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ABSTRACT

Objective To assess whether revascularisation that is

considered to be clinically appropriate is also cost

effective.

Design Prospective observational study comparing cost

effectiveness of coronary artery bypass grafting,

percutaneous coronary intervention, or medical

management within groups of patients rated as

appropriate for revascularisation.

Setting Three tertiary care centres in London.

Participants Consecutive, unselected patients rated as

clinically appropriate (using a ninemember Delphi panel)

to receive coronary artery bypass grafting only (n=815);
percutaneous coronary intervention only (n=385); or both
revascularisation procedures (n=520).
Main outcome measure Cost per quality adjusted life year

gained over six year follow-up, calculated with a National

HealthService cost perspective anddiscountedat 3.5%/year.

Results Coronary artery bypass grafting cost £22000
(€33000; $43000) per quality adjusted life year gained

compared with percutaneous coronary intervention

among patients appropriate for coronary artery bypass

grafting only (59% probability of being cost effective at a

cost effectiveness threshold of £30 000 per quality

adjusted life year) and £19 000 per quality adjusted life

year gained compared with medical management among

those appropriate for both types of revascularisation

(probability of being cost effective 63%). In none of the

three appropriateness groups was percutaneous

coronary intervention cost effective at a threshold of

£30000 per quality adjusted life year. Among patients

rated appropriate for percutaneous coronary intervention

only, the cost per quality adjusted life year gained for

percutaneous coronary intervention compared with

medical management was £47000, exceeding usual cost
effectiveness thresholds; in these patients, medical

management was most likely to be cost effective

(probability 54%).

ConclusionsAmongpatients judged clinically appropriate

for coronary revascularisation, coronary artery bypass

grafting seemed cost effective but percutaneous coronary

intervention did not. Cost effectiveness analysis based on

observational data suggests that the clinical benefit of

percutaneous coronary intervention may not be sufficient

to justify its cost.

INTRODUCTION

Guidelines based on clinical appropriateness criteria
(optimising net benefits to health) are widely used to
inform decisions about practice but are insufficient
grounds for allocating healthcare resources. Although
consensus exists that cost effectiveness analysis is
needed to maximise the health gains achieved from a
limited budget, how closely formallymeasured clinical
appropriateness accords with cost effectiveness is not
known. Population rates of coronary revascularisation,
particularly percutaneous coronary intervention,1

have increased rapidly, but many influential trials
report no cost data,2 analyse costs but not in relation to
effectiveness,3 or report cost effectiveness but not in
terms of quality adjusted life years.4 No three way ran-
domised comparisons of the cost effectiveness of med-
ical management, percutaneous management, and
coronary artery bypass grafting exist.2 Most impor-
tantly, as clinical equipoise is seen as an ethical prere-
quisite of randomisation, patients considered clinically
more suitable for one procedure than another are, gen-
erally, not included in trials.
We sought, therefore, to identify the cost effective-

ness of treatments rated as clinically appropriate by a
multidisciplinary panel. We studied three alternative
management strategies for coronary disease: coronary
artery bypass grafting, percutaneous management,
and medical management. We used the RAND
appropriateness method,5 which has been shown to
be a prognostically valid method to determine the
clinical suitability of unselected patients to have
revascularisation,67 but without consideration of
costs. A cost effectiveness analysis based on quality
adjusted life years is suitable for comparing treatments
that are expected to affectmortality,morbidity, or both
and is the most suitable basis to inform decisions
about the provision or reimbursement of healthcare
technologies.8
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METHODS

Participants

The appropriateness of coronary revascularisation
(ACRE) cohort consists of consecutive patients,
recruitedwithout exclusion criteria, who had coronary
angiography between 15April 1996 and 14April 1997
at three hospitals of one National Health Service trust
in London.5 We identified 4121 patients and followed
them for six years.Most patients had chronic coronary
disease at baseline; only 6% were recruited during an
admission with acute myocardial infarction. This
economic evaluation focuses on the subgroup of 1740
patients rated as appropriate to have bypass surgery,
percutaneous management, or both. Of these, we
excluded 20 patients because they died without having
revascularisation and no record of their intendedman-
agement plan existed. All patients gave consent.5 A
detailed technical report of the methods used for this
six year analysis is available (www.york.ac.uk/inst/
che/staff/griffin.htm).

