figure 2. Design of the Tromsg
Medical Department Health Benefit

Study
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Figure 3. Distribution of gain in healthy
years equivalents (HYE) from hospital
admissions (n=422)
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EVALUERING VED INNLEGGELSE FOR PASIENT NR. .........

Tenk deg at pasienten ikke var blitt innlagt og ikke behandict annet sicd for det akinelle problemet:

1. Marker med et kryss pA cn av skalacne nedenfor bvor lang gienstiende levetid pasicnten da ville hatt i det mest
sannsynlige forlepet av tilstanden (NB! Angi gicnstieade levetid, - fkke den faktisk oppnddde alder ved dod)
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ville hatt med en loddrett strek pd en av skalaene.
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Tenk deg pasicntens situasjon etter dette sykchusoppboldet:

3. Marker med ¢t kryss pi en av skalaene nedenfor hvor lang gienstiende levetid pasicaten vil ha oppnidd som dect mest
mMngwW&M!MMM—h@MMWMM!}

4. Tenk deg selv i pasientens tilstand. Bestem deg for hvor mye av den gicastiende levetiden (som dn nd har markert med et
lnyss)duvillevztevilligliléoﬁcfotéﬂvzmhcllﬁiskﬁamﬂbdﬁi&xmhﬂ.mhwhmduh

ville hatt med en loddrett strek pd en av skalaene.
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S.IhvilkcngndvilMuqk&mppwwmflmﬂhmﬁguﬁngnpmmﬁm under og Iike
etter sykchusoppholdet i forhold til om han/hun ikke var blitt innlagt? (lindring av somatiske og psykiske plager osv.):

liten moderat stor ’
6. I hvilken grad vil dette sykehusoppholdet kunne fore til kortvarig bedring av pasientens livskvalitet pi annen mite under og like
etter sykehusoppholdet i forhold til om han/hun ikke var blitt innlagt? (avhjelping av sosial ned, dedsplcic osv.):

Sett kryss i en av rutene nedenfor.

in%en liten moderat stor

7. Vil pasienten ha diagnostisk utbytte av sykehusoppholdet?:
Sett kryss i en av rutene nedenfor.

8. Forutsatt at pasienten oppndr utbytte av sykchusopphboldet, hva ville veert det laveste nedvendige omsorgsniviet for 4 oppnd
denne gevinsten?:

Sett kryss i en av rutcne nedenfor.

Primaerhelsetjenesten Medisinsk poliklinikk Innleggelse
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EVALUERING VED UTSKRIVELSE FOR PASIENT NR. ... Iﬁﬁ

Tenk dep of pasienten ikior var biitt innlagt op i behandiet anmet sted for det aktuelle problemet:
L Maskey med et kryss pd cn av skalarar nedenfor bvor lang gienstiende levetid pasienten da ville hatt i det mest
fioriepet av tilstanden (NB! Angi gienstiende levetid, - ikke den faktisk oppnddde alder ved dod!)

ville hatt med en loddrett strek pd en av skalaene.
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Dager: 3, R A = & 2 s 8 s 8 A & 2 1 s o 3 a & a8 o o &
1 3 & a "2
MEneder: o 1 . s [ : [ | $ [ []
3 5 0 20 30 o S0 b 70 8 ao
Ar [ 6 Y o .z - 2 2 . x 1 2 [ [] 1
id for frisk perscm ex mzxkert med a £ed prikk

srmynige
2. Tenk deg sclv i pasicntens tilstand. Bestem deg for hvor mye av den gienstiende Ievetiden (som du nd har markest med et
knyss) da ville vare villig (il 4 ofic for 4 fi vare belt frisk fram til dodstidspanktet Marker den gicnstiende levetiden do da

Tewk deg pasientens sitmasjon efter dette sykekmsoppholdet:
3. Marker med et kryss pi en av skalacne nedenfor hvor lang gjenstiende levetid pasienten  har oppaddd som det mest
smsynhige resultatet av oppholdet. (NB! Angi gjenstiende levetid, - ikke den faktisk oppnidde alder ved dod!)

ville hatt med en loddrett strek pé en av skalacne

o 5 0 15 20 25 3o
Dager: 1 R PSP S x N S | X . ’
1 3 r'S 9 2
Meneder: 3 1 . 1 . 1 Y [y
1 3 5 10 20 33 uo 5% ¢ W # a0
Al: [ | [ ] 1] ) 1 ] a A
for em frash prrson er markext med o xed poakk.

4. Tenk deg sclv i pasicntiens tilstand Bestem deg for hvor mye av den gienstiende Ievetiden (som du nd har markert med et
kxyss) da ville vare villig til 4 ofie for 3 £ vaxe helt frisk fram 1il dodstidspomitet. Marker den gjenstiende levetiden do da

5. I bvilken grad kar dette sykehusoppholdet fort til kortvarig bedring av pasicatens belserelaterte Hvshvalitet under og like etter

sykehesopphaldet i forhold til om han/bun fdke var blift innlapt? (Endring av somatiske og psykiske plager osv.):
Sctt kuyss i em av ruicac nedenfor.

i [ s N S SR —

6. I bvilken grad kar dette sykebusoppholdet fort i kortvarig bedring av pasientens Hvskvalitet pd annen mite under og like etter

sykebesoppholdet i forhold i om han/lmm ikke var bitt inolagt? (avhjelping av sosial ned, dedspleic osv.):
Sett kryss i em av rutene nodenfor.
[ stor

ingen Eten moderat
1 1 1 1
7. Har pasicntra hatt diagnostisk wibyite av sykebusoppholdet?:
Sdlh)sig:vmmmhfu’

B nel

8. Forutsatt at pasicaten har hatt utbytte av sylichusoppholdet, bva ville vert det laveste nsdvendige omsorgsniviet for & oppnd

denne gevinsien?:
Sett kryss i em av rutene nedenfor.
Primzerhelsetjenesten Medisinsk polkEnikk Innleggelse
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VEILEDNING FOR UTFYLLING AV EVALUERINGSSKJEMAENE.

I denne studien vil vi sammenligne utbyttet av et sykehusopphold med det utbyttet som forventes
ved innleggelse. Hver pasient vil bli evaluert av forskjellig ekspertgruppe ved innleggelse og
utskrivelse. Evalueringene i de to situasjonene foretas pd samme madte: forst angis forventet
gienstdende levealder og livskvalitet for det tenkte tilfellet at pasienten ikke var blitt innlagt,
deretter anslds pd samme mdte den nytten man antar pasienten vil fa eller har hatt av
sykehusoppholdet. I tillegg skal det béde ved innleggelse og utskrivelse vurderes helsegevinst og
livskvalitetsforbedring pa kort sikt, diagnostisk utbytte og det laveste nodvendige omsorgsniva
Jfor pasienten.

EVALUERING VED INNLEGGELSE FOR PASIENT NR. .........

Tenk deg at pasienten ikke var blitt innlagt og ikke behandlet annet sted for det aktuelle problemet:

Man tenker seg her at pasienten ikke var blitt innlagt og at han heller ikke hadde fatt noe tilbud
pé lavere omsorgsniva (vurderingen av om omsorg pa lavere niva ville veert tilstrekkelig til agi
utbytte kommer i sporsmdl 8). I de fleste tilfelle vil det kunne tenkes flere muligheter for hvordan
det vil g& med pasienten uten innleggelse. Pa bakgrunn av tilgjengelige medisinske data og sunt
Klinisk skionn mé du angi evalueringen i forhold til det forlopet du antar er mest sannsynlig. Det
er altsg ikke det verst tenkelige forlopet uten behandling det sporres etter, men det mest
sannsynlige. Denne forskjellen er viktig, siden vi er vant til & begrunne innleggelser med faren
for alvorlige komplikasjoner, selv om de kan veere forholdsvis sjeldne.Det er heller ikke det
forventede eller "gjennomsnittlige" forlopet for en gruppe av pasienter i statistisk forstand du skal
fram til, men hvordan du tror det vil g& med akkurat denne pasienten! Dersom du feks antar at
pasienten lider av tilstand x som i 50% av tilfellene forer til snarlig dod, men i de resterende 50 %
helbredes uten behandling, ma du bestemme deg for et av disse forlopene. I en del tilfelle vil du
her matte gjette. Bli ikke frustrert av dette, fordi usikkerheten i denne situasjonen er noe av det vi
vil male med denne undersokelsen.

1. Marker med et kryss p4 en av skalaene nedenfor hvor lang gjenstiende levetid pasienten da ville hatt i det mest sannsynlige
forlopet av tilstanden. (NB! Angi gjenstdende levetid, - ikke den faktisk oppnidde alder ved ded!)

Sett forst et kryss pa tidsskalaen for den gjenstdende levetid du tror pasienten ville hatt. Dersom
du tror det dreier seg om mindre enn 1 mdned, setter du et kryss pa den overste skalaen. Dersom
du tror det dreier seg om fra 1 méned til 1 ar, setter du et kryss pd den midterste skalaen. Dersom
det dreier seg om mer enn et dr, bruker du den nederste skalaen. Det kan settes kryss hvor som
helst pé skalaene; ikke bare for hele dager, maneder eller ar der det er angitt markeringer.
Gjennomsnittlig forventet levealder for en frisk person med samme alder og kjonn er angitt med
en rod prikk som et referansepunkt. Det er selvfolgelig anledning til & anta at pasienten vil leve
lenger enn gjennomsnittet, d.v.s. sette krysset til hoyre for det rode punktet. Legg merke til at det
er gjenstdende levetid i forhold til innleggelsestidspunktet det sporres etter; ikke den alder
pasienten faktisk vil oppna.




2. Tenk deg selv i pasientens tilstand. Bestem deg for hvor mye av den gjenstiende levetiden (som du nd har markert med et
kryss) du ville vare villig til 4 ofre for 3 f3 vare helt frisk fram til dedstidspunktet. Marker den gjenstiende levetiden du da
ville hatt med en loddrett strek pi en av skalaene.

Nar krysset som angir forventet gjenstaende levetid er satt, gar du videre med & angi pasienten,
forventede livskvalitet uten innleggelse pa folgende mate: Tenk deg at pasienten fikk valget mellon
to alternativer:

* & leve sin gjenverende levetid med den livskvalitet du antar han da vil ha, eller

* & gi avkall pa noe av sin gjenveerende levetid i bytte mot a fa veere helt frisk hele tidei

Jfram til doedstidspunktet

Jo darligere livskvalitet pasienten antas & ha i det forste tilfellet, jo kortere tid ville han/hun kunn
akseptere & leve dersom hanhun kunne ha full helse. Marker med en loddrett strek de
gjenstéende levetid med full helse som for pasienten ville veere likeverdig med a leve den faktisk
gienstaende levetiden med redusert livskvalitet. Denne streken ma nedvendigvis lokaliseres ti
venstre for eller oppa krysset som markerer gjenstaende levetid. Det ma taes med i beregningei
at pasientens livskvalitet kan variere i lopet av den gjenstaende levetiden, feks. at en me
uhelbredelig cancer vil ha fallende livskvalitet.

Et eksempel: La oss tenke oss at en pasient med hjertesvikt har en gjenstdaende levealder pa f. ek:
2 ar. Dette markeres med et kryss pa den nederste skalaen. Ubehandlet vil pasienten ha my
plager med dyspnoe, odemer o.s.v. Avhengig av hvor mye dette reduserer livskvaliteten, v
pasienten antagelig veere villig til & gi avkall pa noe av denne levetiden dersom han i stedet kunn
veere frisk fram til doedstidspunktet. Tenk deg i pasientens sted, og bestem deg for hvor mye a
levetiden du selv i denne situasjonen ville veere villig til & gi avkall pa utfra dine preferanser. L
oss si det dreier seg om 0,5 ar (tallet er tilfeldig valgt). Du ville da oppfatte det a leve i 1,5 ar sot
frisk, som likeverdig med & leve i 2 ar med de hjertesvikt-plagene du antas a ville fa. Marker 1,5 &
pa nederste skala med en loddrett strek. Legg merke til at dette er et tanke-eksperiment som d
utforer for a fa et mal for pasientens livskvalitet. Tanke-eksperimentet er ikke avhengig av om de
faktisk eksisterer noen behandling som kan gjore pasienten frisk bare han er villig til a oft
levetid.
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Forventet gjenstiende levetid for en jevngammel frisk person er markert med en red prikk.

Tenk deg pasientens situasjon etter dette sykehusoppholdet:

Man tenker seg det mest sannsynlige sykdomsforlopet etter utredning og behandling og gjor «
samme to markeringene pa tidsskalaen i denne rammen som ovenfor. Igjen ma det understrekes
det er det mest sannsynlige forlapet man skal fram til, i motsetning til det optimale, d.v.s. forlop
med den storste helsegevinsten pasienten kunne tenkes & oppna under oppholdet. I en del tilfel
vil behandling som muliggjores av diagnostikk under oppholdet forst bli gjennomfort under




senere opphold (f-eks. kirurgisk behandling av nydiagnostisert neoplasme), eller strekke seg over
flere senere opphold (f.eks. cytostatika-kurer for leukemi). Ogsa i disse tilfellene vil behandlingen
og behandlingsresultatet sta i et arsaksforhold til det aktuelle oppholdet, og taes med i
betraktningen nar man tenker seg pasientens sykdomsforlop. Et eksempel: Pasienter som legges
inn for utredning av coronar hjertesykdom med angiografi m.t.p. operativ behandling ma vurderes
i forhold til den situasjonen de vil veere i etter en senere operasjon, dersom man antar at
utredningen vil fore til at slik behandling er aktuell.

3. Marker med et kryss pA en av skalacne nedenfor hvor lang gjenstiende levetid pasienten vil ha oppnidd som det mest
sannsynlige resultatet av oppholdet. (NB! Angi gjenstiende levetid, - ikke den faktisk oppnidde alder ved ded!)

4, Tenk deg selv i pasientens tilstand. Bestem deg for hvor mye av den gienstiende levetiden (som du nd har markert med et
kryss) du ville vre villig til 4 ofre for 4 fi vere helt frisk fram til dodstidspunktet. Marker den gjenstdende levetiden du da
ville hatt med en loddrett strek pa en av skalaene.
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Forventet gjenstiends levetid for en jevngammel frisk perscn er markert med en red prikk.

S. L hvilken grad vil dette sykehusoppholdet kunne fere til kortvarig bedring av pasientens helse under og like etter
sykehusoppholdet i forhold til om han/hun ikke var blitt innlagt? (lindring av somatiske og psykiske plager osv.):
Sett kryss i en av rutene nedenfor.
ingen liten moderat stor

Her er det sporsmal om kortvarig bedring av helse som folge av sykehusoppholdet, sett i forhold til
om pasienten ikke var blitt innlagt. En spontan bedring av helsen uavhengig av tiltak satt i verk
under oppholdet regnes derfor ikke som gevinst her. Med forbedring av helse mener vi her f.eks:

Lindring av somatiske plager(smerte, ubehag , kvalme etc., etc.)

Lindring av psykiske plager (depresjon, angst etc.)

Bedring av funksjonsevne

etc.
For a gi en pekepinn om hvilken bedring som vil svare til de fire kategoriene ovenfor, vil vi be deg
kikke pa EuroQol-skalaen i protokollen (vedlegg 3). En bedring av helsen er moderat dersom den
omtrent tilsvarer en forbedring pa et trinn pa en av de 5 dimensjonene i skalaen. Bedringen
betegnes som stor dersom den omtrent tilsvarer et sprang pa to trinn av en av dimensjonene eller
en forbedring pa mer enn en av dimensjonene. Dette er bare ment som en illustrasjon pa hva som
legges i kategoriene ovenfor; det er ikke meningen at du skal bruke EuroQol-skalaen nar dette og
det neste sporsmalet besvares.



6. I hvilken grad vil dette sykehusoppholdet kunne fere til kortvarig bedring av pasientens livskvalitet p4 annen mite under og like
etter sykehusoppholdet i forhold til om han/hun ikke var blitt innlagt? (avhjelping av sosial ned, dedspleie osv.):
Sett kryss i en av rutene nedenfor.
ingen liten moderat stor

Dette sporsmalet skal omfatte alle typer kortvarig bedring av livskvaliteten som ikke omfattes av
sporsmal 5. Eksempler:

Avhjelping av akutt vanskelig sosial situasjon (f.eks. akutt pleie)

Bedre forstdelse av egen helsetilstand ved at man finner forklaring

pd symptomer, far informasjon om egen sykdom o.l.

Daodspleie

etc., etc
Sporsmdélet besvares pa samme méte som sporsmal 5, og ogsa her vil vi vise til EuroQol-skalaen
for @ illustrere hvordan kategoriene brukes.

7. Vil pasienten ha diagnostisk utbytte av sykehusoppholdet?:
Sett kryss i en av rutene nedenfor.
ia nei

[ 1

Pasienten regnes d ha hatt gevinst av diagnostikk utfort under oppholdet dersom resultatene av
diagnostikken ville kunne gi gevinst i h.h.t sporsmdl 1 - 6, eller dersom den gir forklaring pa
sykdomsmanifestasjoner (symptomer, tegn, patologiske provesvar o.1.). Avkrefting av foreslatte
diagnoser eller diagnostikk uten at det blir stilt noen diagnose, gir ikke gevinst her.

8. Forutsatt at pasienten oppnir utbytte av sykehusoppholdet, hva ville veert det laveste nadvendige omsorgsniviet for 4 oppni
denne gevinsten? (Spersmalet skal besvares for alle pasienter):
Sett kryss i en av rutene nedenfor.
Primarhelsetjenesten Medisinsk pollkilnlkk Innleggelse

Dette sporsmdlet besvares for alle pasienter, uansett om man tror de vil ha utbytte eller ikke.
Dersom man ikke tror pasienten vil f& noe utbytte, skal men evt. krysse av for laveste kategori.
Med primeerhelsetjeneste menes alle typer tilbud som omfattes av helse- og sosialtjenesten i de
fleste kommuner. Med medisinsk poliklinikk menes vanlig eller o.hj.-konsultasjon pa medisinsk
poliklinikk. Overnatting péa sykehotell regnes ikke som en del av tilbudet pa medisinsk poliklinikk.
Vi har alle en oppfatning av hvilke pasientkategorier som bor behandles pa de forskjellige
nivdene. Det er imidlertid ikke det vi her vil fram til, men hvilket nivd som ville veere nodvendig i
Sforhold til den gevinsten pasienten faktisk ventes G oppnad.



