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Prioritising elective care: a cost utility analysis
of orthopaedics in the north west of England

Marilyn James, Selwyn St Leger, Kathleen V Rowsell

Abstract
Study objective - To produce a priority
list for purchasers to use when purchasing
elective care in the speciality of ortho-
paedics so that efficiency in health care
purchasing (that is, maximising the bene-
fit per unit of resource available for the
resident population) can be achieved.
Design - The study used cost utility anal-
ysis in the elective speciality of or-
thopaedics. The diagnostic groups in the
study were chosen on the basis of those
conditions that constituted the greatest
proportion of the orthopaedic waiting list,
and consequently the greatest proportion
ofactivity within the speciality. Costs were
derived by two methods: the extra con-
tractual referral tariff (ECR) and in-
dividual patient based costings. Outcome
was assessed before surgery and again ap-
proximately six months afterwards. The
outcome of the procedures was derived in
two ways: Rosser and EuroQol indices.
Setting - The study took place at Wright-
ington hospital, a specialist orthopaedic
hospital in north west England.
Patients - Prospective assessments were
obtained from 99 patients for nine or-
thopaedics procedures. All the patients
were individually interviewed on each oc-
casion. Rosser and EuroQol assessments
were completed for each patient by the
patient and the patient's consultant before
and after surgery.
Main results - Priority lists presenting cost
utility rankings for each of the procedures
were derived from the patients' and con-
sultants' assessments.
Conclusions - It is feasible to generate
priority lists in a systematic way. Pur-
chasers may then use the results from
these priority lists to help them maximise
the benefits per unit of resource for their
resident population.

(J7 Epidemiol Community Health 1996;50: 182-189)

To function effectively in the market, com-
missioners of health services (purchasers) must
be able to make clear and explicit decisions
about the goods and services they purchase in
order to achieve the "best" possible health care
package for their resident population - that is,
to maximise efficiency in purchasing. The "new
public health" function in purchasing has a role
to play in this process which requires pri-
oritisation between competing services or pro-

cedures. To do this purchasers need access to
information on a range ofoutcomes, the quality
of these outcomes, and about costs - that is,
cost benefit information.
The work reported here took place in West

Lancashire Health Authority in the north west
of England from 1990-92. It develops the ap-
plication of cost utility analysis to a range of
orthopaedic procedures. The published reports
on outcome assessment in orthopaedics are
clinically dominated and contain very little
on the patients' functional and psychological
assessment of outcome.`5 The use of health
status measurement, and specifically the ap-
plication of the quality adjusted life year, will
extend the purchaser's information set and
should facilitate improved decision making.
The quality adjusted life year (QALY) meas-

ures the quality and the quantity of life. Hence,
the QALY is calculated by multiplying the
quality indicator (index value) by the quantity
indicator (years of life). Benefit measured by
QALY is expressed in terms of a composite
numerical index between 0 and 1, where 1 is
equivalent to one year in perfect health and 0
is dead or unconscious. The QALY, or index
measures in particular, can draw many different
aspects of quality of life such as pain and
mobility into a common index. Cost utility
analysis expresses the benefits and cost of the
procedures studied in terms of cost per QALY
gained from undertaking each of the pro-
cedures. The alternative to an index would be
the use of a profile. This can often provide
baseline data only, however, that can be highly
influenced by external factors. It does not col-
lapse the various dimension of health into a
single unit of benefit and faces the decision
maker with the dilemma of rating the relative
importance of each dimension. This study fo-
cuses upon the use of index values.
The study used two index measures to deter-

mine health status or benefit after surgery: the
Rosser classification of illness states and the
EuroQol.
The Rosser classification of illness states6

provides pairwise groupings offour distress and
eight disability states experienced by the patient
that can be converted into a composite nu-
merical index. The index parameters operate
between 0 and 1, where 0 represents dead and
1 represents one year of perfectly healthy life.
The original tariff values were used making it
possible to be in a state worse than death,
which is represented by a negative score. Gudex
and Kind7 provide a detailed exposition of the
use of this index.
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The sample

Treatment areas

Feet
(n = 7)

Spinal

Discectomy
(n = 17)

V
Revision hip
replacement

(n = 2)

Upper limb

Flexor
tenosynovectomy

(n = 3)

Carpal tunnel
decompression

(n = 4)

Metacarpophalangeal
replacement

(n = 7)

The study population.