Clinical appropriateness ratings

Before recruitment of patients to the ACRE study, a
ninemember expert panel rated separately the clinical
appropriateness of bypass surgery and percutaneous
management in hypothetical patients for 985 specific
clinical indications (based on the RAND-Delphi
technique9). Appropriateness was defined by clinical
judgment, based on available evidence, that doing a
procedure would be associated with more benefit
than harm. Appropriateness ratings were assigned to
ACRE participants on the basis of their individual
clinical characteristics at the time of angiography to
identify those patients who would benefit clinically
from revascularisation. Details of these ratings have
been reported previously.10 The ratings did not take
account of patient preferences or cost considerations.

NHS resource use and costs

We adopted the cost perspective of the NHS and
included the costs of bypass surgery, percutaneous
management and angiography procedures (including
hospital stay), drugs, admissions for chest pain, general
practitioner visits, outpatient appointments, and visits
to the emergency department. The occurrence of hos-
pital admissions, their reasons, and lengths of stay
came from the NHS-wide clearing service. Data on
drugs at baseline and at one year and six year follow-
ups came from hospital case notes, general practi-
tioners’ and patients’ questionnaires (response rate
85% at baseline, 77% at one and six years), and case
notes after admissions for chest pain. Frequency of
attendance in the previous year at a general practice,
outpatient department, or casualty came from the
patients’ questionnaire. Unit costs came from pre-
viously published studies and published pricing lists
for the United Kingdom.311 12 Costs are reported in
UK sterling (£), updated to 2003/4 prices and
discounted at 3.5%/year.8 11

Outcomes and quality adjusted life years

More than 99% of the study sample were flagged with
the UK Office of National Statistics, which notified us
of dates of death. We ascertained acute non-fatal myo-
cardial infarction through the NHS-wide clearing
service and classified it according to recent criteria.13

As part of the six year questionnaire, patients com-
pleted the EQ-5D health related quality of life instru-
ment, fromwhichwederivedutility scores.14 15Utilities
represent quality weights for the calculation of quality
adjusted survival; 1 corresponds to the highest degree
of quality of life, and 0 is equivalent to dead. As we did
not collect EQ-5Ddata at baseline andone year follow-
up, we estimated utilities for these time points by using
other variables on the patients’ questionnaire to pre-
dict EQ-5D scores in a regressionmodel. The variables
used included the patient rated severity of angina
symptoms,16 shortness of breath, anddemographic fac-
tors. We calculated an estimate of quality adjusted sur-
vival for each patient by weighting their survival
according to their quality of life.Wediscounted quality
adjusted survival at a rate of 3.5% a year.8

Statistical methods

We analysed patients in three groups on the basis of
their being rated clinically appropriate for bypass
surgery only (that is, not for percutaneous manage-
ment), for both procedures, or for percutaneous man-
agement only (that is, not for bypass surgery). Within
the three groups, we compared those who had bypass
surgery, those who had percutaneous management,
and those who had neither type of revascularisation
(medical management). These actual management
groups are defined as the treatment received within
one year of index angiography. For patients who died
within one year without having a procedure, we used
the intended management recorded at baseline as a
proxy for actual management.
We used regression analyses with interaction terms

to estimate the effect of actual management, by appro-
priateness category, on cost effectiveness (total costs
and quality adjusted survival), presence of angina,
andmortality at six years’ follow-up.We adjusted ana-
lyses for the potential confounders in table 1, and addi-
tionally included baseline utility for adjustment of
quality adjusted life years.17 Odds ratios for presence
of angina at six years came from multiple logistic
regression and hazard ratios for death from Cox
regression. Regression of life years (cumulative survi-
val) used an ordinary least squares approach. We ana-
lysed cost effectiveness by using seemingly unrelated
regression,18 a multivariate regression technique that
accounts for the potential correlation between costs
and quality adjusted survival.
To compare the three management strategies, we

used standard cost effectiveness decision rules.19 We
calculated the incremental cost effectiveness ratio
comparing two management strategies, which repre-
sents the cost per quality adjusted life year gained by
moving to a more costly, more effective method of
management. To reflect uncertainty, we derived cost
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effectiveness acceptability curves showing the prob-
ability that each treatment is cost effective for a range
of threshold amounts that the NHSwould be willing to
pay per quality adjusted life year.20 We have used a
threshold of £30 000 (€45 000; $58 000) per quality
adjusted life year in presenting the cost effectiveness
results, on the assumption that the maximum incre-
mental cost effectiveness ratio acceptable to the NHS
lies between £20 000 and £40 000 per quality adjusted
life year.21