EVALUERING VED UTSKRIVELSE FOR PASIENT NR. .........

Denne evalueringen er nesten identisk med den som foretas ved innleggelse. Forskjellen er at man
nd har data samlet inn under sykehusoppholdet som grunnlag for & ansla sykdomsforlopet bade
med og uten innleggelse. I den grad det fortsatt er flere mulige forlop, velges det mest
sannsynlige. For noen pasienter vil diagnostikk under oppholdet ha muliggjort behandling som er
planlagt og avtalt, men enna ikke gjennomfort under oppholdet. Effekten av slik behandling pd
Jorlopet ma taes med i betraktning (feks operasjoner, strdlebehandling, cytostatika-kurer o.a.)

PAFGR GJERNE TEKST MED PRESISERINGER OG MARKERING AV USIKKERHET DERSOM DU @NSKER, men
husk pa at alle sporsmadlene pa skjemaene skal besvares.

DIVERSE

Evalueringene ma returneres til prosjektkoordinator fortlopende ettersom de fylles ut. Bdde
evalueringsskjemaet og pasientopplysningene skal returneres. Dersom det oppstdr praktiske
problemer m.h.t. evalueringen, kan prosjektkoordinator kontaktes (kl. 0800 - 1600 tif: 083 26000,
kl. 1600 - 0800 tif.083 xxxxx).
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Abstract

Agreement between two expert panels in assessing gain in life expectancy and quality of life from
unselected stays in a department of internal medicine was investigated. Weighted kappa statistics of
0.45 for gain in life expectancy and 0.63 for gain in quality of life were found.

The rising cost of health care makes the optimal allocation of resources a vital issue.
To find the best allocations, it is necessary to estimate the health benefit of competing
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Assessing health benefit

health care programs. Methods for the quantification of health have been developed
(15), but have rarely been used for this purpose. The reason may be that the measure-
ment of health is connected with both practical and conceptual difficulties, some of
which have been discussed elsewhere (11).

Health can be defined as a function of life expectancy and some measure of the
quality of life (15). Although survival and gains in life expectancy are frequently
end points in clinical trials, these results are of limited value in estimating life expec-
tancy gain from hospital care, because restrictive inclusion criteria often make it
difficult to apply them to ordinary patients. Many technologies and treatment modal-
ities have never been evaluated properly in clinical trials. Information about improve-
ments in quality of life is even more scarce. Consequently, evaluation of health
benefits from empirical data alone is not possible, and we are left with clinical judg-
ment as the second best alternative.

Methods based on expert clinical judgment have been used in many different
settings for the evaluation of health care programs. Usually, a selected group of
patients is evaluated according to program-specific criteria, which makes compari-
sous between different programs difficult. To our knowledge, no study has so far
assessed improvement in such general health measures as life expectancy and quality
of life for a group of unselected patients admitted to a hospital department.

The Tromse Medical Department Health Benefit Study relies on consensus in
panels of expert clinicians to estimate gains in life expectancy and quality of life
arising from hospital stays. It was designed to study health effects and resource
utilization in a department of internal medicine. A major objective of the study was
to identify patient groups with very low health gain. To investigate the reliability of
the method, the interpanel agreement for the health measures was studied inarandom
sample of the patients included in the study.

MATERIAL AND METHODS

Subjects

In 1992, 4,567 patients were admitted to the Department of Internal Medicine of
the University Hospital of Tromse. During a six-week period from February 1, 1993,
all admissions to this department were considered for inclusion in the Tromse Medical
Department Health Benefit Study. The groups excluded were: (a) patients transferred
from other university hospitals (n = 3); (b) patients admitted for evaluation or
continuation of treatment started during a previous stay (n = 27); and (c) patients
admitted for inclusion in drug trials (n = 2). One patient was excluded because his
medical record could not be found. Of the 488 remaining, nine planned readmissions
were merged with the primary admission, resulting in the inclusion of a total of 479
hospital stays. Each stay was given a probability of 0.10 of being randomized to the
present study for the purpose of investigating interpanel agreement. Randomization
was performed with a pseudorandom number generator.

Expert Panels

Two expert panels were established. Each expert panel consisted of one internist,

one surgeon, and one general practitioner. All the experts were board-certified special-

ists in their respective fields. None of them had any connection with the department

being studied. All the hospital stays in this study were evaluated by both expert panels.
Before the study began, the experts examined and discussed the evaluation pro-

tocol thoroughly. The study was approved by the Regional Ethics Committee and
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Expected remaining lifetime and quality of life without hospital stay:

: x T >

Cy b4 a

Expected remaining lifetime and quality of life after hospital stay:

C, b, a

Figure 1. Time scales for assessing gain in life expectancy and quality of life. It was
assumed that the patient would not have received any treatment for the current health
problem had he or she not been admitted to hospital. a = Life expectancy of person of
same age and sex in the general population (information given by the project coordinator);

1 = life expectancy of the patient had he or she not been hospitalized; b, = life expectancy
of the patient after hospital stay (life expectancy gain from hospital stay = b, —b,); ¢, =
lifetime in perfect health after having traded off time equal to b, — ¢, in the hypothetical
situation without hospitalization; ¢, analogous to ¢, in the situation after this hospital stay.
Mean quality of life without hospitalization = c,/b,. Mean quality of life after hospital stay
= Colb,. Gain in quality of life from hospital stay = ca/b; —ci/by.

the Norwegian Data Inspectorate. It was subsequently tested in a pilot study with
10 cases.

Data

Detailed descriptions of each hospital stay were compiled from the patients’ discharge
reports and medical records by the project coordinator (BOE), who is a board-
certified specialist in internal medicine. The descriptions included social history,
previous illnesses, current problem, medication, physical findings, results of tests,
treatment during the stay, and plans for further treatment. For patients transferred
to other departments in the hospital, the discharge reports from these departments
were included, as was information from planned readmissions or further diagnostic
procedures within 2 months of the primary admission. The summaries were blinded,
both with respect to the identity of the patients and of their physicians.

Evaluation of Improvement in Life Expectancy and Quality of Life

As part of a questionnaire on the health benefit of the hospital stays, the experts
assessed gain in life expectancy and quality of life. Life expectancy was recorded on
two separate time scales (Figure 1): one for the patient’s situation after the stay (b,),
and one for the hypothetical situation had he or she not been hospitalized or treated
elsewhere (b,). Life expectancy gain was calculated as the difference between these
two assessments. The experts were given information about the life expectancy of
a person of the same sex and age in the general population by a mark on the time
scales (a).
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Quality of life was measured with the time trade-off techniques (16). Using the
same two time scales as above, the experts were asked to decide how much of their
remaining lifetime they would have been willing to exchange for perfect health up
to the time of death, had they been in the patient’s situation. The lifetime left after
this trade-of f was recorded on the time scale, with the average quality of life calculated
as the ratio between this quantity and the total remaining lifetime (Figure 1). A ratio
of 0 corresponded to the lowest possible quality of life, i.e., coma or death; 1.0 to
perfect health. This procedure was carried out for the patient’s situation if he had
not been hospitalized or otherwise treated (c,), and then again for his actual situation
after this hospital stay (c;). The gain in quality of life was defined as the difference
between the average quality of life in the two situations.

Consensus Criteria

The hospital stays were first evaluated by each expert individually. For each of the
two expert panels, consensus between the three experts was defined to exist if: (a)
the difference between the maximum and minimum life expectancy gain estimates
did not exceed 25% of the average estimated life expectancy of the patient after the
hospital stay; and (b) the difference between the maximum and minimum quality-of-
life gain estimates did not exceed 0.20. When both criteria were met, the panel’s
assessment was defined as the median of the three individual assessments. Otherwise,
the case was discussed in a meeting of the three members of the panel, led by the
project coordinator who did not take part in the discussion. After the discussion,
the experts revised their individual estimates, and the median was again taken to
represent the panel’s assessment, even if the consensus criteria were not met.
There was no contact between the two expert panels during the study.

Statistical Methods

To investigate the structure of agreement between the two panels, the assessments
were divided into categories of low, intermediate, and high gain and tabulated against
each other in a 3 X 3 contingency table. The log-linear model of nonhomogeneous
agreement described by Tanner and Young (14) was used for finding separate parame-
ters characterizing each category, the antilog of which we will define here as agreement
parameters. The agreement parameters can be interpreted as the ratio between the
modeled probability of agreement for a category and the probability expected from
chance alone. A value greater than 1 indicates higher agreement than expected by
chance, and a value less than 1, lower agreement. Before fitting log-linear models,
sampling zeroes in the contingency tables were eliminated by calculating pseudo-Bayes
estimates of the cell counts (1).

The weighted kappa statistic was calculated with the squares of the number of
categories of disagreement used as weights (3). Statistical significance was set at p < .05.

RESULTS

Of the hospital stays included in the main part of the Tromse Medical Department
Health Benefit Study, 57 were randomized to the present investigation of interpanel
agreement.

Life Expectancy

The final estimates of life expectancy gain by both expert panels are shown in Figure
2. The median difference between the assessments of panel A and B was 0.0 years
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Figure 2. Life expectancy gain from hospital stays in years estimated by both expert
panels (n = 57).

(range: —12.0to 7.0 years; 5%, — 5.2 years; 95%, 2.5 years). There was agreement
that there would be no life expectancy gain in 26 cases (46%).

Agreement between the expert panels was analyzed with assessments categorized
into low (0-0.5 years), intermediate (0.5-5 years), and high (>5 years) life expectancy
gain (Table 1). The model of nonhomogeneous agreement provided an excellent fit
with a log-likelihood ratio of 0.01, df = 1 (p = .91). The agreement parameter for
low gain was 7.01, for intermediate gain, 3.60, and for high gain, 10.22.

The overall agreement in Table 1 was 0.67, and the weighted kappa statistic was
0.45 (95% confidence interval, 0.18-0.73).

Quality of Life

Estimates of gain in quality of life are shown in Figure 3. The median difference
between the assessments of panel A and B was 0.00 (range: —0.25 to 0.35, 5%,
—0.05; 95%, 0.18). There was agreement that there would be no quality of life gain
in 29 cases (51%).

In the analysis of agreement, the assessments were grouped into three categories:
no gain (0), intermediate gain (0-0.10), and high gain (>0.10) (Table 2). The dividing
line between the middle and upper categories was set as low as 0.10, because there
were very few patients with a high gain. The model of nonhomogeneous agreement
fitted the data well with a log-likelihood ratio of 0.26, df = 1 (p = .61). The
agreement parameter for low gain was 12.81, for intermediate gain, 0.43, and for
high gain, 11.85.
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Table 1. Hospital Stays Categorized According to Life Expectancy Gain by Both Expert
Panels (Pseudo-Bayes Estimates of Cell Counts) (n = 57)

Expert panel B

0-0.5 years 0.5-5 years >5 years Total
0-0.5 years 29 (27.5) 15 (14.4) 3(3.2) 47 (45.2)
0.5-5 years 0 (0.4) 6 (6.0) 0 (0.4) 6 (6.9)
Expertpanel A Sq vears 0 (0.4) 1(1.4) 3(3.2) 4 (5.0)
Total 29 (28.3) 22 (21.8) 6 (6.9) 57 (57.0)
0.8 T
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Figure 3. Quality of life gain estimated with the time trade-off method by both expert
panels (n = 57).

Overall agreement in Table 2 was 0.68, and weighted kappa was 0.63 (95%
confidence interval, 0.45-0.80).

DISCUSSION

The health benefit from a hospital stay is not simply the difference between health
status on admission and discharge. An explicit evaluation of the patient’s prognosis
without hospitalization and without any other form of treatment must also be made.
In this study, we assessed the quantity and quality of life in both situations to find
the effect of the hospital stay, which is the difference between these two assessments.

Agreement

For both measures, the median difference between the assessments of the two expert
panels was zero, and the 90% interpercentile interval quite narrow. However, inspec-
tion of the data (Figures 2 and 3) revealed poor agreement when one of the assessments
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Table 2. Hospital Stays Categorized According to Quality of Life Gain as Assessed With
the Time Trade-off Method by Both Expert Panels (Pseudo-Bayes Estimates of Cell Counts)

(n = 57)

Expert panel B

0 0-0.1 >0.1 Total
0 29 (27.5) 9 (8.8) 0 (0.4) 38 (36.7)
0-0.1 3(.2) 6 (6.0) 1 (1.4) 10 (10.6)

Expert panel A >0.1 1(1.4) 4(4.2) 4(4.2) 9(9.7)
Total 33 (32.1) 19 (19.0) 5 (5.9) 57 (57.0)

differed from zero. The favorable median and interpercentile intervals were a result
of agreement that there would be no improvement in life expectancy for 46% and
in quality of life for 51% of the patients. In addition, there was reasonable agreement
on a few patients with high gain for both measures. To analyze this pattern, the
assessments were divided into categories of low, intermediate, and high gain. Because
the weighted kappa statistic gives no information about agreement for the separate
categories of a contingency table, modeling with log-linear models was used. Models
of nonhomogeneous agreement fitted the data very well, with the probability of
agreement for categories of low or high gain from 7.01 to 12.81 times that expected
from chance alone. From the perspective of priority setting, the ability of a method
to identify patient groups with a very low or high health benefit is essential.

In a recent study, Goldman examined the interreviewer agreement of peer assess-
ment of implicit evaluation of patient care episodes based on a review of medical
records or record abstracts (7). He found only two of 12 studies with kappa values
were consistently above 0.40, the conventional dividing line between agreement char-
acterized as “poor” and “fair to good” (5). For our two measures, weighted kappa
values were 0.45 and 0.63, which compare favorably.

It is also relevant to compare this type of clinical judgment with the reliability
of other clinical methods. Koran (9) reviewed the interobserver agreement on clinical
signs and found kappa values ranging from 0.51 for palpation of the dorsalis pedis
pulse to 0.70 for interpretation of ECGs, which is only slightly better than the expert
panels’ judgments about health benefit. Such judgments obviously can be made with
a reliability comparable with that of methods generally accepted as valuable clinical
tools.

Validity

The validity of the method was not examined in this study. The gold standard would
have been randomization of patients to hospital admission or no treatment followed
by patient self-assessment of quality of life at regular intervals for the rest of their
lives.

For ethical and practical reasons, this was not possible. Instead, clinical judg-
ment, refined by a consensus process, was used to assess the expected prognosis in
the two situations. In clinical practice, it is assumed that doctors can make this type
of judgment about the patient in a consistently valid and rational manner. These
judgments are important determinants of resource allocation in the health care
system. In an investigation of the relation of health benefit to resource utilization,
a method based on clinical judgment will therefore give meaningful results even in
the absence of validation by external criteria.

132  INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 12:1, 1996



Assessing health benefit

Because the method involves assessments of hypothetical situations with varying
health states, patient self-assessment of quality of life was not possible. Medical
knowledge and experience are necessary to make these kinds of judgments. It can
be argued that the patients could have been provided the necessary information by
their doctors, but for practical reasons this would only have been possible for a small
number of patients, and only for those well enough to participate. For some patients,
it would have been unethical to provide detailed prognostic scenarios for the purpose
of this study alone.

Time Trade-off Method

In the study reported here, time trade-off assessments were made using marks on a
time scale instead of interviews. A similar technique was used by Pliskin et al. (12)
in a questionnaire in which they let judges directly assess the number of years to
trade-off for improvement in quality of life. This procedure gives the number of
years in full health equivalent to the patient’s life expectancy and quality of life, and
can be regarded as a direct assessment of healthy years equivalents (HYE), a measure
of health status proposed by Mehrez and Gafni (10). They argue against the use of
time trade-off for measuring HYE as we have done, because the standard gamble
technique must be used to place the HYE within the framework of utility theory (6).
However, several authors argue convincingly that the methods are equivalent (2;4;
8;13).

In many applications of the time trade-off technique, a constant level of quality
of life is assumed. In this study, most of the patients would be expected to have
varying quality of life, and this assumption could not be made. When making time
trade-off in this situation, the HYE of the patient’s lifetime health profile was assessed
directly. Mehrez and Gafni (10) also evaluated an entire lifetime health profile with
varying health state directly, but used the standard gamble instead of the time
trade-off technique.

To find the mean quality of life, we calculated the ratio between the HYE and
the patient’s total remaining lifetime. Since the HYE implicitly incorporates time
preference, i.e., the tendency to value future health states lower than present ones,
this is the mean quality of life after discounting future health states.

Composition of Expert Panels

Three specialists of internal medicine in each panel might have performed better
than three different specialists, but we believe that this would have overemphasized
the importance of the specialized professional viewpoint. This study was concerned
with the final effect of the hospital stay on the patient’s health and, therefore, a
broader perspective than that provided by three internists was needed. The general
practitioner has experience with long-term follow-up outside the hospital of many
of the patients treated in departments of internal medicine and with patients with
similar conditions who for various reasons are never admitted to hospital. The sur-
geon and the internist often cooperate closely and treat many of the same diseases.
The level of agreement obtained indicates that the interaction between these three
perspectives was useful.

Even though considerations about life expectancy and quality of life underlie
decisions about patients in clinical practice, clinicians rarely evaluate these quantities
numerically. The consensus process was essential for limiting the variation that could
be expected when doctors were asked to do so. Nevertheless, there was only agreement
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about broad categories of health gain. Given the paucity of empirical data and the
degreeto which the experts were left to rely on judgment alone, this was not surprising.

CONCLUSION

The method described here cannot be used by individual doctors for accurately as-
sessing improvements in life expectancy and quality of life for individual patients,
but was shown to produce reliable results when used by expert panels for identifying
groups of patients with low, intermediate, and high health gain. The level of
agreement was well above that expected from chance and better than that between
most peer assessments in a recent review of other studies. Moreover, it was only
slightly lower than the level of agreement for other generally accepted clinical
methods.

APPENDIX

To illustrate the assessment technique, some cases with common conditions seen in
a department of general medicine are presented below.