The EuroQol8 is a new classification that
includes additional aspects of health. There are
five dimensions of health each with a 1 (best
health) to 3 (worst health) rating. These are
mobility, self care, usual activities, pain/dis-
comfort, and anxiety/depression. The five states
convert into a composite numerical index be-
tween 0 and 1, where 1 represents perfect
health and 0 is dead or unconscious. The tariff
used was the original one from Frome, Som-
erset.

Orthopaedic surgery was chosen as the speci-
ality with which to explore prioritisation be-
cause it has a set of discrete procedures each
with relatively clear indications for their use
and each leading to potential benefits which
could be assessed after a relatively short time.
Elective orthopaedics has notoriously long
waiting times9 and is believed to be one of the
major elective areas where substantial health
gains may be made. Hence we intended to
extend both practically and theoretically the
work began by Gudex et allo in general surgery.

Method
The study population comprised all patients
under the care of each of the participating
orthopaedic surgeons at a single speciality
orthopaedic hospital between May and August
1991 for one of the nine procedures shown in
the figure and detailed in appendix I. The study
was explained to the patients in writing and
verbally before obtaining their informed con-
sent. The patients were assessed preoperatively
and six months postdischarge by which time
the full benefits of surgery should have been
realised. Patients were sent up to three follow
up appointments. Those who failed to attend
were sent copies of the assessment forms by
post. If these were not returned, up to three
attempted telephoned contacts were made.

The nine procedures were those that con-
stituted the greatest proportion of the ortho-
paedic waiting list, and furthermore the greatest
proportion of the activity within the speciality.
The patients' conditions were chronic with
little change in health status expected without
surgical intervention. The procedures under-
taken affect quality of life rather than life ex-
pectancy. Because the procedures used are well
established as technically successful it was not
necessary, or indeed ethically acceptable, to
undertake a randomised controlled trial. Hence
the "before and after" study design.

In addition to assessments of the patients'
health states by the researcher (MJ), in-
dependent assessments were undertaken by
each patient's consultant.
The patients completed, unaided, the Euro-

Qol self reported health states8 before and after
surgery, these were then converted into a single
health status index number using the tariff
provided by the York EuroQol team using
valuations of health states obtained from a
population in Frome, Somerset (personal
communication Gudex). A similar approach
was taken to the administration of the Rosser
health status classification, although patients
did require occasional assistance. In addition,
general questions were asked regarding the dur-
ation of illness, quality of life over time, co-
morbidities, and any subsequent com-
plications.

Costs were attached to all the procedures in
the analysis. These were calculated by two
different approaches: extra contractual referral
tariff (ECR) and patient based individually
derived costs, the latter undertaken by detailed
data extraction from the case notes. The ECR
tariff reflects the market price of the good, in
this case the average price for a procedure as
a proportion of the total budget within or-
thopaedics. It may be used as a first point of

Lower limb

Primary hip
replacement

(n = 24)

Primary knee
replacement

(n = 30)
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reference by purchasers when making pur-
chasing decisions. The patient based costs were
obtained in order to provide a marginal cost
for each procedure and as a validity check
upon the ECR average cost. This meant that
a detailed ingredient cost for each procedure
was required. In brief, this included in-
formation on drug usage, pathology/haem-
atology tests, x rays, aids and appliances, length
of stay, and readmissions, obtained from trawl-
ing the case notes and checking the theatre
record to obtain operative costs. This in-
formation was, where possible, cross checked
against the centralized hospital information sys-
tems.
The costs for each procedure, however cal-

culated, reflect not just the primary operative
code but all associated tests - for example,
x ray procedures and outpatient appointments.
For hip replacements, two separate costs were
used to allow for variations in the patients'
ages; those under 40 years have a more durable
and expensive prosthesis implanted.
The costing process at Wrightington was

sufficiently sophisticated, such that the ECR
tariff and patient costs were indeed similar.
Henceforth the findings of the study are re-
ported using the patient based costs.