We imputed missing data on length of stay and
patient reported resource use (general practitioner vis-
its, outpatient attendances, and visits to casualty) with
simple ordinary least squares. In adjusted analyses, and
when obtaining utilities, we used multiple imputation
with chained equations.22 23We created five imputation
datasets to allow retention of between imputation var-
iance in estimating standard errors.24

Weusedunivariate sensitivity analyses to investigate
assumptions about the need to adjust for the definition
of actual management, the inclusion of patient
reported resource use, the exclusion of hospital admis-
sions for reasons unrelated to chest pain, and the differ-
ential timing of the one year patients’ questionnaire
(one year from revascularisation for percutaneous
management and bypass surgery or one year from
index angiography for medical management).

RESULTS

Baseline characteristics

Of the 1720 patients in the economic analysis, 815
(47%) were rated as appropriate for bypass surgery
only, 520 (30%)were rated as appropriate for both pro-
cedures, and 385 (22%) were rated as appropriate for
percutaneous management only (table 1). The preva-
lence of current smokers was similar across the three
appropriateness groups (10%, 10%, and 13%). The
severity of angina (Canadian Cardiovascular Society
class) was also similar. Those rated as appropriate for
bypass surgery tended to have a higher number of dis-
eased vessels, higher prevalence of impaired left ven-
tricular function, and higher operative risk scores.
Single vessel disease was more common among
patients rated as appropriate for percutaneous man-
agement only.

Clinical outcomes

Over the six year follow-up, 44% (335/754) of patients
initially treated with medical management and 26%
(93/364) of those initially treated with percutaneous
management went on to have additional revascularisa-
tion procedures; of those who initially had bypass sur-
gery, further revascularisation was needed for only 4%
(25/602) of patients. Angina was present in 55% (560/
1020) of patients at six years. Among patients rated as
appropriate for bypass surgery, adjusted analyses
showed a significantly raised odds of angina for those
who had percutaneous management or medical man-
agement comparedwith thosewho had bypass surgery
(table 2). A suggestion of similarly raised odds was
apparent in patients suitable for percutaneousmanage-
ment who had medical management compared with
those who had percutaneous management. Overall,
16% (277/1720) of patients died during follow-up.
Adjusted analyses in the group appropriate for bypass
surgery showed a raised risk of death for thosewhohad
medical management compared with bypass surgery
or percutaneous management. Among the group
rated appropriate for percutaneous management and
bypass surgery, we found some evidence that the risk
of death in patients who had percutaneous manage-
ment or medical management was almost twice that
in those initially treated with bypass surgery (table 2).

Costs

The costs of treating patients with medical manage-
ment remained considerably lower than those for per-
cutaneous management or bypass surgery (fig 1). In
year one, the costs of medical management were 9-
12% of bypass surgery costs and those for percuta-
neous management were 43-50% of bypass surgery
costs. By year six, these ratios rose to 43-50% for med-
ical management and 78-82% for percutaneous man-
agement, primarily owing to the need for additional
revascularisation procedures (table 2). Approximately
74% of percutaneous interventions involved one or
more stents. The average unadjusted costs of each
initial treatment strategy were, at baseline, £12 500
for bypass surgery, £5800 for percutaneous

Table1 | Baselinecharacteristicsbyappropriatenesscategory.Valuesarenumbers (percentages)

unless stated otherwise

Baseline covariate (No
missing)

Appropriate for CABG
only (n=815)

Appropriate for both
(n=520)

Appropriate for PCI only
(n=385)

Mean (SD) age (years) 63 (9) 59 (9) 59 (9)

Male 671 (82) 403 (78) 292 (76)

Ethnic group (141):

White 623 (83) 396 (84) 303 (85)

Other 130 (17) 76 (16) 51 (14)

Previous CABG 60 (7) 68 (13) 29 (8)

Previous PCI 31 (4) 62 (12) 45 (12)

Previous MI 371 (46) 268 (52) 207 (54)

Heart failure 116 (14) 48 (9) 44 (11)

Previous stroke 76 (9) 34 (7) 29 (8)

Diabetes 130 (16) 69 (13) 52 (14)

No of diseased vessels:

≤1 18 (2) 213 (41) 282 (73)