Agreement in both categories of life expectancy gain and quality of life
gain:

Man, 77 years old, widower, retired farmer. Diabetes mellitus from 1976, treated
with an oral agent. Terminated this medication himself after having experienced side
effects. Admitted for initiation of insulin treatment. Symptoms and physical findings
consistent with peripheral neuropathy. Serum glucose 30 mmol/L on admittance.
Given two injections a day of intermediate acting insulin with resulting improvement
in serum-glucose. Appointment made for further adjustment of insulin dose in the
outpatient clinic.

Life expectancy gain: panel A, 3.0 years panel B, 0.6 years
Quality of life gain: panel A, 0.03 panel B, 0.03

Agreement in category of life expectancy gain, disagreement in category
of quality of life gain:

Man, 63 years old, retired fisherman. Except for musculoskeletal pain, not previously
ill. Admitted with acute chest pain caused by an acute posterolateral myocardial
infarction. Treated with streptokinase. Course complicated by transient clinical signs
of pulmonary congestion, pneumonia, and a possible postmyocardial infarction syn-
drome. Echocardiography demonstrated pronounced hypokinesia of the posterolat-
eral wall of the left ventricle and some pericardial effusion. Discharged with aspirin
and enalapril.

Life expectancy gain: panel A, 10.0 years panel B, 7.0 years
Quality of life gain: panel A, 0.45 panel B, 0.10

Disagreement in category of life expectancy gain, agreement in category
of quality of life gain:

Woman, 67 years old, married, on sick leave from job as shop assistant. Hyperten-
sion. Angina pectoris for 1 year, NYHA class I11 despite treatment with propranolol,
isosorbide dinitrate, and diltiazem. Admitted for percutaneous transluminal coronary
angioplasty. Tandem stenosis in the second segment of the left anterior descending
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artery dilated successfully. Treated with heparin for 1 day because of uncertainty
about a possible intimal lesion, no signs of myocardial infarction. Performed 100W
on exercise ECG before discharge. Discharged with reduced doses of propranolol
and diltiazem plus aspirin.

Life expectancy gain: panel A, 0 years panel B, 2.0 years
Quality of life gain: panel A, 0.13 panel B, 0.13

Agreement on no gain for both measures:

Man 68 years, retired fisherman. Several stays for chronic obstructive pulmonary
disease, acute myocardial infarction 5 years ago. Admitted for worsening of his
dyspnea and acute chest pain. No evidence of new myocardial infarction. Treated
with prednisolone for his chronic obstructive pulmonary disease. Doxycycline was
added because he also had fever. Discharged after gradual improvement of his
dyspnea.

Life expectancy gain: panel A, 0 years panel B, O years
Quality of life gain: panel A, 0 panel B, 0
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ABSTRACT. Doubts about the effectiveness of medical care in improving patient health have been raised by
epidemiological studies and by studies of geographical variation and inappropriate use of health care. To investi-
gate this problem, the life expectancy gain (LEG) from consecutive admissions to a department of internal
medicine during a six-week period was assessed by two expert panels, each consisting of an internist, a surgeon,
and a general practitioner. The mean LEG for all admissions was 2.25 years (n = 422). Sixty-one percent had
a LEG of 0.10 years or less, while 5% had a LEG of more than 9.98 years. In a probabilistic sensicivity analysis,
the mean LEG remained greater than zero under assumptions of overestimated positive LEG and underestimated
negative LEG. We conclude that the life expectancy of the majority of the patients was not influenced by the
admission, but that a minority had substantial gains, resulting in a high overall mean LEG. j cLIN EPIDEMIOL
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NTRODUCTION

Jespite impressive medical triumphs over the last decades,
ealth care has come under attack, and the scientific foun-
ation of medical practice is being questioned [1,2]. Claims
an be heard that medical care has little [3,4] or even a
egative effect on population health [5,6], and that scarce
asources are being used inefficiently (7,8]. Studies of appro-
riateness of care and of practice variation indicate that all
ealth care cannot be equally effective [9,10]. New technol-
gies are often introduced without proper scientific evalua-
on [11,12], while randomized clinical trials sometimes
ow that well-established technologies yield no health
enefit when they are evaluated in the end [13,14]. Also,
se decline in mortality from infectious diseases, prior to
\e introduction of immunization and antimicrobial agents,
\dicates that medical innovations may have been less im-
ortant contributors to health improvements in this century
qan is sometimes believed [15-17].

\ddress for carrespondence: Bjorn Odvar Eriksen, Department of Medi-
ne, University Hospital of Tromsa, 9038 Tromse, Norway.
Accepted for publication on 9 June 1997.

Though none of the studies referred to above directly in-
vestigates the benefit obtained by individual patients from
encounters with the health-care system, they all suggest that
on average it may be low or even non-existent. The aim of
the present investigation, which was undertaken as a part
of the Tromsp Medical Department Health Benefit Study
[18], was to explore this possibility by assessing the gain in
life expectancy from consecutive admissions to the depart-
ment of internal medicine of a university hospital. To inves-
tigate claims of inefficiency, we were particularly interested
in the proportion of admissions with no or very low life
expectancy gain. ldeally, estimation of life expectancy gain
should be based on the results of randomized clinical trials
(RCTs). However, a recent study found that only 53% of
the primary interventions applied to patients in a depart-
ment of general medicine were supported by RCTs [19]. In
addition, the external validity of RCTs can sometimes be
questioned because they are performed on selected patient
groups and often cannot be applied directly to other pa-
tients. Thus, estimation of the life expectancy gain from
hospital stays from this kind of “hard” evidence alone is not
possible at present. As the second best solution, we chose



988

a method where lile expecrancy gain was assessed by panels
of expert clinicians. This method has been shown to pro-
duce reliable results for a random sample of the admissions
included in the Tromsp Medical Department Health Bene-
fit Study [18), and has also been used in other similar studies
[20]. However, a method based on clinical judgment has its
obvious limitations. For this reason, the robustness of our
conclusions was tested in a sensitivity analysis assuming dif-
ferent degrees of bias in the assessments. In particular, data
from the literature about the occurrence of adverse events
during hospitalization were used to investigate the effect of
a possible underestimation of iatrogenic life expectancy loss.

MATERIAL AND METHODS
Subjects

In 1993, 5151 patients were admitted to the department of
internal medicine at the University Hospital of Tromsg in
the northern part of Norway. During a six-week period from
| February 1993, all admissions were eligible for inclusion
in the Tromsp Medical Department Health Benefit Study.
Patients transferred from other university hospitals (n = 3),
patients admitted for evaluation or continuation of treat-
ment started during a previous stay (n = 27), and patients
admitted for inclusion in drug trials (n = 2) were excluded,
as well as one patient whose medical record could not be
found. Nine planned readmissions were merged with the
primary admission, resulting in a total of 479 included ad-
missions. For a study of interpanel agreement, a random
sample was obtained by giving each admission a probability
of 0.1 of being drawn. The results of this study have been
published previously [18]. The remaining admissions were
used for the present investigation.

The study was approved by the Regional Ethics Commit-
tee and the Norwegian Data Inspectorate.

Expert Panels

Two expert panels were recruited, each consisting of an in-
ternist, a surgeon, and a general practitioner. All the experts
were board-certified specialists in their respective fields.
None of them had any connection with the department be-
ing investigated.

Assessment of Life Expectancy Gain (LEG)

When a patient was discharged or died in the hospital, a
summary contaming his complete medical history and all
data from the current stay was compiled by the project coor-
dinator, a board-certified specialist of internal medicine.
The summaries were intended to be comprehensive, and
included a social history, previous illnesses, current health
problem, medication, physical findings, results of tests, diag-
nosis, treatment during the stay, and plans for further treat-
ment. They were used by the experts for assessing various
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aspects of health benefit from the hospital stays. The result
of the evaluation of hife expectancy gain (LEG) will be re
ported here.

To esumate the gain i life expectancy attributable t
the hospital stay, the experts estimated life expectancy fo
two situations: (i) for the panient’s prognosis after this hospi
tal stay, taking into account the expected outcome ©
planned treatment after discharge, and (i) for the patient’
expected prognosis in the hypothetical situation had he no
been admitted to hospital or treated elsewhere for his cur
rent health problem. LEG was then calculated as the differ
ence between these two assessments. The experts were in
structed to base their assessments on the best availabll
evidence in each case: RCTs, other empirical data, or clini
cal judgment alone. They were also told to consider th
influence of other diseases and risk factors on Iife expec
tancy. As an aid, the experts were given information abou
the average life expectancy of a person of the same sex an
age in the general population.

The experts also assessed whether patients with a positiv
LEG could have achieved the same gain in an outpatien
clinic or in primary care.

Assessment Protocol

Each admission was randomly assigned to be assessed by on
of the two expert panels. In the panels, the admissions wer,
first assessed by each expert individually. The estimates ¢
the three members of each panel were then compared. Con
sensus was defined to exist when the difference between th
maximum and mintmum LEG estimates did not exceed 259
of the average estimated life expectancy of the patient afte
the hospital stay. When this criterion was met, the panel!
assessment was defined as the median of the three individus
assessments. Otherwise, the case was discussed in a meetin
of the three members of the panel. After the discussion, th
experts revised their individual estimates, and the mediai
was again taken as the LEG, even if the consensus criteri
were not met.

There was no contact between the two expert panels dur
ing the study.

ICD9 Codes

Al ICD9 codes were truncated to three digits and checke:
by the project coordinator for consistency with the diagnos
tic conclusions in the discharge reports. When there wa
more than one code, he also checked that the principz
diagnosis corresponded to the patient’s current healt|
problem

Statistical Methods

Approximate 95% confidence intervals of statistical param:
eters were estimated by taking the 2.5th and 97.5th percer:
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tiles of the bootstrap distribution of the parameter in ques-
tion. The bootstrap distributions were obtained with Monte
Zarlo simulations by drawing 1000 random resamples of size
422 with replacement from the original observations. The
ootstrap distributions of regression coefficients in multivar-
ate linear regression analyses were found by calculating the
east-squares estimates of the coefficients for each of 10,000
-esamples.

Sensitivity Analysis

The mean LEG for all admissions is a function of the pro-
sortion of admissions achieving LEG and the magnitude of
he LEG obrained through each admission. From this
amount must be subtracted iatrogenic life expectancy losses
‘i.e., negative LEG), which are a function of the proportion
>f admissions suffering loss and the magnitude of loss suf-
‘ered by each admission. To investigate the dependence of
he mean LEG on these four variables, a probabilistic sensi-
ivity analysis was performed [21]. Following a method de-
«cribed by Doubilet et al. [22], the variables were varied si-
nultaneously by drawing them from logistic-normal
srobability density distributions in a Monte Carlo simula-
ion. In a logistic-normal distribution, the logit transform-
og(X/1-X)-, of each variable is normally distributed. For
sach variable, the parameters of this distribution were calcu-
ated from the baseline value and the bounds of a 95% con-
1dence interval.

The baseline proportion of admissions obtaining a posi-
ive LEG was taken from the present study, and the lower
ind upper bounds of this variable were set equal to the esti-
nates of expert panels A and B, respectively. The baseline
nagnitude of LEG and its 95% confidence interval were
JIso estimated on the basis of our own data by calculating
he mean LEG for admissions with LEG greater than 0.10
‘ear.

Estimates of the proportion of admissions resulting in life
-xpectancy loss were found in the literature. The percent-
\ge of patients suffering an iatrogenic death in departments
f internal medicine was estimated by Kneel at 2% [23] and
»y Brennan at 0.5% [24]. The percentage suffering major
\dverse events, defined as events that produce considerable
lisability or threaten life, was 9% in Kneel's study, while
he percentage with permanent disability was 0.1% in Bren-
\an’s study. The sums of the two estimates for each of the
tudies were taken as the lower (0.6%) and upper (11%)
sounds for the percentage of admissions with negative LEG,
nd their average as the baseline percentage.

The baseline amount of negative LEG suffered by these
dmissions was arbitrarily set at 50% of the average life ex-
iectancy of a person in the general population who is of
he same age and sex as the patient. The lower and upper
sounds were set at 25% and 75%.

The analysis was repeated with the additional assumption
hat all LEGs were overestimated by 50%.
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RESULTS

Of the 422 patients included in the study, 160 (37.9%) were
women, and 262 (62.1%) men. The mean age was 61.6
years; for women 61.0 years (range 16-94), for men 61.9
years (range 15-90). 152 (36.0%) were elective and 270
(64.0%) emergency admissions. Twenty (4.7%) patients
died in the hospital.

Diagnosis

In total, 110 different ICD9 principal diagnosis were used.
Similar diagnoses were merged so that each diagnostic group
included 10 hospital stays or more (Table 1). Angina pecto-
ris and acute myocardial infarction together accounted for
27.2% of the admissions.

Differences Between the Two Expert Panels

Two hundred fifteen admissions were assessed by expert
panel A (50.9%), and 207 by expert panel B (49.1%). The
difference between the mean LEG of these two groups was
0.32 years (95% confidence interval —0.88-1.42). The per-
centage of admissions assessed to have had a gain less than
0.10 year was 70.2% by panel A and 52.2% by panel B. The
difference between the two was 18.0% (95% confidence in-
terval 8.7-26.9%). In the following analyses, the estimates
of the two panels were pooled.

Life Expectancy Gain (LEG)

The total LEG for all admissions was 949.17 years, and the
mean LEG 2.25 years (95% confidence interval 1.74-2.84).
Only one stay (0.2%) was estimated to have resulted in a
negative LEG, i.e., that the hospital stay shortened the pa-
tient’s life. This patient was an 80-year-old man who had
initially been admitred for hematochezia, and who died
after surgery for a suspected sigmoid cancer. His LEG was
—0.07 years, which is a life expectancy loss of about 1
month. The final diagnosis was diverticulitis with obstruc-
tion, which probably also would have been fatal if it had
not been treated surgically.

Of the admissions, 259 (61.4%) had a LEG of 0.10 years
or less, while 5% had a LEG of more than 9.98 years. The
distribution of LEG is shown in Fig. 1, and the LEG ac-
cording to sex, age group, admission category, and diagnos-
tic group in Table 1. The assessments for the 10 patients
with the highest LEG are presented in Table 2. These pa-
tients together accounted for 33.1% of the total LEG in the
material.

Regression Analysis

The effects of sex, age, diagnosis, and admission type (elec-
tive or emergency) on LEG were examined in a multivariate
linear regression analysis. Dummy variables were used for
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TABLF 1. Mean LEG according to sex, age group, admission category and diagnostic group
for patients admitted to a department of internal medicine (n = 422)

Mean LEG Percent

in years of total
ICD9-code n (%) (95% CI) LEG

Torai — 422 (100.0) 225 (1.74-2.84) 100.0
Sex

Men — 262 (62.1) 203 (1.56-2.59) 56.1

Women — 160 (37.9) 260 (1.51-3.96) 439
Age group

<50 years : 93 (22.0) 4.12 (2.19-6 49) 40.4

50-69 years - 180 (42.7) 218 (1.61-2.80) 41.4

=70 years - 149 (35.3) 1.16 (0.88-1 45) 18.2
Admussion category

Elecuve — 152 (36.0) 181 (1.31-237) 29.0

Emergency — 270 (64.0) 250 (1.73-3.38) 71.0
Diagnostic group

Intectious diseases 001-139 17 (4.0) 8.88 (1.25-18.86) 15.9

Malignant diseases 140-208 42 (10.0) 0.95 (0.58-1.38) 4.2

Endocrinological discases 240-259 1l (2.6) 12.28 (4.36-21.17) 14.2

Acute myocardial infarction 410 30(7.1) 1.03 (0.35-1.83) 33

Angina pectoris 411-414 85 (20.1) 1.79 (1.15-2.53) 16.0

Oxher heart diseases 420-429 45 (10.7) 2.63 (1.78-3.50) 12.4

Cerebrovascular discases 430-438 21 (5.0) 0.22 (0.00-0.49) 0.5

Pneumonia and influenza 480-487 16 (3.8) 297 (1.38-5.02) 5.0

Chronic abstr. puim. disease 496 20(47) 1.24 (0.10-2.99) 2.6

Hepatohiliary/pancreatic discases 570-579 13 (3.1) 2.23 (0.22-4.98) 3.0

Undiagnosed symproms 780-789 30(7.1) 0.07 (0.00--0.23) 0.2

Other 92 (21.8) 2.33 (1.40-3.55) 22.6
Abbreviations: Cl = confidence interval, LEG = life expectancy gain.

n — — St =
i
: —

FIGURE 1. Distribution of
LEG from hospital stays as as-
sessed by the two expert pan-
els (n = 422).

-0.1-01 0.1-1 1-§5 5-10 10-15 >15
Life expectancy gain in years
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TABLE 3. Multivariate linear regression analysis of LEG (n = 422)

Independent variables” Estimate 95% CI1*
Insercept 5.79 (3.05-9.21)
Sex (0=M, 1 =1 0.09 (-095-1.25)
Ape -0.07 (=0.13--002)
Admission category {0 = clecuive, | = emergency) 0.88 (—0.15-2.01)
Infectious Jiseases 5.21 (—1.63-1501)
Malignant diseases 0.60 (—1.74-053)
Endocrinological discases 9.85 (2.38-18.09)
Acute myuocardial infarction -0.74 (-2.04-057)
Angina pectoris 0.13 (—1.15-1.40)
Oiher heart diseases 1.21 (=0.15-2.69)
Cerebrovascular diseases 1.09 (—2.18-0.05)
Pneumonia and influenza 1.42 (—046-3.50)
Chronic obstructive pulimonary disease 0.76 (~246-133)
Hepatobihary/pancreatic discascs 0.21 (—2.26-3.20)
Undiagnosed symptoms -2.06 (—3.35--1.06)
Ahbrevianons: Cl = confidence interval, LEG = Ife expectancy gain

“The discase category “other” serves as reference fur the dummy vanables of the disease categones
'Estimated wath the bootstrap alpgorithin from 10,000 resamples

the diagnostic groups with “other diagnoses” as reference.
Because of non-normal residuals, the bootstrap algorithm
was used for inding 95% confidence intervals for the regres-
sion coefficients. The confidence intervals of the coeffi-
cients for age, endocrinological diseases, and undiagnosed
symptoms did not include zero. Higher age and undiagnosed
symptoms were associated with lower and endocrinological

diseases with ligher LEG (Table 3).