Costs and benefits do not remain constant,
and it is the stream of costs and benefits over
time that are important for cost utility analysis
and cost per QALY calculations (see the report
by Williams" on multiple sclerosis). In this
analysis factors taken into consideration were
as follows: the patients' life span and, where
appropriate, length of life of the prosthesis; the
probability of complications (derived from the
consultants' own data and the published re-
ports; the probability of failure (included in the
calculations by percentage that benefit); and
the decay point, that is the point in time from
which the prosthesis starts to decay, and decay
rate ofbenefit over time. The net gain in quality
of life is therefore calculated by subtracting the
initial health state valuation from the final,
multiplied by the years of remaining life and
subject to the adjustments factors detailed
above (see appendix II). Costs in orthopaedic
surgery occur primarily during the hospital in-
patient stay, or within the first six months out
of patient follow up; hence discounting future
costs is largely unnecessary except for the prob-
ability of revision surgery. Where appropriate
costs were discounted using the recommended
treasury rate of 6%.

Sensitivity analyses were performed to test
the robustness of the resulting cost utility rank-
ings. These included altering the costs of the
prosthesis, the estimates concerning the ex-
pected life of the prosthesis, and scenarios
where patient outcome reflected the best qual-
ity of life improvement from the patients' ex-
periences.

Results
Table 1 shows the pre-operative and post-
operative completion rates of the quality of
life assessments. Ninety nine patient outcome
assessments were obtained.

The values and ranges of the patients' and
consultants' assessments of the patients' health
status before and after surgery are presented in
tables 2 and 3. This is calculated for each
individual patient using the response to the
health status questionnaire and inputing the
health valuation tariff value, as described
earlier, for both the Rosser and the EuroQol
health status assessment questionnaires. These
index values are then used throughout to cal-
culate the QALYs per patient per procedure.
It should be stressed that as with any range the
potential difference is broad, and attainment
of a "perfect" health status of 1 is subject to
the limitations and sensitivities of the health
status assessment measures.
No statistically significant difference was

found between either the patient or the con-
sultant preoperative assessments, by either the
Rosser or EuroQol measures. A statistically
significant difference (p<0001) was found
postoperatively for both the Rosser and Euro-
Qol assessments. In both cases, the consultants
rated the outcome higher than did the patients.
In the overall improvement scores, no stat-
istically significant difference between patient
and consultant ratings was found for the Rosser
assessments, however, a significant difference
was found for the EuroQol assessments.
Breakdown of this difference by operative

procedure showed that for spinal surgery, foot
surgery, revision hip surgery, Dupuytren's con-
tracture, flexor tenosynovectomy, and carpal
tunnel syndrome, there were no statistically
significant differences between the consultants'
and patients' ratings either preoperatively, post-
operatively, or in overall improvement using
either a Rosser or EuroQol assessment. In both
primary hip replacement and primary knee re-
placement clinicians rated final outcome mark-
edly higher than patients; with the EuroQol
valuations metacarpophalangeal joint re-
placement was also rated higher by clinicians.
In only two instances were improvement stat-
istically significantly different by procedure
between patients and consultants - knee
replacements and metacaropophalangeal joint
replacement assessed by the EuroQol tool.

Tables 4 and 5 respectively show the Rosser
QALY and EuroQol net gains in quality of life
(final-initial health state valuation, by life span
(adjusted)), alongside costs and costs per
QALY. The first column shows the health state
valuation obtained from the patients' as-
sessment of their health status. The second
column is the consultants' perceived as-
sessment of the individual patients' health sta-
tus before and after surgery. This is recorded
after assessing the patient and does not reflect
a hypothetical valuation for an average patient.
Cost remains constant whether patient or con-
sultant health status valuations are used. The
final two columns represent cost divided by
QALY (patient and consultant respectively);
this places costs and QALYs into a common
ground and shows for each procedure how
much must be spent to gain an additional
QALY per person. Hence the smaller the figure
in this final column, the more cost effective the
procedure. To illustrate this from table 2 using
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Table 1 Percentage completion for the studies

Study Sample Assessment tool
size

Rosser QALY EuroQol

Patient Consultant Patient Consultant

General prospective (preopeative) 99 100 84 100 81
General prospective (postoperative) 99 92 84 92 81

consultant health status valuations, it costs
£868 to generate an additional QALY per-
forming a spinal discectomy and C330 for a
carpal tunnel. Hence a carpal tunnel operation
generates more QALYs per unit of cost than a
spinal discectomy.