2 106 (13) 263 (51) 79 (21)

3 or left main stem 691 (85) 44 (8) 24 (6)

Diffuse disease 199 (24) 71 (14) 28 (7)

Left ventricular function (329):

Normal 456 (67) 324 (82) 251 (78)

Impaired 220 (33) 71 (18) 69 (22)

Mean (SD) Parsonnet operative
risk score37

7.3 (5.4) 5.2 (4.4) 5.8 (5.3)

CCS score (362):

0 (no angina) 38 (6) 22 (5) 14 (5)

I-II (mild angina) 179 (27) 97 (24) 76 (25)

III-IV (severe angina) 437 (67) 282 (70) 213 (70)

CABG=coronary artery bypass graft; CCS=Canadian Cardiovascular Society; PCI=percutaneous coronary

intervention; MI=myocardial infarction.
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management, and £1400 for medical management;
these rose to £16 200, £12 100, and £9200 at six years.
The adjusted analysis made little difference to the esti-
mated cost differences (table 3).

Cost effectiveness

Average predicted baseline utility was 0.55, consider-
ably lower than the UK population norm of 0.80 for
people aged 55 to 64.25 The average utility score
among those alive at six years improved to 0.65.
Because of deaths, the average length of survival in
the study was around five years. Adjusted analyses by
appropriateness category showed no significant differ-
ences in discountedmean survival duration (that is, life
expectancy) across treatment groups. For the groups
rated appropriate for bypass surgery only or percuta-
neous management only, the clinically appropriate
treatment had the highest mean quality adjusted life
years. In the group rated appropriate for either type
of revascularisation, bypass surgery had the highest
mean quality adjusted life years. Adjusted analyses
showed significant differences in quality adjusted sur-
vival comparing medical management with bypass
surgery in patients appropriate for bypass surgery
only or for percutaneous management and bypass sur-
gery (table 3).
Among patients rated as appropriate for bypass sur-

gery only, the incremental analysis showed that percu-
taneous management had an incremental cost
effectiveness ratio of £11 000 per quality adjusted life
year compared with medical management and bypass
surgery had an incremental cost effectiveness ratio of
£22 000 per quality adjusted life year compared with
percutaneous management (table 3). Thus bypass sur-
gery is the most cost effective procedure for patients
rated as appropriate for bypass surgery. The probabil-
ity that bypass surgery is the most cost effective treat-
ment strategy was 59% at a willingness to pay of
£30 000 per quality adjusted life year, compared with
40% for percutaneous management (fig 2).
In patients rated as appropriate for both procedures,

percutaneous management was ruled out on grounds
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Fig 1 | Unadjusted total cost: mean annual and cumulative cost

by actual management and appropriateness category. Costs

presented in 2003/4 UK sterling, discounted at 3.5% a year.

CABG=coronary artery bypass surgery; MM=medical

management; PCI=percutaneous coronary intervention

Table 2 | Six year clinical outcomes by appropriateness category and actualmanagement. Values are numbers (percentages) unless stated otherwise

Appropriate for CABG only Appropriate for both Appropriate for PCI only

Received
CABG (n=408)

Received PCI
(n=54)

Received MM
(n=353)

Received
CABG (n=149)

Received PCI
(n=173)

Received MM
(n=198)

Received
CABG (n=45)

Received PCI
(n=137)

Received MM
(n=203)

Revascularisation 10 (2) 20 (37) 193 (55) 9 (6) 47 (27) 83 (42) 6 (13) 26 (19) 59 (29)

Chest pain admission 80 (20) 20 (37) 88 (25) 58 (39) 73 (42) 82 (41) 14 (31) 45 (33) 70 (34)

Non-fatal MI 19 (5) 2 (4) 23 (7) 15 (10) 19 (11) 16 (8) 3 (7) 7 (5) 10 (5)

Angina at 6 years: (n=238)100 (42) (n=34)27 (79) (n=195)99 (51) (n=89)52 (58) (n=102)61 (60) (n=119)82 (69) (n=26)11 (42) (n=95)49 (52) (n=122)79 (65)

Adjusted odds ratio*
(95% CI)

1 2.90
(1.03 to 8.14)

1.63
(1.09 to 2.42)

1 1.17
(0.69 to 1.98)

1.60
(0.89 to 2.87)

0.91
(0.39 to 2.13)

1 1.65
(0.95 to 2.87)

Deaths: 68 (17) 7 (13) 76 (22) 18 (12) 28 (16) 34 (17) 9 (20) 9 (7) 28 (14)

Adjusted hazard ratio*†
(95% CI)

1 0.58
(0.25 to 1.40)

1.41
(1.01 to 1.98)

1 2.00
(1.08 to 3.69)

1.70
(0.95 to 3.03)

2.10
(0.81 to 5.44)

1 1.33
(0.62 to 2.87)

CABG=coronary artery bypass graft; MI=myocardial infarction; MM=medical management; PCI=percutaneous coronary intervention.