Level of Care

Five of the patients could have obtained a similar LEG in
primary care or in an outpatient chnic. The toral LEG of
these patients was 9.04 years, which was 1.0% of the total
LEG in the matenal.

Probabilistic Sensitivity Analysis

The baseline and lower and upper bounds for the variables
in the probabilistic sensitivity analysis model are shown in
Table 4. In a Monte Carlo simulation of 10,000 runs of the

TABLE 4. Data used for probabilistic sensitivity analysis of
mean LEG

Baseline Lower Upper
(mean) bound bound

Probabilities
Positive Iife expectancy gan 0 388 0298 0478
Negative life expectancy gmin 0.058 0006 0O.110
Life expectancy gain
Positive Iife expectancy gain
(years) 582 5.03 6.62
Negative hfe expectancy gain,
(fraction of Iife expectancy
in general population) 050 0125 0.75

model, the distribution of the mean LEG had a median
1.40 years (mean 1.34, standard deviation 0.42, ran
—1.48-2.57 years, 2.5th percentile 0.36 years, 97.5th pc
centile 2.04 years). A total of 99.2% of the runs resulted
a mean LEG greater than zero.

Running the model under the additional assumption th
all positive LEGs had been over-estimated by 50% result
in a median mean LEG of 0.76 years (mean 0.71, standa
deviation 0.36, range —2.13-1.60 years, 2.5th percent
—0.14 years, 97.5th percentile 1.27 years). A total of 95.9
of the runs yielded a mean LEG greater than zero

DISCUSSION

Prolongation of hife is one of the primary aims of heal
care. The degree to which this aim 1s attained in routi
clinical practice s obviously of great interest to cliniciai
health administrators, and politicians. The present inves
gation has addressed this issue by focusing on internal me:
cine, which accounts for a large part of patient care
hospitals.

When studying the LEG from unselected admssions
a department of internal medicine, assessment by exp
panel is probably the best method available at present.
a previous study of the reliability of such assessments wh
categonized as low, intermediate, and high LEG, we report
an overall agreement of 0.67 and a weighted kappa of 0
[18]. This level of agreement is usually regarded as “fair
good” [25]. However, though reliable, the assessments m
all have been subject to the same bias [26]. To avoid so
of the most obvious sources of bias, we chase experts w
had no connection with the department being studi
Also, surgeons and general practitioners were included
the panels at least in part because it was assumed that tl
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vould be less susceptible to upward bias than would inter-
SES.

In other studies using expert panels, specific guidelines
ar evaluating various outcomes have often been made from
iterature studies and expert opinion. In our study, it was
1ot feasible to use this method for all the different cases
dmitted to a department of internal medicine. Instead, the
xperts were instructed to use the best evidence available
1 each case. They were also instructed to take into consid-
ration all relevant aspects of the patient’s situation that
aight influence his life expectancy, including other 1l-
esses and risk factors.

fean LEG

dur main finding was that mean LEG from admissions to

department of internal medicine was 2.25 years, which
learly does not support the claim that medical care has
tele or no positive effect on patients’ health.

A probabilistic sensitivity analysis was used to investigate
se effect of possible bias on the conclusion that mean LEG
‘as greater than zero. We assumed that upward bias could
ssult from (i) awarding LEG to patients who actually did
ot benefit, and (i) underestimating a possible negative ef-
«ct of the hospital care on patient life expectancy, i.e., that
sme patients had actually suffered iatrogenic life expec-
incy loss. In the model, both the percentages of admissions
ssulting in positive and negative LEG, as well as the magni-
ides of positive and negative gain, were varied simulta-
eously in a Monte Carlo simulation.

We were especially interested in studying the effect of a
igher percentage of iatrogenic life expectancy loss than
1at estimated by the expert panels (0.2%). Therefore, base-
ne data for this effect were taken from the literature. As
r as we know, studies of the occurrence of life expectancy
ss as such do not exist, but at least two studies provide

timates of the probability of major adverse events, these
ing defined as events that produce considerable disability
- threaten life [23,24]. The estimates differ widely (0.6%
:rsus 11%), and the baseline probability of life expectancy
ss was taken as their average (5.8%). This percentage was
:arly 30 times the estimate of the expert panels (0.2%).
’e could not find information on the magnitude of life
pectancy loss suffered by each patient in the literature,

id the baseline of this variable was arbitrarily set as high

50% of the remaining life expectancy of a person of the
me age and sex in the general population. Since patients
we a shorter life expectancy than the general population,

ere is good reason to believe that the true value is lower,

sich means that this assumption would bias the model
ward a lower mean LEG.

When running the model with these mnputs (Table 4),

e median mean LEG was lower than estimated by the

pert panels, but sull as high as 1.40 years. Ninety-nine
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percent of the 10,000 Monte Carlo simulations gave a posi-
tive mean LEG. Repeating the run under the added assump-
tion that all positive LEGs had been overestimated by 50%
still resulted in a positive median mean LEG of 0.76 years,
and a positive mean LEG in 96% of the simulations.

It is not clear whether these results from the medical de-
partment of a teaching hospital are representative of other
parts of health care. One would expect better results from
a teaching hospital than from a local hospital, but we are
not aware of data that would support this assumption. In
surgical departments, the opportunities both for life expec-
tancy gains and losses may be greater than in departments
of internal medicine, but studies would be needed to find
out whether the balance is positive or negative.

The finding of a zero or negative mean LEG would have
supported the claim that medical care has little effect on
population longevity, but a positive mean LEG does not
necessarily imply a positive effect on the population level.
An estimate of the effect on the population level would also
have to take into account the proportion of the population
treated in hospitals and the frequency of readmissions. For
example, if a patient is saved from diabetic coma several
times, this adds to population life expectancy only once, but
each admission would increase the mean LEG of a hospital
department.

However, even if our results do not directly contradict
the views of the most extreme critics of health care [5,6),
other studies, which have examined the effect of medical
care on the population level, do. Mackenbach et al. [27]
found the gain in life expectancy in the Netherlands from
the 1950s to 1980s due to the reduction in mortality for
conditions amenable to medical treatment to be 2.96 years
for males and 3.95 years for females. Studies of causes of
death amenable to medical treatment in other countries
show similar results [28-30]. Bunker et al. [31] estimated
the effect of curative medicine for selected diagnoses on life
expectancy at birth in the United States from data about
the effect of treatments and population at risk. He found
that curative medicine prolonged life expectancy about 3.5
years. Hadley's [32] study of mortality rates in the United
States also concluded with a significant effect of medical
care. These studies all indicate a non-trivial effect of medi-
cal care on life expectancy.

Distribution of LEG

Although the mean LEG was positive, the hospital stays
had little or no influence on the life expectancy of the ma-
jority of the patients. On the other hand, a minority had
considerable benefits (Fig. 1). The positive mean LEG was
a result of the high gain for these few patients, who, in the
opinion of the expert panels, would have suffered premature
deaths if they had not been admitted.

Of the ten patients with the highest gains, none was older
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than 50 years (Table 2), and higher age was associated with
a lower LEG 1n the regression analysis. Gender was not a
significant regressor. Endocrimological diseases predisposed
for high LEG, whereas patients who were not given a spe-
cific diagnosis were least likely to benetit (Table 3). The
list of the ten patients with the highest gains (Table 2)
shows that a large proportion of the total LEG came from
treating life-threatening bacterial infections, complications
of diabetes mellitus, and one patient with cardiac complica-
tions of thyrotoxicosis. Some patients with coronary heart
disease also achieved high gains, but acute myocardial in-
farction and angina pectoris were not significantly associ-
ated with a high LEG (Table 3).

It is noteworthy that a considerable percentage of the
total LEG was attributable to interventions that have been
available for decades (hormone substitution, antimicrobial
agents). Infectious and endocrinological diseases together
accounted for 7% of the admissions and 30% of the total
LEG. In most industrialized countries, these diseases are not
very frequent causes of death. In contrast, malignant, and
cardiovascular diseases were the cause of 53% of the admis-
sions, but only 37% of the total LEG (Table 1).

A high proportion of admissions with low gain is consis-
tent with the high rate of inappropriately performed proce-
dures found in some studies [33]. An nappropriately per-
formed procedure would have a low probability of a LEG
but exposes the patient to an unnecessary risk of iatrogenic
health loss. The sensitivity analysis indicated that there was
a wide margin before this could outweigh a positive LEG,
but the analysis did not consider loss in quality of life, which
is probably more common than loss in life expectancy.

Geographical variation in the rate of hospital admissions
without any noticeable difference in morrality [34] could be
explained by variation in the number of admissions with a
low LEG. As long as the minority of patients with high gain
is identified and admitted, the total number of admissions
will not necessarily be correlated with mortality.

Life Expectancy versus Quality of Life

It would be premature to conclude that the large percentage
of admissions with negligible LEG were unnecessary or indi-
cated inefficient use of health-care resources. Some claim
that the effect of modern health care should be judged more
from its effect on quality of life than on longevity [35-37].
It is possible that the majority of patients with a low LEG
in this study had had an improvement in their quality of
life, and that the percentage of patients with no benefit at
all was lower. This issue will be addressed in another paper.

CONCLUSIONS

Admission to a department of internal medicine had no
influence on the life expectancy of the majority of the pa-
tients. A minority had substantial LEGs, resulting in an

B. O. Eriksen et al.

overall mean LEG of 2.25 years. When assuming that LEG
had been overestimated and iatrogenic life expectancy loss
underestimated in a sensitivity analysis, the mean LEG was
still positive in almost all 10,000 runs of a Monte Carl
simulation.
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Abstract. Eriksen BO, Kristiansen IS, Nord E, Pape JF,
Almdahl SM, Hensrud A, Jager S, Miirer FA,
Robertsen R, Thorsen G (University Hospital of
Tromse; University of Tromse; National Institute of
Public Health, Oslo; Kommunelegekontoret i Bardu,
Bardu; Nordland Central Hospital, Bode; Rana
Hospital, Mo: Asgard Psychiatric Hospital, Tromse:
and Harstad sykehus, Harstad, Norway). Does admis-
sion to a department of internal medicine improve
patients' quality of life? J Intern Med 1998; 244:
397-404.

Objectives. The Tromse Medical Department Health
Benefit Study was designed to estimate health gains
from admissions to a department of internal medi-
cine. We have previously reported that the hospital
stays had no effect on the life expectancy of 61% of
the patients. However, it has been claimed that mod-
ern medicine has a greater effect on quality of life
(QoL) than on life expectancy. The aim of the present
study was to investigate this issue by estimating gains
in QoL for patients admitted to a department of inter-
nal medicine.

Design. The time trade-off method (TTO) was used
for assessing QoL gain from consecutive admissions
during a 6-week period. The assessments were made
by one of two expert panels, each consisting of an

internist, a surgeon and a general practitioner, on
the basis of summaries of all relevant clinical infor-
mation about the patients. Short-term improvements
in QoL during the stay or shortly after discharge were
scored on an ordinal scale.

Results. Of the admitted patients, 41% had gains in
QoL measured with the TTO (mean gain = 0.06;
95% confidence interval = 0.05-0.07; n = 422},
and eight of these had gains equal to or greater than
0.50. Another 40% had gains in health-related
short-term QoL measured with the ordinal scale. In a
multivariate linear regression analysis, emergency
admissions, high age and the disease categories
‘endocrinological diseases’ and ‘pneumonia and
influenza’, were associated with higher gain, and
‘undiagnosed symptoms’ and ‘cerebrovascular dis-
eases’ with lower gain.

Conclusions. As judged by the expert panels, the
investigated department of internal medicine was
effective in improving the QoL of 81% of the admit-
ted patients. Whilst most of the patients achieved
small gains, a minority had gains in QoL correspond-
ing to the treatment of life-threatening diseases.

Keywords: health priorities, health services research,
health status indicators, hospital, patient admission,
quality of life.

Introduction

During the last 20 years, it has been discussed to
what extent modern health care has a positive influ-
ence on the health of patients. Geographical varia-
tions in the use of health care [1-4] and a high
proportion of inappropriately applied procedures in

© 1998 Blackwell Science Ltd

hospitals [5] suggest that all medical care cannot be
equally effective. Furthermore, a high percentage of
unnecessary admissions to hospitals [6-8] implies
that many patients run the risk of complications
from unnecessary interventions. In addition, epi-
demiological studies have cast doubt on the effect of
health care from a population perspective [9-11].

397
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The Tromso Medical Department Health Benelit
Study was designed Lo assess gains in quantity and
quality ol health in a department of internal medi-
cine [I2]. We have previously reported  that
although  some  patients  had  substantial  life
expectancy gains, the life expectancy ol as many as
6 1% was unallected |13 This could indicate a
wasle of resources, butl some authors claim that
modern health care should be judged more from its
effect on quality of life than on life expectancy
|14=16]. Accordingly. one should expect that more
patients would have had improvements in quality of
life than in life expectancy.

The aim of the present study was to address this
issue by estimating gains in quality ol hfe for the
same patients as in our previous investigation ol life
‘expectancy gains [13]. To assess quality of life gain
attributable to a hospital stay, it is necessary to make
an explicit evaluation of the expected quality of life
without hospital admission. Because this presumes
medical knowledge. the assessments were made by
pancls of expert physicians. For measuring quality of
life. we used the lime trade-off technique (TT0),
which has been validated by others [17] and has
been found by us to produce reliable results for a ran-
dom sample of the patients included in the Tromso
Medical Department lealth Benelit Study | 12].
Methodological issucs raised by the method have
been discussed clsewhere | 12].

Material and methods

The University Hospital of Tromso is located in the
northern part of Norway. During a 6-week period
starting on the 1 Pebruary 1993, all 521 admitted
paticnts were considered Tor inclusion in the study.
Patients transferred from other university hospitals
(n = 3), admitted for evaluation or continuation of
treatment started during a previous stay (n = 27) or
admitted for inclusion in drug trials (1 = 2) were
excluded. as well as one patient whose medical
record could not be found. Nine planned readmis-
sions were merged with the primary  admission,
resulting in a total of 479 included admissions.

Two expert panels (A and B) were recruited. cach
consisting ol an internist, a surgeon and a general
practitioner. All the experts were board-certified spe-
cialists.

On admission, the 479 included admissions were
randomized to group 1. 2 or 3 with probabilities of

0.10. 045 and 0.45. respectively. The patients in
group 1 were all assessed by both expert panets for
the purpose ol investigating interpancel agreement.
Group 2 was assessed by expert panel A onlv. and
group 3 by panel 3 only. The experis were blinded 1o
which admissions were included in group 1.°Fhe ran-
domization resulted in 57 admissions in group 1.
215 i group 2 and 207 in group 3.

Assessiments of gains in qualityy of life

When a patient was discharged or dicd in Die hospi-
Tal, a summary containing the complete medical his-
tory and all data from the current stay was compiled
by the project coordinator (BOL). who is o board-cer-
tilied specialist ol internal medicine. The summary
was used by the experts Tor assessing health beneits
Irom the hospital stay. "he results of the evaluation
of gain in quality of lifc (QolL) will be reported here.

Long-term qualivy of life gain. The patients’ expected
QoL was assessed separately by the expert panels for
two situations: (1) for the expected prognosis after
the hospital stay. taking into account planned treat-
ment alter discharge: and (2) lor the expected prog-
nosis in the hypothetical situation had the patient
not been admitted to hospifal or treated clsewhere for
the current health problem. fong-term Qol. gain
(LQG) was then calculated as the difference between
these two assessments 1o find the improvement in
Qol. attributable 1o the hospital stay. The two assess-
ments were made with the time trade-off instrument
(T10) which gives a measure of Qol. in the interval
Irom 0O {corresponding to coma or death) 1o 1 (corre-
sponding to full health) [17]. When using the 1770,
the experts first estimated the patienl's remaining
lifetime. "They then decided how much ol This they
would have been willing to exchange for perfect
health up to the time of death. had they been in the
patient’s situation. ‘The lifetime left after this trade-off
divided by the lifetime belore trade-oll is the 11O
assessment ol the patient's mean Qol.. Details of 1he
procedure have been given previously [12] and an
example of its use can be found in Appendis A.

Short-term quality of life gam. Because the patient’s
remaining lifetime was used as the starting potnt for
trade-off. the TTO's sensitivity for improvement in
QoL of short duration relative (o the remaining life-
time was limited. ‘To compensate for this, the experts
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also classified the improvement in QoL during the
hospital stay or shortly after discharge in the cate-
gories no, low. intermediate or high gain relative to
the expected QoL without admission. As some
patients may have experienced short-term QoL gains
which were unspecific effects of hospitalization. a fur-
ther distinction was made between health-related
short-term QoL gain (HSQG) and non-health-related
short-term QoL gain (NHSQG). The former was
defined as QoL gain resulting from any specific med-
ical intervention or care, e.g. the relief of mental or
somatic symptoms such as pain, nausea or depres-
sion. NHSQG was defined as all other types of QoL
gain. e.g. when the hospital stay provided shelter for a
homeless person or relief from a difficult social
situation.

Evaluation protocol

The admissions were first assessed by each expert
individually. Agreement between the three members
of each panel was defined to exist when (1) the differ-
ence between the maximum and minimum LQG esti-
mates was 0.20 or less. and (2) the HSQG and
NHSQG assessments did not differ by more than one
category. Otherwise. the estimates were discussed in
a meeting and revised. Their median was taken to
represent the panel's assessment.

Statistical methods

Ninety-five per cent confidence intervals (CI) of sta-
tistical parameters were estimated with the bootstrap
algorithm [18]. The bootstrap distribution was
obtained with a Monte Carlo simulation by drawing
10 000 random resamples of size 422 with replace-
ment from the original observations.

A high proportion of observations had the value
zero for the dependent variable LQG. In the multivari-
ate linear regression analysis. the variance of the
residuals was therefore not constant. Since this prob-
lem cannot be solved by transforming the dependent
variable, the bootstrap algorithm was chosen for esti-
mating confidence intervals for the regression coeffi-
cients as well. Their bootstrap distributions were
found by calculating the least-squares estimates of
the coefficients for each of the 10 000 resamples
[18]. All confidence intervals were estimated with
the bias-corrected and accelerated method described
by Efron and Tibshirani [18].