Table 6 presents a summary of the results
ranked in order of greatest benefit and also
ranked in ascending order of cost per QALY.
For all the procedures the final health status

valuation was statistically significantly different
(p<OOO1, Wilcoxon matched pairs) from the
original health status measure, hence both qual-
ity measures were sensitive to measure change
in patient quality of life. Moreover, it was

encouraging that related aspects of quality of
life, for example, mobility and pain, described
in both health status instruments consistently
moved in the same direction when analysed as

individual dimensions of health or functional
well being. In terms of external validity those
subsets of the Rosser and EuroQol assessment
that one would be expected to be correlated,
for example, mobility and pain, were indeed
correlated.
The priority lists (table 6) constructed from

patient responses and consultant responses are
similar with respect to benefits alone (patient
Rosser compared with consultant Rosser and
patient EuroQol compared with consultant
EuroQol) and cost per QALY. However, there
were some noticeable discrepancies. These
were most evident in the placing of foot
operations, metacarpophalangeal joint re-
placement and, in absolute difference, between
the clinician and patent valuations of spinal
discectomy. It should be noted that for pro-
cedures the number in the sample is small,

Table 2 Rosser health state valuations in relation to procedure
Procedure Sample Preoperative Postoperative Improvement

size
Mean Minimum Maximum Mean Minimum Maximum Mean Minimum Maximum

(1)* Spine discectomy 17 0-812 0 000 0-973 0-949 0-800 1 000 0-146 -0 050 0 995
(2)* 0-891 0-085 0-680 0-964 0 900 1 000 0-071 0000 0-310
(1) Primary hip replacement 24 0-892 0-700 0-988 0-976 0 900 1 000 0-084 0-000 0 300
(2) 0-897 0 700 0-965 0-989 0-946 1 000 0-092 0 030 0 300
(1) Primary knee replacement 30 0-868 0 700 0-973 0-932 0-000 1 000 0-044 -0 900 0-272
(2) 0 905 0 700 0-972 0-975 0-785 1 000 0-069 -0-136 0 300
(1) Feet 7 0-939 0-700 0-986 0-917 0 700 1-986 -0-006 -0-016 0-001
(2) 0 905 0-564 0-986 0-976 0-942 1 000 0-014 -0-029 0 100
(1) Revision hip replacement 2 0-800 0 700 0 900 0-976 0-972 0-980 0-176 0-080 0-272
(2) 0900 0900 0900 0979 0-972 0-972 0079 0-072 0-086
(1) Metacarpophalangeal

joint replacement 7 0-918 0-870 0-956 0-954 0-942 0-972 0-036 0-014 0-072
(2) 0-878 0 700 0-960 0 975 0 900 0-993 0-098 0 000 0-290
(1) Dupuytren's 5 0-981 0-972 0-986 0994 0990 1 000 0-013 0-004 0-028
(2) 0-989 0-986 0995 0-996 0995 1 000 0007 0000 0-014
(1) Flexor tenosynovectomy 3 0-846 0 700 0-932 0-881 0-680 0-986 0-035 -0-020 0-080
(2) 0 933 0 900 0-956 0-971 0-956 0-986 0 039 0-014 0-072
(1) Carpal tunnel 4 0-951 0-935 0-956 0-964 0 935 0-986 0-015 0-000 0-030
(2) 0979 0-956 0995 0993 0-986 1 000 0-014 -0009 0-044
* (1) Represents patients' values and (2) represents consultants' values.