*Adjusted for age, sex, ethnic group, Canadian Cardiovascular Society score, left ventricular function, previous stroke, MI, previous CABG, previous PCI, diabetes, diffuse disease,

diseased vessels, heart failure, and Parsonnet score; for all adjusted analyses, missing data have been imputed by multiple imputation23 and results are a summary of those from five

imputation datasets.24

†Overall hazard ratio presented despite some evidence of non-proportional hazards over time.
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of “extended dominance”—at any cost effectiveness
threshold, either medical management or bypass sur-
gery was amore cost effective option (fig 2). The incre-
mental cost effectiveness ratio for bypass surgery
compared with medical management was estimated as
£19 000 per quality adjusted life year (table 3). The
probability that bypass surgery, percutaneousmanage-
ment, and medical management are the most cost
effective forms of management was estimated at 63%,
22%, and 15% respectively (fig 2).
Among patients appropriate for percutaneous man-

agement only, percutaneous management dominated
bypass surgery (that is, it was less costly andmore effec-
tive than bypass surgery) and had an estimated incre-
mental cost effectiveness ratio of £47 000 per quality
adjusted life year comparedwithmedicalmanagement
(table 3). This incremental cost effectiveness ratio is
above the maximum usually considered acceptable
by the NHS, making medical management the most
cost effective treatment strategy in patients rated as
appropriate for percutaneous management. The prob-
ability that percutaneous management is most cost
effective was estimated at 36%, compared with 54%
for medical management (fig 2).

Sensitivity analysis

The cost effectiveness results were robust to adjust-
ment for the timing of the one year questionnaire, the
exclusion of patient reported cost data, and the inclu-
sion of other hospital admissions. Altering the defini-
tion of actual management to treatment received
within 15 months of angiography did not affect the
study results. However, among the group rated as

clinically appropriate for bypass surgery, altering the
definition of actual management to treatment received
within nine months caused the incremental cost effec-
tiveness ratio for bypass surgery comparedwith percu-
taneous management to increase from £22 000 to
£33 000.

DISCUSSION

Among consecutive patients, all of whom were judged
to be clinically appropriate for revascularisation, the
analysis suggests that bypass surgery within
12 months was cost effective in relation to a standard
UK threshold but that percutaneous management was
not. These findings challenge clinical practice and
healthcare policy, which has evolved on a basis of evi-
dence of effectiveness from clinical trials, largely in iso-
lation from considerations of cost effectiveness. As
angina pectoris has a high incidence and prognostic
burden in the general population,wheremany patients
are not evaluated for revascularisation,26 these findings
are important for public health.

Strengths and limitations

This study has several strengths. Firstly, we defined
clinical appropriateness by using an explicit method
that has been shown to be highly reliable and prognos-
tically valid.5 27 We used an expert panel to provide an
independent measure of appropriateness, before
recruitment of patients. Based on all forms of evi-
dence—meta-analyses,28 29 trials, observational studies,
and clinical experience—the panel’s judgments aimed
to articulate clinical appropriateness, without consid-
eration of cost.

Table 3 | Effectiveness and economicmeasures by appropriateness category and actualmanagement. Values aremean (SD) unless stated otherwise

Appropriate for CABG only (n=815) Appropriate for both (n=520) Appropriate for PCI only (n=385)

Received CABG
(n=408)

Received PCI
(n=54)

Received MM
(n=353)

Received CABG
(n=149)

Received PCI
(n=173)

Received MM
(n=198)

Received CABG
(n=45)

Received PCI
(n=137)

Received MM
(n=203)

Utility at
baseline*

(n=281)
0.54 (0.23)

(n=35)
0.48 (0.22)

(n=262)
0.60 (0.22)

(n=94)
0.45 (0.22)