The weighted kappa statistic was used for assess-
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ing agreement between the expert panels [19]. The
squares of the number of categories of disagreement
were used as weights when calculating the statistic.
This study was approved by the Regional Ethics
Committee and the Norwegian Data Inspectorate.

Results
Agreement between the expert panels

For health-related short-term QoL gain (HSQG), the
weighted kappa statistic for agreement between the
two expert panels of admissions in group 1 was 0.70
(95% CI = 0.62-0.79: n = 57). For non-health-
related short-term Qol. gain (NHSQG), it was 0.08
(95% CI from —0.20 to +0.35: n = 57). Thus, the
agreement for the first measure was good, whereas
the second was no better than expected from chance
[20].

The results of the investigation of agreement for
long-term QoL gain (LQG) have been published previ-
ously. The mean difference between the panels’
assessments was 0.02 (95% CI = 0.00-0.04:
n = 57). When classified in categories of no. low and
high gain, the weighted kappa statistic was 0.63
{95% CI = 0.45-0.80: n = 57). i.e. good agreement
[12].

Assessments of groups 2 und 3 (n=422)

These groups were assessed by only one of the two
expert panels. For the rest of the analyses, they were
pooled, giving n = 422. Of these. 160 (38%) were
women, and 262 (62%) men. The mean age was
61.6 years, for women 61.0 years (range 16-94) and
for men 61.9 years (range 15-90). A total of 152
(36%) were elective admissions, and 270 (64%) were
emergency admissions: 20 (4.7%) patients died in
the hospital. The mean length of stay was 8.6 days
(SD = 20.5).

1CD9-codes were truncated to three digits. Related
diagnoses were merged so that each diagnostic group
included 10 admissions or more (Table 1).

Long-term quality of life gain. The mean LQG for all
admissions was 0.06 (95% CI = 0.05-0.07)
(Table 1). The distribution of LQG is shown in Fig. 1:
247 (59%) patients had LQG =< 0.00 (n = 422).
Three of these had negative LQG. A 66-year-old man,
who was admitted in a coma with cerebral haemor-
rhage. and who was discharged to a nursing home

= e
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Table 1 Mean long-term quality of life gain (1LQG| estimated with the tme trade-olf methed. and median health-related short-term quality

of life gain (HSQG) from admissions to a department of internal medicine (n = 422)
Number Mean 1L.QG Median
1CN9-code of patients (‘% {95% confidence interval®l  HSQG
Total 422 (10005 0.06{0.05-0.07) fow
Sex
Men 262(62%) U.06 ((L.054LO8) Low
Women 16} (38%) 0.06 (0.04+-.08) Low
Age group
= 5{) years 93 (22% 0.04 (1).02-0.06) Low
50-69 years 180 (4 3% .05 {0.04-0.07) Low
=70 years 149 (35% 0.0910.06-0.11) Low
Admission calegory
Elective 152 (36%) 0.04 (0.03-0.04) Low
Emergency 270 {64% 0.08(0.06 -00.10) Moderae
Diagnostic group
Infectious discases 001-139 17 (4% 0.11 {0.02-0.200 Moderate
Mallignant diseases 140-208 42 (10 0.06 10.03-0.08) Low
Endocrinological diseases 240-259 11 (3% 0.20(0.06-0.37) Moderate
Acute myocardial infarction 410 30(7%) 0.06 (0.01-0.13) Low
Angina pectoris 411414 85 (20%) 0.03 (0.02-0.04) fow
Other heart discases 420429 45(11%) 0.11 {0.07-0.16) Low
Cerebrovascular diseases 430-438 21 (5%) (1.01(-0.02-0.03) Low
Pneumonia and influenza 480487 16 (4%) 0.18(0.08-0.26) Moderate/high
Chronic obstructive pulmonary discase 496 20(5%) 0.04 (0.01-0.10) Moderate
Hepatobiliary/pancrealic diseases 570-579 13 (3%} 0.07 {0.01-0.14) Low
Undiagnosed symptoms 780-789 30 (7%) .01 (0.00-0.01) Low
Other 92(22%) 0.06 (0.04-0.09} Low

*Estimated with the bootstrap algorithm {rom 10 000 resamples.

whillst still in coma, had a LQG of —0.17. An 18-
year-old man admitted for syncope and treated with
a beta-blocker for a possible long QT-syndrome.
although there was serious doubt about the diagno-
sls, scored —0.01. A 60-year-old man with angina

<0.00 0.00

001-008 0.10-0.19 0.20-028 030-039

pectorls in New York Heart Associatlon class 11, treat-
ed with percutaneous transluminal coronary angio-
plasty. scored —0.03. The procedure was successful,
and the reason for the negative LQG was not obvious
from the summary.

040-049

Long-lem guality of Hife gain (LQG|

Fig. 1 Distribution of long-term
quelity of life gain (LQG) from
admissions to a department of
internal medicine as estimated with

2050 the time trade-off technigue

(n=422).
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Table 2 The eight admissions with long-term quality of life gain (LQG) greater than or equal to 0.50 (n = 422)

Age 1CD9 Admission

Sex in years code category 1QG Details

Female 77 250 Emergency 0.90 Patient with diabetes mellitus treated for hypoglycaemic coma

Male 74 410 Emergency 0.80 Pulmonary oedema caused by coronary heart disease treated
with drugs and mechanical ventilation

Male 61 425 Emergency 0.65 Pulmonary oedmea with atrial fibrillation caused by
cardiomyopathia treated with digitalis and other drugs

Female 67 428 Emergency 0.61 Incipient pulmonary cedema caused by coronary heart disease
treated with drugs

Male 61 296 Emergency 0.53 Psychotic patient treated for dehydration and hypothermia,
antidepressive medication initiated

Female 18 036 Emergency 0.50 Successfully treated meningococcal septicaemia

Male 63 038 Emergency 0.50 Patient with urosepsis treated with antibiotics

Female 86 711 Emergency 0.50 Infectious arthritis of the shoulder treated with antibiotics

The eight patients with LQG = 0.50 accounted for
19% of the total LQG in the material (Table 2).

Short-term quality of life gain. The HSQG is shown in
Table 1. The median for all admissions was low
HSQG. Of the 247 admissions with LQG = 0.00, two-
thirds had some degree of HSQG (four high, 59 inter-
mediate and 105 low).

A total of 79 (19%) had no health-related QoL
gain at all, either LQG or HSQG (n = 422). Of these
admissions, expert panel A judged 3% to have had
intermediate, 28% low and 69% no NHSQG. The cor-
responding percentages for expert panel B were 3, 5
and 93%, respectively. Neither of the panels consid-
ered any of these 79 admissions to have had high
NHSQG.

To summarize, 41% had LQG with or without
HSQG, 40% had HSQG with or without NHSQG, and
19% had no gain or only NHSQG (n = 422) (Fig. 2).

Non-health-related
short-term Qol. gain
(NHSQG), or no QoL

Long-term Qol. gain
(LQG), with or without
shor-teanm gain
{41%)

Heatth-related short-
term QoL gan
(HSQG), with or
without NHSQG
(40%)

Fig. 2 Galn in quality of life from admissions to a department of
internal medicine (n = 422).
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Regression analysis

The effects on LQG of sex, age, admission category
and diagnosis were investigated with a multivariate
linear regression analysis (Table 3). Dummy vari-
ables were used for the diagnostic groups with ‘other’
as reference. ‘Endocrinological diseases’ and ‘pneu-
monia and influenza’ predisposed for higher gain,
and ‘undiagnosed symptoms’ and ‘cerebrovascular
diseases’ for lower gain than the reference.
Emergency admissions and higher age were also sig-
nificantly associated with higher gain.

Discussion

The most important result of this investigation was
the uneven distribution of QoL gain, and in particu-
lar the very low gain for a high percentage of the
admissions. Whilst a minority (2%) had gains of
0.50 or higher as measured with the time trade-off
technique (Table 2). 19% of the admissions resulted
in no health-related QoL gain (Fig. 2).

An attempt was made to find out whether these
19% had had QoL gain that was not health-related,
but it failed because of lack of agreement between
the experts for the NHSQG measure. It cannot be
ruled out that these patients did achieve some
improvement in quality of life, but neither expert
panel estimated more than low NHSQG for more
than 95% of them. Because this type of gain was
defined as not resulting from specific medical inter-
ventions, it can be assumed that they could have
achieved the same benefit without hospitalization.

Another 40% had health-related QoL gain of too
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Table 3 Muluvanate inear regression analysis of long-term quality of life gain (LQGY as estimated with the ume trade-offl technigue

(n=422)

Independent variables®

Parameter estimate

95% canlidence interval*®

Intercept
Sex (0. male: 1. female)
Age
Admission category (t). elective, 1, emergency)
Disease calegory
Other
Infectious discases
Malignant discases
Endocrinological discases
Acutc myocardial infarction
Angina pecloris
Other heart discascs
Cercbrovascular discases
Pncumonia and inlluenza
Chronic obstructive pulmonary discase
Hepatobiliary/pancreatic discases
Undiagnosed symploms

0.02 0.07-0.02
0.0 -(0L03-0.02
0.0011
0.03 0.01-005

0.0004-0.0020

(.00

0.06 0.03-0.15
—0.01 003003
als 0.03-037
0.02 -0.064.07
—0.02 0.05-0.00
04 -0.01-41.09
(LOR =13 10 -0.05
010 0.(13-0.21
-0.03 0.08-0.02
002 01.05-0.08
0.06 =0.0910-0.03

Adjusted R-square = (0.13.

* The discase category ‘other’ serves as a reference for the dummy variables of the disease calegories

**Estimated with the bootstrap algorithm from 10 000 resamples.

short a duration to be detected by the TTO technique.
This group consisted of patients who had experi-
enced relief from. for example, pain faster than they
would have. had they not been treated. For most of
them, the estimated gain was low. Even so, this kind
of benefit is an important part ol what has been
called the Samaritan function of health care [14].
and must continue to be an essential task of
hospitals.

Forty-one per cent of the admissions resulted in
gains detectable by the TTO method. The number of
patients experiencing a certain QoL gain was inverse-
ly related to the amount of gain (Fig. 1). A few
patients with gains of 0.50 or more had been suc-
cessfully treated for life-threatening conditions with
severe reductions in quality of life (Table 2).

Loss in quality of life

Only three patients (0.7%) had negative LQG even if
our Implementatlon of the TTO instrument allowed
for both positive and negative gains. The [requency of
adverse events in departments of general medicine in
other studies has varied [rom 3.6 to 36%. which
probably reflects differences in definitions and meth-
ods [21, 22]. Because the TTO instrument had limit-
ed sensitivily for positive gain, the same may have
applled to negative gain, but it seems unlikely that
the panels would have missed adverse events with

major lasting negalive effects on QoL.

We had no instrument for measuring shorl-term
QoL losses, which therefore could have been experi-
enced by some of the patients. Several kinds of treat-
ments are known lo reduce Qol. temporarily to gain
life expectancy or QoL in the long run. e. g. the treat-
ment of malignant neoplasms with cylostatics.

Factors predisposing for gain in quality of life

From the perspective of priority selting, it is Impor-
tant to identify factors associated with high QoL gain.
In the multivariate linear regresslon analysls, some
of the diagnostic categories were significant regres-
sors (Table 3). Because the groups were heleroge-
neous and did not lake comorbidity into account,
these results should be interpreted with caulion.
Even so, it is noteworthy that patients with symp-
toms without any specific diagnosis had significantly
lower gain than the reference. The same applied to
cerebrovascular diseases, for which effective forms of
treatmenl in the acute phase are only now starting to
emerge.

High age also predisposed for higher QoL gain.
There has been a debate about how (o contain the
costs of the rising use of acute-care hospitals by old
patients [23]. With regard to Qol. our results indi-
cate that it is nol correct to limit access to health care
on the basis of high age alone. When considering
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whether to admit a patient with the intention of
improving QoL, high age should weigh in favour of
admission rather than the opposite.

Since university hospitals often have a lower per-
centage of emergency admissions than other hospi-
tals, the finding that these admissions were
associated with higher gains might imply that the
mean LQG could be higher in these hospitals. A high-
er mean age would also contribute to this tendency.
However, because the diagnostic categories are
important regressors for LQG, these effects could be
counteracted by differences in case mix.

Limitations

The most important limitation of the present study
was that its design did not allow patient self-assess-
ment of QoL. This issue has been discussed in detail
earlier [12]. It can hardly be denied that the patients’
assessments must be the gold standard when it
comes to measuring their own QoL. However, it is
also clear that it is the doctors’ assessments of how
the patients experience different health states that
ultimately determine which diagnostic and therapeu-
tic interventions will be chosen. The good results of
the agreement study indicate that there is consensus
between doctors about QoL gain from hospital stays.
except for NHSQG.

Another important limitation concerns the gener-
alizability of our results. Although there is little rea-
son to believe that the results would have been much
different in other departments of internal medicine
in the developed world. generalization to other parts
of medical care is less straightforward. However. the
diseases treated by internists include many of those
with most severe prognoses. The potential for QoL
gain for patients admitted to departments of internal
medicine is therefore probably at least as great as for
patients in other departments or in primary care.

Conclusions

Based on expert judgement. 81% of the admissions
to a department of internal medicine resulted in
some improvement in health-related quality of life.
The gains were unevenly distributed. Half of these
patients had only short-term improvement in their
QoL. whilst a minority had high gains corresponding
to the successful treatment of life-threatening condi-
tions. The remaining 19% had either no improve-
ment in QoL or improvement which had no direct

© 1998 Blackwell Science Lid Journal of Internal Medicine 244: 397104
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relationship to specific medical interventions and
which probably could have been achieved without
hospital admission. Diagnosis was the most impor-
tant determinant of gain, but high age and emer-
gency admissions were also independently associated
with higher gain.
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Appendix: An example of assessment of
long-term quality of life gain with the TTO
method

A 63-year-old man was admitted for urosepsis. The
exper! panel estimated that he would have lived only
20 days in the hypothetical situation without hospital
admission or treatment elsewhere. Considering his
expecled quality of life, they agreed that they would
have been willing to give up half of these in exchange
for living for only 10 days but in perfect health, i.e. to
trade off lifelime in exchange for quality of life. In this
situation, his mean QoL would have been the ratio
between the lifetime after the trade-off and the life-
time before the trade-off. i.e. 0.50.

The expert panel then made the same assessment
for the situation after he had been successfully treat-
ed [n hospital. They expected a remaining lifetime of
12 years and a quality of life so good that they would
not have been willing lo trade off any lifetime to
improve it. Thus, in this situation his QoL was 1.00.
The gain in QoL attributable to the hospital stay is
found by subtracting from this the value found with-
out hospltal admission, resulting in a long-term qual-
ity of life gain of 0.50.

© 1998 Blackwell Science Ltd Journal of Internal Medicine 244: 397-404
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Abstract

Objectives: High rates of inappropriate hospital admissions have
been found in numerous studies, suggesting that a high percentage
of hospital resources are, in effect, wasted. The degree to which this
is true depends on how costly inappropriate admissions are
compared to other admissions. This study aimed to estimate both
the percentage and cost of inappropriate admissions.

Setting: Department of internal medicine at a teaching hospital.
Subjects: Consecutively admitted patients during a six-week study
period.

Main outcome measures: Assessments of inappropriateness were
based on estimates of health benefit and necessary care level.
These estimates were made by expert panels using a structured
consensus method. Health benefit was estimated as gain in quality-
adjusted life years, or degree of short-term improvement in quality of
life during or shortly after the hospital stay. The direct costs to the
hospital of each stay were estimated by allocating the costs of labor,
“hotel” and overhead according to length of stay and adding to this
the cost of ancillary resources used by each individual patient.
Results: 422 admissions were included. The 102 (24%) judged to be
inappropriate had a lower mean cost (US$ 2,532) than the other 320
(US$ 5,800) (difference 3,268; 95% confidence interval 1,025 to
5,511). The inappropriate admissions accounted for 12% of the total

costs.



Conclusions: Denying care for inappropriate admissions does not
generate cost reductions of the same magnitude. Policy makers
should be cautious in projecting the cost savings potential of

excluding inappropriate admissions.

Keywords

hospital, health benefit, cost analysis, quality-adjusted life years,

internal medicine, quality of life



PRI,

introduction

An “inappropriate hospital admission” can be defined as an
admission that does not result in any significant benefit for the
patient, or which results in benefit which could have been obtained
on a lower care level. Studies from different countries have almost
invariably found high rates of such admissions, with most reported
percentages in the range of 10 to 25 [1-8]. One reason for the
interest in inappropriate admissions has been the belief that they
represent a potential for proportional cost reductions. However, this
hypothesis depends on the assumption that inappropriate
admissions are as costly as beneficial ones, which has so far not

been investigated.

In the Tromsg Medical Department Health Benefit Study, health
benefits as judged by expert panels have been studied in a
department of internal medicine. We have previously reported that
61% of the patients admitted had no gain in life expectancy [9] and
19% no gain in quality of life [10]. In the present study, the benefits
of these patients were recalculated in terms of quality-adjusted life
years (QALY), and necessary care level assessed to estimate the
percentage of inappropriate admissions. In addition, the costs of all
stays were estimated. The primary aim of the study was to
investigate the assumption that significant savings could have been

obtained by denying care for inappropriate admissions. Second, we



wanted to examine the potential for savings by reducing the number
of admissions with the lowest health benefits as well. This was done

by estimating cost according to degree of health benefit.

Ideally, costs should have been estimated from the societal
perspective, since many patients would have been treated elsewhere
if they had not been admitted. However, for the heterogeneous group
of patients admitted to departments of internal medicine, the
alternatives to care in hospital are numerous. It was therefore not
feasible to estimate costs for alternative care. Instead, an analysis
was performed to explore the potential for cost reductions from the

hospital's perspective.



Material and Methods

Subjects

During a six-week period from 1st February 1993, all admissions to
the department of internal medicine at the University Hospital of
Tromsg were eligible for inclusion in the study. Patients transferred
from other university hospitals (n=3), patients admitted for evaluation
or continuation of treatment started during a previous stay (n=27)
and patients included in drug trials (n=2) were excluded, as well as
one patient whose medical record could not be found. Nine planned
readmissions were merged with the primary admission. A 10%
random sample of the patients was used to study the extent of
agreement between the two expert panels recruited for the study
[11]. The remaining 422 admissions were used for the present

investigation.
The two expert panels each consisted of an internist, a surgeon and
a general practitioner. Each admission was randomly assigned to

assessment of health benefit by one of them.