Table 3 EuroQol health state valuations by procedure
Procedure Sample Preoperative Postoperative Improvenment

size
Mean Minimum Maximum Mean Minimum Maximum Mean Minimnum Maximum

(1)* Spine discectomy 17 0-312 0-040 0-600 0-526 0-160 1 000 0-206 -0-306 0-860(2)* 0 335 0 090 0-600 0739 0-270 1 000 0-387 -0-310 0-820(1) Primary hip replacement 24 0-310 0-130 0-600 0-663 0-180 1 000 0 353 -0-310 0 790(2) 0-372 0-180 0750 0-896 0 330 1 000 0-525 0-120 0-800(1) Primary knee replacement 30 0359 0-130 0750 0-560 0040 1 000 0-201 -0-170 0-760
(2) 0-336 0-180 0 750 0-730 0 190 1 000 0 400 -0-100 0-810(1) Feet 7 0-509 0-240 0-750 0-430 0-130 0-750 -0-048 -0-170 0-220(2) 0-477 0-150 0-750 0-762 0-390 1 000 0-253 -0-190 0-710(1) Revision hip replacement 2 0-140 0-130 0-150 0 305 0-280 0 330 0-165 0-130 0-200(2) 0-165 0-140 0-190 0 575 0-370 0-780 0-410 0-180 0-640(1) Metacarpophalangeal

joint replacement 7 0 390 0-150 0 750 0-384 0-210 1-750 -0-006 -0-130 0-090(2) 0-446 0-270 0-750 0-681 0-150 1.000 0-378 0-120 0-730(1) Dupuytren's 5 0-826 0 500 1-000 0 950 0 750 1 000 0-124 -0-250 0 500(2) 0-960 0-800 1 000 0-960 0-800 1 000 0 000 0 000 0 000(1) Flexor tenosynovectomy 3 0-290 0-080 0-530 0 300 0-200 0-430 0 010 -0-260 0-170(2) 0-215 0-180 0-270 0-310 0-210 0-450 0-097 0 000 0-270(1) Carpal tunnel 4 0-397 0-180 0 600 0-513 0-340 0-600 0 043 -0 090 0-220(2) 0-783 0-600 1 000 0-917 0-750 1 000 0-133 0-000 0 400

*(1) Represents patients' values; (2) represents consultants' values.
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Table 4 Net health gain using the Rosser index with patient and consultant valuations, patient based costs, and cost
utility ratios in Cs
Operation Net health gain Cost (£) Cost per QALY (£)

Patient Consultant Patient Consultant
valuations valuations

Spinal discectomy 4-841 2-534 2044 422 868
Revision, hip 1-762 0-791 5078 2881 6419
Primaryhip, age>=40y 1-496 1-639 3112 2080 1899
Metacarpophalangeal 0 799 2-174 2910 3644 1339
Primary hip, age <40y 0-783 8-019 3546 4528 442
Flexor tenosynovectomy 0-666 0 743 2032 3049 2736
Primary knee 0 647 1.014 4134 6392 4076
Carpal tunnel 0 457 0-426 132 290 310
Dupuytren's 0 132 0-071 708 5350 9935
Feet general -0-172 0-401 1679 -9761 4183

Primary hips <40 y and > =40 y are those patients aged under 40 y and 40 y or above respectively.
Revisions x % of expected revisions are discounted by five years.

Table 5 Net health gain using the EuroQol index with patient and consultant valuations, patient based costs, and cost
utility ratios in /s

Operation Net health gain Cost (£) Cost per QALY (/9

Patient Consultant Patient Consultant
valuations valuations

Spinal discectomy 6-830 12 831 2044 299 159
Primary, hip >=40y 6-270 9 351 3112 496 333
Primary, hip <40y 6-108 3-759 3546 580 943
Primary knee 2 955 5-880 4134 1399 703
Revision, hip 1-652 4-105 5078 3074 1237
Carpal tunnel 1-309 4 050 132 101 33
Dupuytren's 1-262 0 000 708 561 N/A
Flexor tenosynovectomy 0-190 1-847 2032 10672 1100
Metacarpophalangeal -0-133 1-997 2910 -21864 1458
Feet general -1-377 7-256 1679 - 1220 231

Primary hips <40 y and > = 40 y are those patients aged under 40 y and 40 y or above respectively.
N/A =not applicable.
Revisions x % of ecpected revisions are discounted by five years.

however, there is no reason to suppose that the
patient characteristics within these groups were
unrepresentative of the population group for
the procedure.