(n=120)
0.50 (0.22)

(n=145)
0.54 (0.22)

(n=33)
0.56 (0.24)

(n=96)
0.57 (0.23)

(n=148)
0.61 (0.21)

Utility at 6 years* (n=264)
0.69 (0.29)

(n=35)
0.61 (0.36)

(n=219)
0.67 (0.31)

(n=100)
0.66 (0.31)

(n=108)
0.65 (0.30)

(n=131)
0.61 (0.30)

(n=28)
0.69 (0.28)

(n=100)
0.65 (0.29)

(n=129)
0.66 (0.29)

Life years†: 4.95 (1.47) 4.95 (1.57) 4.94 ( 1.32) 5.14 (1.19) 5.07 (1.27) 5.08 (1.14) 5.07 (1.15) 5.31 (0.95) 5.20 (0.95)

Adjusted MD
(95% CI)

0‡ 0.03
(−0.32 to 0.39)

−0.03
(−0.21 to 0.15)

0‡ −0.17
(−0.45 to 0.11)

−0.09
(−0.36 to 0.17)

−0.13
(−0.55 to 0.29)

0‡ 0.06
(−0.21 to 0.33)

QALYs†: (n=317)
3.29 (1.55)

(n=40)
3.01 (1.54)

(n=293)
3.02 (1.53)

(n=114)
3.13 (1.37)

(n=127)
2.93 (1.65)

(n=164)
2.83 (1.39)

(n=40)
3.08 (1.59)

(n=111 )
3.31 (1.47)

(n=161)
3.15 (1.43)

Adjusted MD
(95% CI)

0‡ −0.15
(−0.51 to 0.20)

−0.40
(−0.58 to −0.22)

0‡ −0.24
(−0.52 to 0.04)

−0.39
(−0.70 to −0.09)

−0.07
(−0.50 to 0.37)

0‡ −0.06
(−0.36 to 0.24)

Total cost (£)†: 16 980 (7879) 13 875 (7815) 10 850 (7220) 17 859 (6940) 14 007 (10 453) 10 690 (7888) 16 541 (5571) 11 493 (6468) 8775 (7364)

Adjusted MD
(95% CI)

0‡ −3230 (−5417 to
−1044)

−5870 (−6961 to
−4779)

0‡ −3820 (−5510 to
−2130)

−7255 (−8875 to
−5636)

4947 (2359 to
7534)

0‡ −2847 (−4510 to
−1184)

ICERs (£perQALY)
(from adjusted
values)

22 000 (v PCI) 11 000 (vMM) – 19 000 (vMM) ED – D 47 000 (vMM) –

CABG=coronary artery bypass graft; PCI=percutaneous coronary intervention; D=dominated; ED=ruled out by extended dominance; ICER=incremental cost effectiveness ratio (cost per QALY

gained calculated in comparison with next relevant, less costly alternative)19; MD=mean difference; MM=medical management; QALY=quality adjusted life year.

*Includes values from prediction model as well as observed utility (for six year values only).

†Discounted at rate of 3.5% a year.

‡Reference category.

Adjustments are for age, sex, ethnic group, Canadian Cardiovascular Society score, left ventricular function, previous stroke, myocardial infarction, previous CABG, previous PCI, diabetes,

diffuse disease, diseased vessels, heart failure, and Parsonnet score; adjusted analysis of QALYs and total cost are from seemingly unrelated regression and include an additional

adjustment for baseline utility; for all analyses missing data have been imputed by multiple imputation23; results are a summary of those from five imputation datasets.24
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Secondly, more than 90% of unselected consecutive
patients were matched to an appropriateness rating,
allowing our results to represent a real world view of
cost effectiveness; patients selected into clinical trials
may not be representative of unselected patients in
terms of baseline severity of disease, health related
quality of life, use of resources, and prognosis.30 The
case fatality we observed in this population (approxi-
mately 3% a year) was comparable to that seen in large,
less selected, primary care populations.26 Our analysis
wasmade possible by the ubiquitous phenomenon that
not all patients in whom revascularisation is deemed
appropriate will actually receive it. We have shown
that clinical appropriateness ratings in a broad unse-
lected population accord with evidence of clinical
effectiveness from trials.
Thirdly, wewere able tomake comparisons between