The study was approved by the Regional Ethics Committee and the

Norwegian Data Inspectorate.

Health benefit and necessary care level



Health benefit assessments were made from summaries containing
the patient's complete medical history and all data from the current
stay. The time trade-off method [12] was used for estimating the gain
in healthy-years equivalents (HYE) from the hospital stay relative to a
hypothetical situation where the patient had not been admitted or
treated elsewhere. HYE is a measure of life years adjusted for
quality of life where 1 HYE represents one year in full health. The
time trade-off method finds the number of HYE which the patient
considers equivalent to living the rest of his life with reduced quality
of life because of disease. The measure “healthy-years equivalents”
is almost equivalent to “quality-adjusted life years” (QALY), and the

term QALY will be used in this paper [13].

The time trade-off instrument has limited sensitivity for improvements
in quality of life of short duration relative to the remaining lifetime,
e.g. for the relief of symptoms associated with acute iliness. To
compensate, the experts also graded the improvement in health-
related quality of life during the hospital stay or shortly after
discharge in the categories no, low, intermediate or high gain. Details
about the assessments of quality of life in this study have been
published previously [10]. The expected outcome of planned
treatment after discharge was taken into account when assessing

health benefits.



The experts also assessed whether a patient with health benefit
could have obtained the same benefit in primary care or in an
outpatient clinic. If this was the case, or if an admission resulted in
no health benefit, it was defined as inappropriate, otherwise as

appropriate.

A structured consensus method was used for making the estimates
[14]. The admissions were first assessed by each expert individually.
When there was disagreement according to predefined criteria, the
case was discussed in a meeting of the three members of the panel.
After revision of the individual estimates, the median was taken to
represent the panel's assessment. Further details of the method, a
discussion of methodological problems and results about its reliability

have been published previously [11].

Cost of hospital stays

Direct costs incurred during the stays in the department of internal
medicine were estimated from the perspective of the hospital. For
each patient, costs were estimated on the basis of unit costs and

utilization of services.

Overhead costs were allocated to the service and clinical
departments according to the step down allocation method [15]. The
allocation basis used was the number of employees, square footage,

number of admitted patients or number of patient-days as



appropriate. In the department of internal medicine, physician
salaries were apportioned to wards and services according to the

actual assignments of doctors in 1993.

The fee schedule for outpatients was used for calculating the unit
costs for the service departments. For each department, the charges
for the total production in 1993 was calculated as if all services had
been paid according to this schedule. The total actual costs of the
departments were then divided by these amounts to obtain cost-to-
charge ratios which were multiplied by the outpatient fees to find the
unit cost of specific services. For some services, outpatient clinic
fees did not exist, and estimates of unit costs from an investigation in
a similar hospital were used [16]. Utilization of diagnostic and
therapeutic services for individual patients were recorded from
computerized and manual databases (radiology, clinical chemistry,
endoscopies, cardiologic interventions, hemodialysis, occupational
therapy, blood components, etc.). In the following, the cost of these

services and of pharmaceuticals will be termed “ancillary costs”.

The costs of pharmaceuticals were set at the prices charged by the
hospital pharmacy. Only drugs having a total cost of more than 1% of
the department's total drug costs in 1993 were registered for the
individual patient. The costs of other drugs were apportioned
according to the length of stay for each ward separately, as were

also nursing and “hotel” costs.



Capital costs of buildings and land are not included in the accounts
of the hospital, and were excluded from the cost analysis. The cost
of major equipment was accounted for directly without annual
depreciation, which is not routinely calculated in the hospital
accounts. Because these costs will vary from year io year, they were

averaged over the years 1992, 1993 and 1994 for each department.

All costs were measured in 1993 NOK and converted according to

the exchange rate US$1=NOK 7.50.

Statistical methods

Ninety-five per cent confidence intervals of statistical parameters
were estimatgd with the bootstrap algorithm [17]. Multivariate linear
regression analysis was performed with the SAS statistical package

(SAS Institute, Cary, NC).

Sensitivity analysis

The difference between the mean costs of appropriate and
inappropriate admissions was explored in a probabilistic sensitivity
analysis where all unit costs were varied simultaneously by drawing
them from logistic-normal probability density distributions in 10,000
runs of a Monte Carlo simulation according to the method described
by Doubilet et al [18]. For each unit cost, the parameters of this

distribution were calculated from the estimated unit cost, and from

10



lower and upper bounds of 2.5% and 197.5% of the estimated unit

cost respectively.

11



Results

Inappropriate admissions and health benefits

One hundred-two (24%) of the 422 admissions were inappropriate,
and 115 (27%) resulted in only short-term improvement of quality of
life during or shortly after the stay. Two hundred-five (49%) had
benefits measured as QALY (Table 1). The mean gain in QALY was

2.3 per admission.

Of the 115 admissions with gain in health-related short-term quality
of life, 74 had low, 38 moderate and 3 high gain (Table 1). Clinical
details of the six patients in the low gain category with the highest

costs are listed in Table 2.

Two admissions resulted in a QALY loss, i.e. that the patient’s health
was made worse by the hospital stay (-0.1 and -0.6 respectively).
These admissions were defined as inappropriate. Details of the

admissions with health loss have been given previously [9,10].

Cost analysis

The total cost of the 422 admissions was US$ 2.1 million (Table 3).
Overhead (32%) and nursing costs (27%) made up the largest
proportions of this total. For both the appropriate and the

inappropriate admissions, the ancillary costs were 29% of the total.

12



Table 4 shows the mean cost according to gender, age, admission
type and diagnostic category. The mean cost of the inappropriate
admissions (US$ 2,532) was lower than for the appropriate (US$
5,800) (difference 3,268; 95% confidence interval 1,025 to 5,511). In
a multivariate linear regression analysis of logarithmically
transformed cost with appropriateness, gender, age, admission
category and dummy variables for the diagnostic categories as
independent variables, appropriate admissions were associated with
higher cost (P<0.001) (Table 5). The diagnostic categories “angina
pectoris” (P=0.013) and “undiagnosed symptoms” (P=0.028) were
associated with lower costs. No interactions between

appropriateness and the other variables were detected (P>0.05).

The relationship between appropriateness, health benefit and cost is
further explored in Table 1. The 24% of inappropriate stays
accounted for 12% of the total costs. The 42% of stays which were
either inappropriate or had only low, health-related short-term quality
of life gain, together accounted for 25% of the costs. The mean
length of stay for inappropriate admissions was 4.3 days (95%
confidence interval 3.1 to 5.8), for appropriate admissions 10.0 days

(95% confidence interval 7.9 to 13.1).

Sensitivity analysis

5



When the unit costs were varied simultaneously in a Monte Carlo
simulation of 10,000 runs, none resulted in a higher mean cost for

inappropriate than for appropriate admissions.

14



Discussion

Few investigators of “inappropriate hospital admissions” provide a
definition of this term. Those who do, base their definition on the
concept “health benefit”, or just “benefit” [19]. We are not aware of
any study of inappropriate admissions which has included a
definition of “health benefit”, or a description of methods for
measuring it. Instead, assessments of health benefit have relied on
implicit clinical judgment, either directly or through validation of
instruments by expert physicians [2,19,20]. In the Tromsg Medical
Department Health Benefit Study, a set of explicit criteria designed to
be sensitive to all gains in life expectancy and health-related quality
of life was used in a two-round consensus process. Definitions,
descriptions of methods and results form the application of the
instrument to consecutive admissions have been reported in
previous publications from the study [9,10]. The instrument has been

found reliable for a random sample of the included admissions [11].

According to the final assessment of the two panels, 24% of the
admissions were inappropriate. Previously, we have discussed the
possibility that the experts had overlooked benefits for some of these
admissions [10]. In particular, we were concerned that some of the
patients might have experienced improvements in quality of life from
having a tentative diagnosis confirmed or excluded, even if this did

not lead to improvement in health. The expert panels both estimated

15



that less than 5% of the inappropriate admissions had achieved
more than the lowest degree of this type of benefit. Therefore, it is
unlikely that more than a few of the inappropriately admitted patients
had had improvements in quality of life that made hospitalization

necessary.

However, this result was based on assessments of the patients’
quality of life by physicians, and it could be argued that the rate of
inappropriate admissions would have been different if it had been
based on the patients’ own assessments. The justification for our
approach was that both inéppropriate admissions and the costs of
hospital stays are the results of decisions made by clinicians. These
decisions will be determined by the clinicians' assessments of the
health benefits for patients resulting from various alternatives.
Accordingly, these assessments are relevant measures in
investigations aiming to study the relationship between health

benefits and costs.

The percentage of inappropriate admissions_found in this study was
comparable to those found in other studies, and confirms that there
is a potential for reducing the number of admissions without loss in
health benefits. However, the finding that the cost of these
admissions was less than 50% of that of the others challenges the
hypothesis that this would lead to savings of the same magnitude.

Even if the experts had been biased towards considering patients

16



who had undergone costly interventions as appropriate, this cannot
explain the entire difference in mean cost between the appropriate
and other admissions. Also, the costs of interventions were included
in the ancillary costs, which only accounted for 29% of the total
costs. This would limit the effect of this type of bias on the difference
in mean cost. The most important determinant of cost was length of
stay, which was considerably shorter for the inappropriate
admissions. One reason for this might have been that these patients
were discharged earlier because their low potential for benefit was

recognized soon after admission.

An attempt was made to identify subgroups of inappropriate
admissions with especially high costs by testing for interactions
between appropriateness and other variables in a multivariate
regression analysis. However, although some groups had lower
costs independently of appropriateness, we were not able to identify
any group for which a reduction of inappropriate admissions would
lead to a greater cost reduction than for others. The variables
investigated were gender, age, admission category and diagnostic
category, which specify a rather crude model relative to the detailed
clinical information available about each patient. The resuit of the
analysis does not exclude the possibility that a higher percentage of
savings could be obtained by targeting more carefully defined

subgroups of inappropriate admissions.

17



The 24% inappropriate admissions accounted for 12% of the costs. It
should be noted, however, that we have estimated average costs of
care. When estimating cost savings from admitting fewer patients,
marginal costs, i.e. the additional cost of treating one more patient,
are more relevant. Most of the labor costs, which represented about
two thirds of the hospital's total costs in 1993, are fixed in the short
run. Accordingly, the savings from excluding inappropriate
admissions would have been much less than 12% in this time
perspective. In the long run, all costs are variable, and the cost

savings would have been in the order of 12%.

An important limitation of this study was that the cost analysis was
made from the hospital’s perspective and included only costs
incurred during the hospital stays. Some of the patients denied
hospital care would have been treated on a lower care level and
incurred costs here. Consequently, the savings from excluding
inappropriate admissions could have been lower from a societal than
from the hospital's perspective. A cost analysis from the societal
perspective would have been preferable, but estimating costs
outside the hospital was not feasible in this study because it was
difficult to make assumptions about alternative care for this
heterogeneous group of patients. Coast et al estimated the potential
for societal cost savings from alternative care for inappropriately
admitted patients by assuming average speciality costs and the

same duration of care as in the hospital [21]. It was concluded that
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Table 3 Total costs (US$) and patient-days for 422 admisslons to a department of Internal

mediclne according to appropriateness of admission

Inappropriate Appropriate All admissions
admissions (%) admissions (%) (%)
(n=102) (n=320) (n=422)
Ancillary costs 74,202 (12) 534,514 (88) 608,716 (100)
Nursing labor cost 66,083 (12) 505,084 (88) 571,167 (100)
Physician labor cost 17,493 (13) 118,258 (87) 135,750 (100)
Overhead 87,404 (13) 593,472 (87) 680,876 (100)
*Hotel” costs 13,123 (11) 104,793 (89) 117,916 (100)
Total costs 258,305 (12) 1,856,120 (88) 2,114,425 (100)

Total patient-days 433 (12) 3191 (88) 3,624 (100)
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able 5 Multivariate linear regression analysis of cost (logarithmically transformed)

f admissions to a department of internai medicine (n=422)

dependent Parameter 95% confidence P-value
ariable estimate intervai
tercept 3.12 2.89 t0 3.35 <0.001
ppropriateness (O=inappropriate, 1=appropriate) 0.35 0.23 to 0.47 <0.001
2x (0=M, 1=F) -0.05 -0.16 t0 0.05 0.307
ge 0.00 0.00 to 0.01 0.104
dmission category (O=elective, 1=emergency) -0.10 -0.22 t0 0.01 0.067
iagnostic category
Infectious diseases 0.19 -0.07 to 0.45 0.159
Malignant diseases 0.01 -0.17 to 0.20 0.901
Endocrinological diseases 0.04 -0.27 t0 0.35 0.806
Acute myocardial infarction 0.04 -0.17 to 0.25 0.696
Angina pectoris -0.20 -0.35 to -0.04 0.013
Other heart diseases -0.08 -0.27 t0 0.10 0.378
Cerebrovascular diseases 0.20 -0.04 to 0.44 0.100
Pneumonia and influenza 0.13 -0.15 to 0.40 0.361
Chronic obstr. pulm. disease -0.12 -0.36 t0 0.13 0.348
Heapatobiliary/pancreatic diseases -0.09 -0.38 t0 0.20 0.554
Undiagnosed symptoms -0.23 -0.44 t0 -0.03 0.028
Other 0.00 Reference

djusted R20.11; F=4.508; df=15, 406; P<0.001 (dummy variables used for the diagnostic categories)
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Summary

Background

The high rates of inappropriate hospital admissions found in many studies are
commonly believed to represent a potential for significant cost reductions. However,
this presumes that these patients can be identified before the hospital stay. The aims
of this study were to investigate to what extent this is possible in a department of
internal medicine, and to estimate the costs saved if patients judged at the time of
admission to be inappropriately admitted, are denied care.

Methods

Consecutive admissions during a six week period were randomised for assessment
by one of two expert panels. On the basis of the information available at the time of
admission, the panels predicted the health benefit from the stays and the lowest
necessary care level using a structured consensus method. Admissions with no
benefit or with a lower necessary care level were defined as inappropriate. For each
admission, a final judgement of appropriateness was made after discharge by the
other panel which had access to all information collected during the stay. The
predictions were then compared with these assessments as the gold standard. The
direct costs to the hospital incurred during each stay were estimated.

Findings

The panels correctly classified 88% of the appropriate (n=320) and 27% of the
inappropriate admissions (n=102). If the elective admissions predicted to be
inappropriate had been excluded, 9% of the costs would have been saved and 5% of
the gain in quality-adjusted life years (QALY) lost. The corresponding results for

emergency admissions were 14% and 18%.



Interpretation

The savings obtained by excluding admissions predicted to be inappropriate were
small relative to the health losses. High rates of such admissions do not necessarily
imply that costs can be saved. Programs for reducing inappropriate health care
should not be implemented without investigating their effects on both health

outcomes and costs.

Keywords

cost effectiveness, hospital, health benefit, sensitivity and specificity, cost analysis,

rationing



Introduction

Increasing health care costs have given rise to a variety of strategies for cost
containment. One of them is to deny care when health benefits are negligible. It is
commonly believed that the reduction of unnecessary or inappropriate health care
would result in substantial savings 3 In particular, this applies to inappropriate
hospital admissions, for which high rates have been found in many countries *°.
However, the finding of a high rate of inappropriate admissions retrospectively does
not necessarily indicate a potential for cost reductions. To reduce the number of
such admissions and to obtain savings, clinicians must be able to identify them as
inappropriate before or at the time of admission, that is, before diagnostic and
therapeutic interventions are undertaken. The assumption that this is possible has, to

our knowledge, not been investigated %2,

In the Tromse Medical Department Health Benefit Study, 24% of the admissions to
the department of internal medicine at a teaching hospital were found inappropriate
'3 This estimate was made by expert panels using a structured consensus method
which has been found reliable for a random sample of the included patients . In the
present study, we investigated whether cost reductions could have been obtained by
letting the expert panels predict appropriateness solely on the basis of information
available at the time of admission. The aim of the study was twofold. First, to
estimate the sensitivity and specificity of the these predictions. Second, to estimate
the costs saved if they had been used for reducing the number of admissions and

the potential health losses for patients falsely predicted not to need hospitalisation.



Methods

Subjects

In 1993, 5151 patients were admitted to the department of internal medicine at the
University Hospital of Tromse. During a six week period from 1st February 1993, all
admissions were eligible for inclusion in the study. Patients transferred from other
university hospitals (n=3), admitted for evaluation or continuation of treatment
initiated during a previous stay (n=27) or admitted for inclusion in drug trials (n=2)
were excluded, as well as one patient whose medical record could not be found.
Nine planned readmissions were merged with the primary admission, resulting in 479

included admissions.

These admissions were randomly assigned to three groups with probabilities of 0.10
(group 1), 0.45 (group 2) and 0.45 (group 3). Two expert panels (A and B) were
recruited, each consisting of an internist, a surgeon and a general practitioner who
were all board-certified. For each admission in group 2 and 3, appropriateness was
predicted at admission by one of the panels, and a final judgement of
appropriateness made by the other panel after discharge (Figure 1). The admissions
in group 1 were assessed by both panels after discharge to study inter-panel

agreement .

The study was approved by the Regional Ethics Committee and the Norwegian Data

Inspectorate.



Predictions of appropriateness

An admission was defined as appropriate if it resulted in health benefit which could
not have been obtained on a lower care level. For prediction of health benefit, the
experts were provided with the patient's complete medical history and the results of
the physical examination as obtained at admission. No information about the course
of the hospital stay after the time of admission was given. Using a method which has
been described in more detail previously, the experts then made predictions of the
health gain from the hospital stays in terms of healthy-years equivalents (HYE) ™.
HYE is a measure of life years adjusted for quality of life where 1 HYE represents
one year in full health '*'°, Although there are some theoretical differences between
HYE and the more well-known “quality-adjusted life years” (QALY), the latter term will

be used in this paper '8,

The measurement of gain in QALY has limited sensitivity for improvement in quality
of life of short duration relative to the remaining lifetime. To compensate, the experts
also predicted the improvement in health-related short-term quality of life during the
hospital stay or shortly after discharge relative to the expected quality of life without
admission '°. Finally, they predicted whether patients with health benefits could have

obtained the same benefit in primary care or in an outpatient clinic.