SENSITIVITY ANALYSIS

The results from the sensitivity analysis showed
that only when total resource costs for both
hips and knees were lowered by 50%, did they
rank higher than all the upper limb procedures,
with the exception of carpal tunnel. When the
prosthesis was assumed to last for more than
15 years, only at an additional eight years life
did primary knee replacement rise to rank above
Dupuytren's contracture. Altering the priority
list to reflect best case scenarios (best recorded
quality of life gain for the sample set) revealed
the most changes. With the exception of re-

vision hip operations and primary hip re-

placements for the under 40s, all the primary
hip and knee replacements ranked higher in
terms of least cost per QALY than the small

hand operations (with the exception of carpal
tunnel). In addition, the position for spinal
surgery (discectomy) and carpal tunnel were

reversed with spine discectomy rising one

place.

DISCUSSION
This study indicates that the cost utility analysis
(CUA) approach seems to be feasible in pro-
viding a framework that will assist purchasers
in making health care decisions. Obtaining data
on both outcomes and costs proved relatively
straightforward and there was good completion
of data overall. We believe further prospective
studies could be conducted in this manner and
will, in fact, be less time consuming and more

accurate than a retrospective approach (which
we piloted, but do not report on here).
The measure of outcome or benefit used in

the study should depend on the objectives ofthe
study. To compare a large number of disparate
treatments and conditions requires a common

Table 6 Summary of the Rosser and EuroQol health gain and cost utility rankings, ranked by order of greatest health gain and least cost per QALY
using patient derived costs

Rank Health gain, Health gain, Cost utility ratio, Cost utility ratio,
Rosser EuroQol Rosser EuroQol

Patient Consultant Patient Consultant Patient Consultant Patient Consultant

1 Discectomy Primary, hip <40 y Discectomy Discectomy Carpal tunnel Carpal tunnel Carpal tunnel Carpal tunnel
2 Revision hip Discectomy Primary hip > = 40y Primary hip > = 40y Discectomy Primary hip <40 y Discectomy Discectomy
3 Primary hip > = 40 y Metacarpophalangeal Primary hip <40 y Feet general Primary hip > = 40 y Discectomy Primary hip > = 40 y Feet general
4 Metacarpophalangeal Primary hip > = 40 y Primary knee Primary knee Revision hip Metacarpophalangeal Dupuytren's Primary hip > = 40 y
5 Primary hip <40 y Primary knee Revision hip Revision hip Flexor Primary hip > = 40 y Primary hip <40 y Primary knee
6 Flexor Revision hip Carpal tunnel Carpal tunnel Metacarpophalangeal Flexor Primary knee Primary hip <40 y
7 Primary knee Flexor Dupuytren's Primary hip <40 y Primary hip <40 y Primary knee Revision hip Flexor
8 Carpal tunnel Carpal tunnel Flexor Metacarpophalangeal Dupuytren's Feet general Flexor Revision hip
9 Dupuytren's Feet general Metacarpophalangeal Flexor Primary knee Revision hip Feet general Metacarpophalangeal
10 Feet general Dupuytren's Feet general Dupuytren's Feet general Dupuytren's Metacarpophalangeal Dupuytren's
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Table 7 Rankings by major, intermediate, and minor operations using the Rosser cost
utility ratios, for patient valuations

Rank Major Intermediate Minor

1 Primary hip > = 40 y Discectomy Carpal tunnel
2 Revision hip Flexor tenosynovectomy Dupuytren's
3 Primary hip <40 y Metacarpophalangeal
4 Primary knee Feet general

Primary hips <40 y and > = 40 y are those patients aged under 40 y and 40 y and above respectively.

simple and comparable unit of benefit. Index
measures permit the comparison of differing
dimensions of health by converting the di-
mensions into a single health state valuation,
hence allowing treatments to be ranked within,
and between specialities.
We cannot draw firm conclusions about the

comparative worth of the Rosser and EuroQol
tools. The EuroQol is being tested on a much
broader sample set,'2-6 than that for which the
Rosser original matrix, with its 70 respondents,
was tested.'7 Both instruments measured sig-
nificant change between preoperative and
postoperative scores. The Rosser tool was

marginally more reliable than the EuroQol tool
- externally on a test re-test basis and internally
between patient and consultant valuations.
There was no marked difference between