three alternative management strategies that may
never be simultaneously investigated in cost effective-
ness analysis alongside randomised trials. This is both a
strength and limitation; observational studies may be
the only study design to answer the research question,
but they comeat a cost of confounding. Patientswhogo
on to receive bypass surgery may have been destined

to have better outcomes than thosewhodonot, and the
results may therefore be “confounded by indication.”
We sought to redress this both by design (patients who
are judged to be suitable candidates for revascularisa-
tion are by definition more similar than those who are
not) and by analysis (by using multivariate regression
analysis to adjust for the potential confounding effects
of baseline clinical and demographic characteristics).
A second limitation of our analysis, inherent in the

need for long term follow-up studies, is that we do not
knowwhether percutaneousmanagement judged clini-
cally appropriate according to the most recent criteria
remains not cost effective. Although this awaits empiri-
cal testing, several lines of evidence indicate that this
may be the case. The cost of the percutaneousmanage-
ment procedure has increased with drug eluting
stents,31 and percutaneous management remains asso-
ciated with higher costs resulting from subsequent
admission to hospital. Meanwhile, an increasing num-
berof drugs for secondarypreventionhavebeen shown
to improve outcomes in chronic coronary disease.

Association of clinical appropriateness with better

outcomes

Patients who had bypass surgery were least likely to
have angina present at six years. This confirms findings
from randomised trials,2-32 but in a broader, unselected
population. The treatment rated as clinically appropri-
ate corresponds with the greatest number of quality
adjusted life years, although this result was statistically
significant only for the comparisonofmedicalmanage-
ment with clinically appropriate bypass surgery.
Throughout the six year follow-up of this unselected
patient group, quality of life remained lower than
expected from age specific population norms. The
low utility scores, despite intervention, reflect the find-
ings of the bypass angioplasty revascularisation inves-
tigation (BARI) trial, in which anginawas also found to
have a substantial negative impact on quality of life.33

Lack of cost effectiveness of percutaneous coronary

intervention

Our analysis indicates that clinically appropriate percu-
taneous management within 12 months was not cost
effective. Despite the large increase in numbers of per-
cutaneous coronary intervention procedures seen in
many countries, we do not find this result surprising:
the high costs of percutaneous management and the
need for subsequentprocedures,33234 absenceofmortal-
ity benefit,35 and absence of a marked gain in quality of
life have all been separately reported in trials. Our con-
tribution is to estimate jointly the cost and outcome of
percutaneous management that is considered clinically
appropriate, in comparison with medical management
and bypass surgery. The use of percutaneous manage-
ment has increased rapidly, on the sole basis of clinical
criteria without consideration of the economic conse-
quences. As a result, the funds invested in percutaneous
management could potentially be invested inmore cost
effective treatments that would provide greater benefit
to NHS patients.
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Cost effectiveness of bypass surgery

Bypass surgery within 12 months was the most cost
effective strategy among patients rated as appropriate
to have bypass surgery if the maximum incremental
cost effectiveness ratio the NHS is willing to accept is
around £30 000 per quality adjusted life year. How-
ever, if we define actual management as treatment
received within nine months (which may be viewed
as short given a mean UK waiting time of 6.5 months
at the time of the study36) the incremental cost effec-
tiveness ratio just exceeds £30 000 per quality
adjusted life year. We found that the relative cost dif-
ferences between bypass surgery and percutaneous
management reduced over the follow-up period, but
the absolute difference remained significant at six
years. Medical management is consistently the least
costly form of management; the low treatment costs
are not fully offset by high admission rates or costs of
late procedures. Previous trials have indicated a
greater degree of “catch up.” The BARI trial showed
an increase in percutaneous management costs from
65% to 98% of bypass surgery costs after 12 years of
follow-up; most of the gain was in the first five years.33

Future work could extend the cost effectiveness
model over a lifetime horizon, in which interventions
with large “up-front” costs, such as bypass surgery,
may seem more cost effective. Willingness to pay
thresholds differ markedly across countries with the
greatest numbers of people with chronic coronary
disease—India, China, Russia, United States—and
similar study designs could be used to inform national
policies.

Conclusion

This cost effectiveness analysis in a real world setting
offers a challenge to physicians, providers, and payers
to show that the management of coronary disease cur-
rently offered, however clinically beneficial, is also cost
effective. This was the case for bypass surgery within
12 months, but not for percutaneous management, for
which the additional benefit was too small to justify the
additional cost over the consistently less costly strategy
of medical management.
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