The predictions were first made by each expert individually, and then discussed in a
meeting of the three members of each panel when there was disagreement
according to predefined criteria. Further details of the method, a discussion of
methodological problems and results regarding its reliability have been published

previously .



For each admission, final assessments of health benefit and care level were made
by the other panel after discharge. The results of these assessments, which in the
following will be termed the observations, have been reported in detail previously
131920 The predicted and observed appropriateness of the admissions were
determined from the assessments of health benefit and necessary care level. To
estimate the sensitivity and specificity of the prediction that an admission would be
appropriate, the predictions were compared with the observations as the gold

standard. The formulae used were

no. of admissions both predicted and observed to be appropriate x 100

sensitivity =
no. of admissions observed to be appropriate
and
no. of admissions both predicted and observed to be inappropriate x 100
specificity =

no. of admissions observed to be inappropriate

Group 2 and 3 were pooled for this analysis.



Cost analysis

Direct costs in 1993 NOK (US$ 1= NOK 7.50) incurred by the patients during their
stays in the department were estimated from the perspective of the hospital.
Overhead costs were allocated to the service and clinical departments according to
the step down allocation method 2'. For each patient, costs were estimated on the
basis of unit costs and utilisation of services. Unit costs were estimated for the output
of all service departments (radiology, microbiology, etc.). Utilisation of services was
registered from hospital databases and the medical record for each individual

patient.

The costs of nurse and physician labour and “hotel costs” were apportioned

according to length of stay for each ward separately.

Further details of the cost analysis have been given previously "

Statistical methods

Multivariate logistic regression analyses were performed with the SAS statistical

package (SAS Institute, Cary, NC).

95% confidence intervals of statistical parameters were estimated with the bootstrap
algorithm, except for the logistic regression %. The kappa statistic was used for
assessing agreement between the expert panels for assessments about the

admissions in group 1 2.



Results

Agreement between the expert panels

Group 1 (n=57), in which alll patients were assessed by both expert panels after
discharge, was used! for estimating the agreement for judging that an admission was
appropriate. The overall agreement was 0.75, the kappa statistic 0.41 (95% C10.15 -

0.68), i.e. fair agreement .

Prediction of appropriateness:

Of the admissions in group 2 and| 3 (n=422), the expert panels predicted that 66
(16%) would be inappropriate and 356 (84%) appropriate. The relationship between
these predictions and the observations made by the panels after discharge is shown
in Table 1. The panels were able to identify 88% of the appropriate but enly 27% of
the inappropriate admissions. In other words, the sensitivity and specificity of the
prediction that an admission would be appropriate were 88% and 27% respectively.

The sensitivities and specificities for subgroups are shown in Table 2.

To explore whether there was an association between the predictions and the
observations, a logistic regression analysis was performed with the predictions as the
dependent variable. The observations of appropriateness, gender, age and dummy
variables for diagnostic categories were included as independent variables. Elective
and emergency admissions were analysed separately. For emergency admissions,
the fit of the model was poor (chi-square for covariates 17.56, d.f. 13, P=0.18). For
elective admissions, the fit was better {chi-square for covariates 25.15, d.f. 10,
P=0.005) (Table 3). Only the observation of appropriateness made after discharge

and gender were significant regressors. No interaction between these two variables



was observed (P=0.22). Because the odds ratio for the observations is indicative ;c;f
the panels’ predictive abilities in this model, the absence of this interaction mezis
that these abilities were the same for men and women. However, because of the&
gender variable, the sensitivity and specificity for the two sexes were different. Based
on the crude data, the sensitivity for elective admission of men was 96% and of

women 75%. The specificities were 21% and 50% respectively. Sensitivities and

specificities estimated from the model were similar.

Clinical details of the 5 patients with the greatest predicted health benefits who were
judged to be inappropriate after discharge, and of the 5 patients predicted to be

inappropriate with the greatest health benefits, can be found in Table 4.

Reducing the number of admissions
The mean cost of stay for the inappropriate admissions was US$ 2,532, and for the
appropriate US$ 5,800. The observed mean gain in QALY was 2.3. The median bed-

occupancy rate in the study period was 0.84 (interquartile range 0.79 to 0.89).

Table 5 shows the effects in terms of costs saved and QALY lost from excluding
admissions predicted to be inappropriate. For elective admissions, 9% of the total
costs would have been saved and 5% of the total QALY lost. For electively admitted
men, 10% (95% CI 5 to 17) of the admissions would have been excluded, 5% (95%
Cl 2 to 9) of the costs saved and 2% (95% CI 0 to 9) of the QALY lost (n=102). For
electively admitted women, the corresponding percentages were 34 (95% CI 22 to

48), 17 (95% C 6 to 39) and 12 (95% CI 2 to 33)(n=50).

10



The cost savings from denying care to inappropriate emergency admissions would

have been 14% and QALY losses 18% (Table 5).

Sensitivity analysis

The effect of better prediciions of appropriateness was explored. To obtain a best-
case scenario, the most beneficial adrissions among those which had been faisely
classified as inappropriate were reclassified as appropriate, and the most costly
among those which had been falsely classified as appropriate were reciassified as
inappropriate. Assuming that the sensitivity could cnly be improved slightly from the
observed 88 to 90%, but that the specificity could increase from 28 to 50%, 6 and 23
patients, respectively, would need to be reclassified. Under these assumptions, USE

11,983 was saved per QALY iost (Table 6).

Savings and health losses were also estimated under the assumptions that the
inappropriate admissions had the same cost as the appropriate, and that alt gains in
QALY had been averestimated by 100%. Finally, when combining these twe
assuraptions with improvad sensitivity and specificify, US$ 28,131 was saved per

QALY lost (Table 6).

11



Discussion

At present, any strategy for reducing the number of inappropriate admissions to
hospitals would have to involve clinical judgement in one way or another. To explore
whether this approach can be used for reducing costs without resulting in
unacceptable health losses, we used panels of experienced board-certified
specialists to provide a higher level of expertise than the average admitting
physician. To ensure that the panels had all relevant data available, a board-certified
specialist of internal medicine (B.O.E.) prepared the summaries which were the basis
of their assessments. Even so, the panels’ predictions of appropriateness were poor.
While they were able to correctly identify 88% of the appropriate admissions, only
27% of the inappropriate were detected. If the admissions predicted to be
inappropriate had been excluded, significant savings would have been obtained
(12%), but at the cost of an almost equal percentage of the total benefit in QALY

(14%)(Table 5).

Some difficulty for one panel in predicting the other panel's assessment after
discharge would be expected due to inter-observer variation. However, fair
agreement between the panels was found in the agreement study of group 1.
Uncertainty about diagnosis and effect of treatment at admission was probably the
most important explanation for the poor predictions. Presumably, there was
insufficient information for making any accurate estimate of the effect of the hospital
stays for many of the patients (Table 4). It is difficult to see how this situation could
have been improved for emergency admissions, but more information could perhaps

have been obtained for elective patients before admission to allow better predictions.

12



Since one third of these admissions were inappropriate as judged after discharge,

the potential for better selection of patients was considerable (Table 5).

Rationing based on the panels’ predictions of appropriateness would have saved
USS$ 3,910 per QALY lost for elective and 1,693 for emergency admissions (Table 5).
Since the cost analysis only included costs incurred during the included stays, the
savings may have been under-estimated. The reason is that many patients with
chronic diseases would subsequently have been treated in other parts of the
hospital, e.g. in outpatient clinics and other clinical departments, where more costs
would have incurred, partly as a consequence of decisions about follow-up made
during the included stays. If the patient had not been admitted in the first place,
these costs would have been saved in addition to the costs incurred during the
included stay. In some studies, US$ 50,000 per QALY has been used as an upper

2.2 which in the present

limit for interventions considered to be cost-effective
investigation would correspond to the minimum amount that would have had to be
saved per QALY lost. However, even allowing for a substantial under-estimation of
costs and over-estimation of gains in QALY, the savings per QALY in the present
study would have been lower. In the sensitivity analysis, US$ 26,131 per QALY was
the maximum saving attained when assuming both higher sensitivity and specificity,

more costly inappropriate admissions and lower gains in QALY than observed(Table

6).
One possibility for improving the panels’ predictions could have been to give a more

detailed specification of the alternatives to hospital care. This approach was chosen

by Coast et al who considered 12 alternatives to admission to a department of

13



general medicine and geriatrics. However, although an alternative was found for

20%, few resources were saved by exploiting this potential .

An interesting finding of this study was that rationing of elective admissions would
have had different effects for the two sexes. Few resources would have been saved
and few QALYs lost for men, whereas a 17% cost reduction would have been
obtained at the cost of a 12% loss in QALY for women. The logistic regression
analysis indicated that this effect was independent of diagnosis. The difference was
not caused by different predictive abilities for the two sexes, as this would have been
shown by a significant interaction term between gender and observed
appropriateness. This result suggests that reducing admissions in this manner might

have discriminated women.

Most previous studies of inappropriate admissions have relied on the
Appropriateness Evaluation Protocol (AEP) and similar instruments 2%°. The AEP
has also been used in a major effort to assess the extent of inappropriate health care
in the European Union *. The main differences between the AEP and our method
were that i) the AEP partly relies on information that is only available after admission,
thus precluding its use for predicting inappropriate admissions, and ii) that it is a
screening tool which has been validated against expert clinical judgement, whereas
we used clinical judgement directly for evaluating the admissions 2**32. Qur results
question the assumption that this instrument could reduce hospital costs to any
significant degree without leading to health losses. The same applies to other forms

of utilisation review, which in the USA have been shown to reduce both the number

14



of admissions and costs '%'**3%_ None of these studies includes an assessment of

how this affects the quality and outcome of care.

Two limitations of the cost analysis should be noted. First, we were not able to
calculate marginal costs, i.e. the cost of treating one more patient, which are most
relevant for estimating potential savings. Since the department operated below full
capacity, the savings obtained would have been lower than our estimates. Second,
the cost analysis was made from the hospital’s perspective. A societal perspective
would have been preferable, but the task of estimating societal costs for the
heterogeneous group of patients in a department of internal medicine would have
been insurmountable. It can be assumed that many patients would have been
treated elsewhere if not admitted, and that the societal savings would have been
lower than our estimates. Accordingly, a cost analysis without these limitations would

probably have supported our findings.

We conclude that, in the investigated department, reducing the number of
admissions based on predictions of appropriateness at admission would have
resulted in unacceptable health losses relative to the savings. The extent to which
this conclusion can be generalised is uncertain, but it indicates that a high rate of
inappropriate admissions does not necessarily imply that cost savings of the same
magnitude can be obtained. In the absence of evidence to the contrary, decision
makers should not implement programs to reduce inappropriate admissions without

considering their effects on both costs and heaith benefits.

15



References

1. Eddy DM. Clinical decision making: from theory to practice. Rationing resources

while improving quality. How to get more for less. JAMA 1994; 272: 817-824.

2. Brook RH. Appropriateness: the next frontier. BMJ 1994; 308: 218-219.

3. Berwick DM. Eleven worthy aims for clinical leadership of health system reform.

JAMA 1994, 272: 797-802.

4. Payne SM. Identifying and managing inappropriate hospital utilization: a policy

synthesis. Health Serv Res 1987; 22: 709-769.

5. Coast J, Inglis A, Morgan K, Gray S, Kammerling M, Frankel S. The hospital
admissions study in England: are there alternatives to emergency hospital

admission? J Epidemiol Community Health 1995; 49: 194-199.

6. Bentes M, Gonsalves ML, Santos M, Pina E. Design and development of a

utilization review program in Portugal. Int J Qual Health Care 1995; 7: 201-212.

7. Lorenzo S, Sunol R. An overview of Spanish studies on appropriateness of

hospital use. Int J Qual Health Care 1995; 7: 213-218.

8. Fellin G, Apolone G, Tampieri A, et al. Appropriateness of hospital use: an

overview of Italian studies. Int J Qual Health Care 1995; 7: 219-225.

16



9. Lang T, Davido A, Logerot H, Meyer L. Appropriateness of admissions: the French

experience. Int J Qual Health Care 1995; 7: 233-238.

10. Wickizer TM, Wheeler JR, Feldstein PJ. Does utilization review reduce

unnecessary hospital care and contain costs? Med Care 1989; 27: 632-647.

11. Scheffler RM, Sullivan SD, Ko TH. The impact of Blue Cross and Biue Shield

Plan utilization management programs, 1980-1988. Inquiry 1991; 28: 263-275.

12. Shapiro MF, Wenger NS. Rethinking utilization review. N Engl J Med 1995; 333:

1353-1354.

13. Eriksen BO, Kristiansen IS, Nord E, et al. The cost of inappropriate admissions:
A study of health benefits and resource utilization in a department of internal

medicine. J Intern Med 1999; (In Press)

14. Eriksen BO, Almdah! SM, Hensrud A, et al. Assessing health benefit from
hospitalization: Agreement between expert panels. Int J Technol Assess Health

Care 1996; 12: 126-135.

15. Mehrez A, Gafni A. Quality-adjusted life years, utility theory, and healthy-years

equivalents. Med Decis Making 1989; 9: 142-149.

17



16. Johannesson M. QALYs, HYEs and individual preferences--a graphical

illustration. Soc Sci Med 1994; 39: 1623-1632.

17. Torrance GW, Feeny D. Utilities and quality-adjusted life years. Int J Technol

Assess Health Care 1989; 5: 559-575.

18. Johannesson M. The ranking properties of healthy-years equivalents and quality-

adjusted life-years under certainty and uncertainty. Int J Technol Assess Health

Care 1995; 11: 40-48.

19. Eriksen BO, Kristiansen IS, Nord E, et al. Does admission to a department of

internal medicine improve patient quality of life?. J Intern Med 1998; 244: 397-404.

20. Eriksen BO, Kristiansen IS, Nord E, et al. Does admission to a medical

department improve patient life expectancy?. J Clin Epidemiol 1997; 50: 987-995.

21. Drummond MF, O'Brien B, Stoddart GL, Torrance GW. Methods for the
Economic Evaluation of Health Care Programmes. Oxford; Oxford Medical

Publications; 1997.

22. Efron B, Tibshirani RJ. An Introduction to the Bootstrap. New York: Chapman &

Hall; 1993.

23. Cohen J. Weighted kappa: Nominal scale agreement with provision for scaled

disagreement or partial credit. Psychol Bull 1968; 70: 213-220.

18



24. Fleiss JL. Statistical Methods of Rates and Proportions. New York: John Wiley &

Sons Inc; 1981.

25. Hamel MB, Phillips RS, Davis RB, et al. Outcomes and cost-effectiveness of
initiating dialysis and continuing aggressive care in seriously ill hospitalized adults.
SUPPORT Investigators. Study to Understand Prognoses and Preferences for

Outcomes and Risks of Treatments. Ann Intern Med 1997; 127: 195-202.

26. Kuntz KM, Tsevat J, Goldman L, Weinstein MC. Cost-effectiveness of routine
coronary angiography after acute myocardial infarction. Circulation 1996; 94: 957-

965.

27. Strumwasser |, Paranjpe NV, Ronis DL, Share D, Sell LJ. Reliability and validity
of utilization review criteria. Appropriateness Evaluation Protocol, Standardized
Medreview Instrument, and Intensity-Severity-Discharge criteria. Med Care 1990; 28:

95-111.

28. Mozes B, Rosenblum Y, Rom L, Friedman N, Shabtai E, Porat A. Medical
patients assessment protocol: a tool for evaluating the appropriateness of utilizing
hospital-stay days for acute medical patients; development, reliability and

applications. Am J Med Qual 1996; 11: 18-24.

29_ Restuccia JD. The evolution of hospital utilization review methods in the United

States. Int J Qual Health Care 1995; 7: 253-260.

19



30. Liberati A, Apolone G, Lang T, Lorenzo S. A European project assessing the
appropriateness of hospital utilization: background, objectives and preliminary
results. The Project Steering Group and the Coordinating Center. Int J Qual Health

Care 1995; 7: 187-199.

31. Gertman PM, Restuccia JD. The appropriateness evaluation protocol: a
technique for assessing unnecessary days of hospital care. Med Care 1981; 19:

855-871.

32. Siu AL, Sonnenberg FA, Manning WG, et al. Inappropriate use of hospitals in a

randomized trial of health insurance plans. N Engl J Med 1986; 315: 1259-1266.

33. Restuccia JD. The effect of concurrent feedback in reducing inappropriate

hospital utilization. Med Care 1982; 20: 46-62.

34. Feldstein PJ, Wickizer TM, Wheeler JR. Private cost containment. The effects of
utilization review programs on health care use and expenditures. N Engl J Med

1988; 318: 1310-1314.

35. Schwartz WB, Mendelson DN. Hospital cost containment in the 1980s. Hard

lessons learned and prospects for the 1990s. N Engl J Med 1991; 324: 1037-1042.

20



Acknowledgements

This study was supported by grants from the Norwegian Medical Association Funds
for Quality Improvement and the University Hospital of Tromsa Research Fund. We

are grateful to R. Robertsen and G. Thorsen for participating in the expert panels.