patients and doctors in the Rosser or EuroQol
preoperative outcome assessments; when faced
with a relatively severe position of ill health
they tended to agree. In terms of overall
improvement, there was no clear difference in
the ratings as judged by the Rosser instrument,
but there was a difference as judged by the
EuroQol. This may reflect the fact that the
EuroQol instrument encompasses subjective
aspects of health such as anxiety and others
that require personal knowledge of the patients
activities. This latter may be illustrated by ref-
erence to correcting Dupuytren's contracture
which was rated lower by the consultants per-
haps because they were unaware of the con-
tribution such a simple operation makes for
the patient leading a fulfilling life.
The costs considered in this study are those

that affect the hospital sector. Use of such costs
can be justified in as much as it is these costs
that purchasers will immediately be interested
in when making their purchasing decisions and
setting their priorities. A full economic ap-
praisal of a procedure would take a broader
view of the costs as they effect society, the
economy, and the patient. The broader costs
to society are a factor that a decision maker
may wish to consider separately.
We have already noted that the patient based

costing and prices from the ECR tariffs were

negligibly different, thus highlighting the ac-

curacy of Wrightington's accounting process.
Costs in other general hospitals may bear no

relationship to their quoted ECR tariff prices
at the time of the study. General hospitals have
the added necessity of firstly breaking down
cost to specialty level before they can be dis-
aggregated to procedure level, hence there is
greater scope for error and the use of average
costs across groups of procedures. Never-
theless, under market forces hospital cost pro-

cedures will become increasingly sophisticated

and the ECR tariff prices more accurate. Also,
use of tariffprices depends on the hospital costs
being true costs and not hiding within the
tariff elements of cross subsidisation between
procedures.
The most important application of index

measures is in their ability to provide cost
utility ratios and hence rankings for treatments.
Consideration of some of the general rankings
of procedures within this study raises in-
teresting points. The high cost, high publicity
operations such as hip and knee replacements
do not necessarily rank highest in the list either
in terms of their cost utility ratios or in terms
of benefit alone.
The results for upper limb surgery are in-

triguing. By patient and consultant measures
of benefit alone upper limb surgery is ranked
towards the bottom of the list (although not
always below lower limb surgery). When the
cost per QALY rankings are derived, the po-
sition changes appreciably especially for carpal
tunnel syndrome. This operation produces a
very small benefit, but for a long period of
time, for very little cost, with negligible chance
of recurrence; hence in terms of cost per QALY
it is ranked as the number one procedure.
That the benefits of upper limb surgery are
substantial, for example, by enabling the
patient to lead a normal life through such
everyday tasks as the use of a knife and fork,
is clear from our analysis; they appear to be
greater than those accrued from a hip or knee
replacement.
Another issue is that of aggregation of be-

nefits and whether large but expensive benefits
such as those yielded by hip replacements can
justifiably be compared with operations yield-
ing only a small benefit at low cost, for example,
carpal tunnel repair. This was a similar problem
to that faced by the state of Oregon'8 when
choosing between tooth capping and ap-
pendectomy.

Priority lists could be expressed in a variety
of combinations. These may include cost per
QALY bands, diagnostic category, or grouping
by major, intermediate, and minor operations
(table 7). Purchasers may find it useful ro rank
the groups themselves (as in Oregon'9) into
order of priority and then to rank procedures
within the groups. Hence, for example, it fol-
lows from table 7 that carpal tunnel would be
rated at the top of the minor group, but not
higher than hip replacement surgery.

Despite their attractions prioritisation tools
should be used cautiously and the users of
such tools, whether purchasing consortia or the
patient themselves, should be aware of the
rationale, origins, and the reliability of any cost
utility lists. In particular, purchasers should be
aware of the potential pitfalls in using "off the
peg" priority lists to assist their purchasing
decisions. The explicitness in prioritisation is
one of the greatest advantages of priority lists.
Such lists are open for all to challenge, accept,
disagree with, or use.20 The work reported here
could be extended to allow purchasers to derive
a priority list for health care funds across the
whole of elective surgery.
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Appendix I
DESCRIPTION OF THE PROCEDURES IN THE
STUDY
*Primary hip replacement
This involves replacement of the hip joint.
Mobility before surgery becomes increasingly
difficult and painful for the patient.

*Revision hip replacement
This involves replacement of a prosthetic hip
joint, after a primary hip replacement has
already occurred. The surrounding bone in a
revision hip replacement has often de-
teriorated more than in a primary hip re-
placement. It is therefore a more difficult and
costly operation than a primary hip re-
placement. The symptoms are as for primary
hip replacement.