21



Legends

Figure 1 Inclusion of patients and assessment of appropriateness in the Tromsg

Medical Department Health Benefit Study

22



Awysuas , ‘Ayoads |

(ooL) zey {ooL) ozg (0oL} 20t [e0L
(v8) oge (,88) 28z (€1) vz suoissiwpe ajeudoiddy
(91) g9 (z1) 8¢ (,22) gz suoissiwpe ajeudoiddeu

uoiss|wpe je suoydIpald

(%) suoissiwpe ajeudoiddy (%) suoissiwpe sjeudoiddey)

(%) 1ej0L abieyos|p Jaye suoleAIasSqoO

auldIpaw [eulajul Jo Juswiedap B 0} SUOISSIWPE SAIINJ3SUOI Jo ssauajeudosdde Jo suoneAIasqo pue suoidipald | djqel



UoHEINWIS OLED) BJUO © JO SUNI 000"} Wouj wyluoBle desjsioog au Yiim Paje|nojed S|eALalu] 83USPHUOD %S6 PaleI[300. PUE P3jdaLnd-selq

(ss a161) Ge (68 0104) 08 26 J3yi0
(ov 010) 61 (€6 ol V) VL 0€ 68.-08L swoydwis pasoubeipun
(08 @1 0) €€ - 001 €L 6.5-0L5 aseasip Jneasnued/leliqojedeay
(0oL 010) 0S (0oL 01 02) 88 0z 96v aseas|p ‘wind “sqo J1UoIyD
(ool ©10) sz (oo ©328) £8 ol 18¥-08Y BZUBN}jUI PUB BlUOWNBUG
(oot 91 0) 0s (oot ©118) v6 1z 8EY-0EY 9SE3SIP JENOSEA0IGRIDD
(001 @ 0) [+14 (86 03 08) 06 [+14 6202 aseasip Yeay Jaui0
(es 012) 62 (001 o1€6) 16 g8 pLy-LLy suojoad eulbuy
- 0 (0oL ©198) 96 ot oLy uonaseyul [elpiesoiu sindy
(0oL ©10) 19 (0oL ol ep) S L 652-0vC aseasip |eaibojounsaopuy
(ec ©10) oL (26 0192) 88 (44 80Z-0v1 aseasip jueubie
(0oL 01 0) 14 (001 ©109) S8 LL 6E1-L00 aseasip snoioaju|
:A1068}e2 oppsoubeig
(9e o1 €1) 74 (z6 o1 ¥8) 88 0.2 fousbiawy
ey o161) L\ (6 o1 €8) 68 4] aAR9|g
:A106a3es uoisspupy
(15 0112) se (16 0182) g8 6vl sieak 0/=<
(oe 016) Ll (s6 ©358) 06 081 s1eak §3-05
(0s o161) (4% (96 01 18) 68 €6 sieah 06>
:dnoib aby
(6% o1 61) €€ (88 012} 18 (o]:]1 USWOM
(se orgL) 74 (96 01 68) €6 414 uay
:x88
(zg ov6L) 1z (z6 o168) 88 [444 2oL
{19 %s6) (%) Aoutdads {19 %56) (%) Aanisuag N 8po2-6Q2|

abieyasip Jaye ajeudosdde pabpn| aq pjnom suoissiwpe ue jey} uopapaad ,sjaued padxs ayj jo Ajoyoads pue Kjjalsues Z alqel




600°0=d '0l ¥'P ‘S)'GZ SAEUEAODD J0j ajenbs-D

(areudoidde=| ‘syeudoiddeul=Q)

(62601 L¥'L) [AR> 100 LE'L abueyosip Jaye ssauajeudoidde paniasqQ
00’} aouaseey 000 1BYIo
{£1'901 ¥1°0) 260 £6°0 80°0- swojdwis pesoubelpun
(56'6 0} 120) ov'l 0.0 8£°'0 saseas|p opeasoued/lieliqoiedeaH
(v0'801 12°0) 62’1 6.0 520 saseas|p Leay Jayl0
(6¥°L 0 2¥°0) Ll 124" 160 suojad euibuy
(ge'z 01 ¥0°0) LE0 920 8lL- saseas|p [e2)6ojouloopu3
(ge'v o vZ'0) z0'L 160 200 saseas)p jueubiiep
(Z1'501 20°0) 820 6E°0 7L $95€9S|p SNONJ3YU|
Aobajed asessiq
(Le710) 1LL0) 660 ¥6'0 L0'0- 01 Aq papiap sJeak ul aby
(¥£°00) 60°0) 920 100 9¢g’|- (eleway=| ‘afeui=Q) xog
1 {AY 9e’l jdaaseuy
|ealajul ajew|)sa
29UapIUOI %56 ones sppo d Jajsweled sajqeneA juapuadapu)

{zs vnswm._u:uw_u Jaye ajeudosdde

pabBpnl aq Jj1m uoISSIWPE 3A198]8 UE Jey) uoldIpasd auy jo sishjeue uojssaiBai onsifio) sjelteAnIN € ajqel



‘ulepiem pue rwedelsa ‘uxoybip

Uim pajeas | “eipedoAwolpleo paje)ip oiyiedolp) AQ pasnes uoneuqy [BLIE J0) pajILpY ¥S6'c ATVO8  9eudosddeu) sz 9 sjeway
sisdasoun pajeal) A)nyssasong 19¢€'9g AlvD 2L ojeudosddeu; ggo £9 Je
‘Pauueld ssedAq Aieuciodepoy ‘ajoLjuaA Yoy
Jo eisaunjodAy pue Aispe Aieuoiod Buipusosap sousjue Y9 Jo sisousd)s pamoys Aydesboibue
Aieuoiod ‘uted 1sayo 10) papiwpe MoN ‘sojdad euibue a|qissod 10} pasapisuoo Kisnonaig gLE'S ATVD el oleudorddeu; ¢4 b olewaq
‘Paleniurjuauwiean uinsuj g @s0onj6-g ‘g'glL DLvaH
"elwao|BradAy jusysisiad Mo "sieef 1no) Joj snyljjaw sa)aqelp Juspuadsp-ulnsul-uoN B6€'L ATvD €L eleudoisddeu) (g7 09 EIN|
‘uoIssiwpe je
elwaeondas se pascubelp JoN '199000jdass v dnosb Um elwaeandas pajesy) Anjssaoong €12'L ATVD LG  @jeudoiddeu) ggo 87 9eway
“Aydeisboibue Areuosod uo sbuipuly
leuuoN “uted ysayo olsiiajoeleyoun “Alsnonald sieak € Uonoseyul JeipJesol ajnoy 661'L sjendosddeu; AvD 2 FAR 2 12 3e
[e)dsoy ul skep t Jale paiq "sisAjeipoway
PUE UoneusA [eajueyoaW yim pajeal] -ainjie) ueblo-finw pue eiwaesydes Joy pagiwpy  622°'/L sjeudoiddeu;  AvD 6 S8/ ) Je
"PaINIsul jou wnisaubew ‘ynsal suipspiog
‘dnxiom Jo ped se Buipeol wnissubew J0j pspiwpy “elp1edAyoe) Jejnaujuaseldns onsAxoleq 119 sjeudosddeu;  AvD L1 VA4 0ob  dewdy
"auNoAohxop usalb sem sy pue
punoj sem Ja)) ewseldodAu pajeas)s uy ‘siskidowsy Wbys pue Janay o asnesaq
Papiwpesy “Jalluea shep ¢ sonoiqiue yym pajeal; ejuownaud Joy Aeys saye pabieyosiqg 2£9 ajeudosddeu;  AVD 62 8% (%3 de
'UOISSIIPE JnoLM JJauRq yileay awes sy pey aAey pinod o} pabpnr ‘sonoigiue UM pajeal |
shijisuo) [esgoo0idass ajnoe aAey o) pasoubelp sem Jng ‘siibujuaw pajoadsns Joy pagiwpy pLL'L Jjendoiddeu;  LATVD 05 ¥€0 8¢ oleway
paAlesqo  pajdlpald
$Sn ul ureb yjeay apos  sueak
S{1e3ap [eaiul) 3S03 [BJO | /ssaudjendorddy 600l waby xag

S)yausq uieay parsasqo pue pajarpaid usamaq Asuedasosip 3ssjeald ayy yum sjuaned gf 8yl  siqel




(9L aa8) 2L (82 91 02) vz (g89's o1 669) €66'L  (LZ @G) vl (zz @19) z1L (61 orzL) 9l (zZzy=v) v
(gL o19) 0L (ez ayL) 61 (5zg'o o v2v) €69t  (¥€ O19Q) 8L (9z a15) ¥l (6L 01LL) ¥ (022=u) fouabraw3
(9z o1 1L) L1 (v o1 22) v& (aps'Lz o) 288°'L) o16'c (2L o1 L) § (5L o6) 6 vz arzL) 81 (251 =u) annoe|3
(1D %g6) pares (1D %G6) Pajiwpe Jou (12 %56) 1501 ATVO (1D %56)1S0l ATYD (1D %S6) peaes (1D %G6) Papiwpe jou
SJS09 JO JUaD Jad sjuaned 4o Juad Jad J($SN) paaes SIS0 uiueb joyads tad  S)S09 JO JUdd Jad sjualjed j0 Juad Jad
; Kiobayed
uoissiwpy
109pad usaq pey panwpe Agjeudoiddeut

suonoipald ji sjoaye [enuajod

uaaq aAey o) payoipald syusned Bupiiwpe Jou Jo S109)3

(zz=u) 10apad usaq pey suotjdipald ay) ) s}0aya jenusyod ay) 03 pasedwod UOISSILIPE J@ apew
ssauajendoidde Jo suonoipald Jo siseq ay} Uo auldPaW [BUIBUl JO Juswpedap e 0} SUOISSIWPE JO JaquInu 8y Buionpas Jo s123)43 G 3|qel



LEL'9Z 0.8'GLy 9l Pauiquiod sAcqe SOUBUBDS aaJy) 3y} JO iy

2e6'e $86'292 19 %001 £q ATvD ul suieb jje 0 uonewss-1anQ
99r'z 269'0e€ veL [enba suoissiwpe sjeudoiddeu) pue sjendoidde Jo json
€86'L) 66€'L8¢ A %05 Aoyioads pue %06 Aiasuss

sishjeue Aaysuas u) suondwnssy

196'L $86'292 vEl Apnis yo Jnsay
180l ATVD
/$SN) peAes sis0) pases ($3Sn) si1s0D 1S0| ATVD

ajendoiddeu) aq o) payaipasd suolssiwpe Buipnjoxs wouy sbuiaes 1502 pue sassoj yjjeay jo sisAjeue AyAnisuag g ajqe Tl



All admissions to the

department during the

six week study period
(n=521)

Excluded (n=33)

v

Planned
readmissions merged
with primary
admission (n=9)

Admissions included
in the study (n=479)

10%
Randomisation

45% 45%

Group 1 (n=57).
Appropriateness
assessed by both
expert panels after
discharge for study of
inter-panel
agreement

Group 2 (n=215):
Appropriateness
assessed by expert
panel A after
discharge and
predicted by panel B at
admission

Group 3 (n=207):
Appropriateness
assessed by expert
panel B after
discharge and
predicted by panel A at
admission







10.

11.

12.

*

ISM SKRIFTSERIE -~ F@R UTGITT:

Bidrag til belysning av medisinske og sosiale forhold i
Finnmark fylke, med serlig vekt pd forholdene blant
finskzttede i Ser-Varanger kommune.

Av Anders Forsdahl, 1976. (nytt opplag 1990)

Sunnhetstilstanden, hygieniske og sosiale forhold i Ser-
Varanger kommune 1869-1975 belyst ved medisinal-
beretningene.

Av Anders Forsdahl, 1977.

Hjerte-karundersgkelsen i Finnmark - et eksempel pa en
populasjonsundersoskelse rettet mot cardiovasculere
sykdommer. Beskrivelse og analyse av
etterundersekelsesgruppen.

Av Jan-Ivar Kvamme og Trond Haider, 1979.

The Tromseg Heart Study: Population studies of coronary
risk factors with special emphasis on high density
lipoprotein and the family occurrence of myocardial
infarction.

Av Olav Helge Fprde og Dag Steinar Thelle, 1979.

Reformer i distriktshelsetjenesten III: Hypertensjon i
distriktshelsetjenesten.
Av Jan-Ivar Kvamme, 1980.

Til professor Knut Westlund pa hans 60-ars dag, 1983.

Blodtrykksovervdkning og blodtrykksmaling.
Av Jan-Ivar Kvamme, Bernt Nesje og Anders Forsdahl, 1983.

Merkesteiner i norsk medisin reist av allmennpraktikere -
og enkelte utdrag av medisinalberetninger av
kulturhistorisk verdi.

Av Anders Forsdahl, 1984.

"Balsfjordsystemet." EDB-basert journal, arkiv og
statistikksystem for primerhelsetjenesten.
Av Toralf Hasvold, 1984.

Tvunget psykisk helsevern i Norge. Rettsikkerheten ved
slikt helsevern med s@rlig vurdering av
kontrollkommisjonsordningen.

Av Georg Hpyer, 1986.

The use of self-administered questionnaires about food
habits. Relationships with risk factors for coronary
heart disease and associations between coffee drinking
and mortality and cancer incidence.

Av Bjarne Koster Jacobsen, 1988.

Helse og ulikhet. Vi trenger et handlingsprogram for

Finnmark.
Av Anders Forsdahl, Atle Svendal, Aslak Syse og

Dag Thelle, 1989.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

Health education and self-care in dentistry - surveys and
interventions.
Av Anne Johanne Sggaard, 1989.

Helsekontroller i praksis. Erfaringer fra prosjektet
helsekontroller i Troms 1983-1985.
Av Harald Siem og Arild Johansen, 1989.

Til Anders Forsdahls 60-ars dag, 1990.

Diagnosis of cancer in general practice. A study of delay
problems and warning signals of cancer, with implications
for public cancer information and for cancer diagnostic
strategies in general practice.

Av Knut Holtedahl, 1991.

The Tromsg Survey. The family intervention study.
Feasibility of using a family approach to intervention on
coronary heart disease. The effect of lifestyle
intervention of coronary risk factors.

Av Synngve Fegnnebg Knutsen, 1991.

Helhetsforstaelse og kommunikasjon. Filosofi for
klinikere.
Av Age Wifstad, 1991.

Factors affecting self-evaluated general health status -
and the use of professional health care services.
Av Knut Fylkesnes, 1991.

Serum gamma-glutamyltransferase: Population determinants
and diagnostic characteristics in relation to
intervention on risk drinkers.

Av 0dd Nilssen, 1992.

The Healthy Faith. Pregnancy outcome, risk of disease,
cancer morbidity and mortality in Norwegian
Seventh-Day-Adventists.

Av Vinjar Fegnnebg, 1992.

Aspects of breast and cervical cancer screening.
Av Inger Torhild Gram, 1992.

Population studies on dyspepsia and peptic ulcer disease:
Occurrence, aetiology, and diagnosis. From The Tromso
Heart Study and The Sgrreisa Gastrointestinal Disorder
Studie.

Av Roar Johnsen, 1992.

Diagnosis of pneumonia in adults in general practice.
Av Hasse Melbye, 1992.

Relationship between hemodynamics and blood lipids in
population surveys, and effects of n-3 fatty acids.

Av Kaare Bgnaa, 1992.



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Risk factors for, and 13-year mortality from
cardiovascular disease by socioeconomic status.
A study of 44690 men and 17540 women, ages 40-49.
Av Hanne Thiirmer, 1993.

Utdrag av medisinalberetninger fra Sulitjelma 1891-1990.
Av Anders Forsdahl, 19893.

Helse, livsstil og levekar i Finnmark. Resultater fra
Hjerte-karundersgkelsen i 1987-88. Finnmark III.
Av Knut Westlund og Anne Johanne Sggaard, 1993.

Patterns and predictors of drug use.

A pharmacoepidemiologic study, linking the analgesic drug
prescriptions to a population health survey in Tromseg,
Norway.

Av Anne Elise Eggen, 1994.

ECG in health and disease. ECG findings in relation to
CHD risk factors, constitutional variables and lé-year
mortality in 2990 asymptomatic Oslo men aged 40-49 years
in 1972. .

Av Per G. Lund-Larsen, 1994.

Arrhythmia, electrocardiographic signs, and physical
activity in relation to coronary heart risk factors and
disease. The Tromsg Study.

Av Maja-Lisa Legchen, 1995.

The Military service: mental distress and changes in
health behaviours among Norwegian army conscript.
Av Edvin Schei, 1995.

The Harstad injury prevention study: Hospital-based
injury recording and community-based intervention.
Av Bgrge Ytterstad, 1995.

Vilkar for begrepsdannelse og praksis i psykiatri.
En filosofisk undersskelse.
Av Age Wifstad, 1996. (utgitt Tano Aschehoug forlag 1997)

Dialog og refleksjon. Festskrift til professor Tom
Andersen pd hans 60-ars dag, 1996.

Factors affecting doctors’ decision making.
Av Ivar Sgnbg Kristiansen, 1996.

The Sprreisa gastrointestinal disorder study. Dyspepsia,
peptic ulcer and endoscopic findings in a population.
Av Bjgrn Bernersen, 1996.

Headache and neck or shoulder pain. An analysis of
musculoskeletal problems in three comprehensive
population studies in Northern Norway.

Av Toralf Hasvold, 1996.



39.

40.

41.

42.

43.

44,

45.

45B

46.

47.

Senfelger av kjernefysiske prevespreninger p& eygruppen
Novaya Semlya i perioden 1955 til 1962. Rapport etter
programmet “Liv”. Arkangelsk 1994.

Av A.V. Tkatchev, L.K. Dobrodeeva, A.I. Isaev,

T.S. Podjakova, 1996.

Helse og livskvalitet pa 78 grader nord. Rapport fra en
befolkningsstudie pa Svalbard hesten 1988.

Av Helge Schirmer, Georg Hgyer, Odd Nilssen, Tormod Brenn
og Siri Steine, 1997.

Physical activity and risk of cancer. A population based
cohort study including prostate, testicular, colorectal,
lung and breast cancer.

Av Inger Thune, 1997.

The Norwegian - Russian Health Study 1994/95. A cross-
sectional study of pollution and health in the border
area.

Av Tone Smith-Sivertsen, Valeri Tchachtchine, Eiliv Lund,
Tor Norseth, Vladimir Bykov, 1997.

Use of alternative medicine by Norwegizn cancer patients
Av Terje Risberg, 1998.

Incidence of and risk factors for myocardial infarction,
stroke, and diabetes mellitus in allmenn general
population. The Finnmark Study 1974-1989.

Av Inger Njplstad, 1998.

General practitioner hospitals: Use and usefulness.
A study from Finnmark County in North Norway.
Av Ivar Aaraas, 1998.

Sykestuer i Finnmark. En studie av bruk og nytteverdi.
Av Ivar Aaraas, 1998.

No gar det pd helsa laus. Helse, sykdom og risiko for
sykdom i to nord-norske kystsamfunn.
Av Jorid Andersen, 1998,

The Tromse Study: Risk factors for non-vertebral
fractures in a middle-aged population.
Av Ragnar Martin Joakimsen, 1999.

De som er merket med * har vi dessverre ikke flere eksemplar

av.