*Primary knee replacement
This involves replacement of the knee joint.
Mobility before surgery becomes increasingly
difficult and painful for the patient.

*Feet
This category covered a range of operations
on repair or replacement of metatarsal joints.

*Spine discectomy
Patients tend to be in acute pain which affects
physical mobility. A radiculogram or myelo-
gram is always performed as a diagnostic
technique before the recommendation of sur-
gery. If indicated the disc is then repaired in
surgery and loose bone fragments sur-
rounding it removed.

*Carpal tunnel syndrome
This is caused by soft tissue injury or infection
to the median nerve. It causes impairment,
sensory loss, and a motor deficit. The oper-
ation involves dividing the flexor retinaculum
under which the nerve passes.

*Dupuytren's contracture
This manifests as nodular thickening around
the palm area, which cause the little finger and
adjacent finger to contract inwards. Surgery
involves releasing the contracture.

*Metacarpophalangeal joint replacement (MCP)
The metacarpal phalange joints are damaged
through arthritis, the joints become stiff or
fixed and erode. The treatment involves the
joints being surgically replaced by a pros-
thesis.

*Flexor tenosynovectomy
This is caused by rheumatoid arthritis in-
vading and destroying the synovial linings of
tendon sheathes. It causes pain and mech-
anical block and prevents the finger joints
from flexing properly creating deformity ofthe
interphalangeal joint. The operation corrects
this by freeing and transferring tendons.

Appendix II
DERIVATION OF COSTS AND BENEFITS OVER TIME
Costs
The baseline cost is derived from the extra
contractual referral (ECR) price or the patient
based costs adjusted by follow up visits.
Where revision of a prosthetic replacement

occurs as a genuine complication of the host
hospital (rather than failure of a joint replaced

at another hospital or long term wear and tear),
it is assumed that a revision occurs on average
approximately five years after the initial joint
was replaced.
The final cost figure for each procedure is

therefore:

Baseline cost + (cost of revision x probability
of revision) discounted by five years (assuming
a 6% test discount rate) + (cost of com-
plication x probability of complications) +
(cost of readmissions x probabiity of re-
admissions).

or

C=Cb+(Cr x Pr)1/(1 + 006) +
(Cc X PC) + (Cra X Pra)

Where: C = total cost; Cb = base line cost; Cr=
revision cost; Cc = complication cost (excluding
hospital admissions); Cra = cost of readmission
(excluding readmission as a consequence of
revision); P, = probability ofrevision; Pc = prob-
ability of complication; Pra =probability of re-
admission.

Benefits over time
Benefit calculations are derived separately for
the Rosser QALY and the EuroQol.
The base line benefit is the sum of the final

outcome - initial outcome (by procedure)

QL= EQF-XQI

Where: QL= quality of life or benefit in terms
of QALYs; QI = initial QALY score; QF = final
QALY Score.
QL is presented as an average for each pro-

cedure hence the QALY score by procedure
(QT) is:

QT= IQLUn

Where n = sample size.
Life expectancy to death (LYD) for each

procedure=average years life left until death
males x % of males in the sample + average
years life left until death in females x % of
females in the sample.
TPL=total prosthesis life where:

TPL= PLND + PLD

PLND =the prosthesis life before any sub-
stantial decay occurs in the prostheses.
PLD = additional years of prosthesis life after

the prosthesis has started to decay.
l/D =the decay rate of the prosthesis.
m = mortality rate for the individual hospital.
R= reoccurrence rate.
LYDR = lost years of benefit from point of

reoccurrence.
When calculating total benefit in QALY

calculations, percentage that benefit would
normally need to be built into the QALY
calculation, however in this sample the average
benefit figure already takes into account the
percentage that benefit for each procedure.
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Total benefit over life is:

QTTOTAL = QT(PLND + PLD1/D(LYD -
PLND))- %m(QI) - %R(XLYDR(QL))

Where LYD>PLND.

If LYD<PLND or no prosthesis is involved:

QTTOTAL= QT(LYD) - %m(QI) -

%RX( (LYDR(QT))
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