
Cost-effectiveness of
alternative strategies for the 
initial medical management of 
non-ST elevation acute coronary
syndrome: systematic review and
decision-analytical modelling

M Robinson,1* S Palmer,2 M Sculpher,2 Z Philips,2

L Ginnelly,2 A Bowens,1 S Golder,3 K Alfakih,4

A Bakhai,5 C Packham,6 N Cooper,7

K Abrams,7 A Eastwood,3 A Pearman,8

M Flather,5 D Gray9 and A Hall4

1 Nuffield Institute for Health, University of Leeds, UK 
2 Centre for Health Economics, University of York, UK
3 NHS Centre for Reviews and Dissemination, University of York, UK
4 BHF Heart Research Centre at Leeds, Leeds General Infirmary, UK
5 Clinical Trials and Evaluation Unit, Royal Brompton and Harefield NHS

Trust, London, UK
6 Division of Public Health Sciences, University of Nottingham, UK
7 Department of Epidemiology and Public Health, University of Leicester, UK
8 Centre for Decision Research, University of Leeds, UK
9 Department of Cardiovascular Medicine, University Hospital, 

Queen’s Medical Centre, Nottingham, UK

* Corresponding author

HTAHealth Technology Assessment 
NHS R&D HTA Programme

Health Technology Assessment 2005; Vol. 9: No. 27

Executive summaryIn
it

ia
l m

ed
ic

al
 m

an
ag

em
en

t 
of

 n
on

-S
T

 e
le

va
ti

on
 

ac
ut

e 
co

ro
na

ry
 s

yn
dr

om
e

Copyright notice

© Queen's Printer and Controller of HMSO 2005

HTA reports may be freely reproduced for the purposes of private research and study and may be included in professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertising

Violations should be reported to hta@soton.ac.uk

Applications for commercial reproduction should be addressed to HMSO, The Copyright Unit, St Clements House, 2–16 Colegate, Norwich NR3 1BQó



Background
This report describes the development of a
decision model to evaluate the cost-effectiveness of
glycoprotein IIb/IIIa antagonists (GPAs) in non-ST
elevation acute coronary syndrome (ACS) and the
systematic review that was undertaken to populate
that model. A more general literature review has
been published in a separate issue of Health
Technology Assessment as an update report from an
earlier Technology Assessment Review for the
National Institute for Health and Clinical
Excellence (NICE).

There are about 115,000 new cases per year of
non-ST elevation ACS in England and Wales, and
5–14% of patients die within a year of diagnosis.

Objectives
The objectives of this study were:

� to identify and prioritise key areas of clinical
uncertainty (‘decision problems’) regarding the
medical management of non-ST elevation ACS
in current UK practice

� to undertake a systematic review of relevant
randomised controlled trials (RCTs) and
previous economic evaluations

� to construct a decision-analytical model for the
most important ‘decision problem’, and to
populate this with the results of the systematic
review and other relevant data

� to identify priorities for future research, by
application of value of information techniques.

Methods
Potential areas of important uncertainty were
identified by discussion with clinicians, and by
identifying areas of disagreement in published
clinical practice guidelines. Decision problems
were prioritised on the basis of the extent of
disagreement set out in guidelines and expressed
by clinicians in a postal survey. This examined the
intended management of a series of clinical
vignettes and the level of uncertainty attached to
each therapeutic decision.

A systematic literature review was limited to the
most highly prioritised decision problems rather
than including all medical treatments for non-ST
elevation ACS. It focused on published RCTs and
full economic evaluations. Standard methods, as
recommended by the NHS Centre for Reviews and
Dissemination, were used to carry out the review.
All intravenous drugs within the broad class of
agents prioritised for study were considered,
whether or not they were currently licensed in the
UK. The literature review included reports on
high-risk subgroups of patients. 

A two-part decision model was constructed that
consisted of a short-term phase, during which the
results of the systematic review could be directly
applied, and a long-term phase that included
relevant information from a UK observational
study to extrapolate estimated costs and effects
over a longer-term time horizon. 

The short-term phase of the decision model
covered the period up to 6 months after initial
presentation. Baseline probabilities of death, 
non-fatal myocardial infarction (MI) and
revascularisation during this period, as well as
resource costs, were estimated from an
observational cohort registry of 1046 patients
admitted to 56 UK hospitals with ACS during
1998–9 (PRAIS-UK). To supplement these data, 
a retrospective sample of patients with ACS
undergoing urgent percutaneous coronary
intervention (PCI) at the Yorkshire Heart Centre
in Leeds was identified and an audit of outcome at
6 months was undertaken. 

To model the effect of GPAs during the short-term
phase, baseline probabilities of death, non-fatal
MI, revascularisation and major bleeding and
costs from the UK data were adjusted using the
relative risk reductions associated with each
strategy derived from the systematic review. 

Long-term costs and quality-adjusted life-years
(QALYs) beyond 6 months were estimated using a
Markov model populated with probability and
resource use data from the 1992 and 1998 cohorts
of the Nottingham Heart Attack Register. Patients
in these cohorts had an initial working diagnosis
of typical ischaemic pain/angina (but did not 
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have ST-elevation acute MI) and had been followed
up for 5 years and 21 months, respectively.

The model was probabilistic and took the
perspective of the NHS as a whole. Standard
discount rates for UK health economic evaluations
were also applied. To examine the dependence of
the results on baseline parameters, sensitivity
analyses were undertaken using alternative data
sources. Expected value of information analysis
was carried out to estimate the expected value of
perfect information associated with the decision
problem. This provided an upper bound on the
monetary value associated with additional research
in the area.

Results
Discussions with clinicians produced a shortlist of
seven current areas of clinical uncertainty
(decision problems) in the drug treatment of
patients with unstable angina. The agents
concerned were clopidogrel, low molecular weight
heparin, hirudin, and intravenous GPAs. Twelve
published clinical guidelines for unstable angina
or non-ST elevation ACS were identified, but few
contained recommendations about the specified
decision problems. The postal survey of clinicians
showed that the greatest degree of disagreement
existed for the use of small molecule GPAs, and
the greatest degree of uncertainty existed for
decisions relating to the use of abciximab 
(a large molecule GPA). Overall, decision
problems concerning the GPA class of drugs were
considered to be the highest priority for further
study.

Searches for pre-existing systematic reviews
identified a pair of reviews undertaken in 2000 as
part of the NICE technology appraisal of GPAs.
The two search strategies encompassed the
literature considered necessary for the present
study. Papers included in the present review were
those that were relevant based on the previous
reviews, plus results from update searches with a
cut-off date of January 2001.

Papers describing the clinical efficacy of treatment
were divided into three groups, each representing
an alternative strategy. Strategy 1: use of GPAs as
part of the initial medical management of all non-
ST elevation ACS; strategy 2: use only in patients
scheduled for early invasive management; and
strategy 3: use as an adjunct to PCI for ACS
patients at the time of the procedure or up to 
1 hour beforehand. 

Eight trials were identified for strategy 1, one for
strategy 2 and 10 for strategy 3. Trials varied
considerably in size, inclusion criteria and results.
In addition, 18 papers were identified that
reported results in high-risk subgroups of the
main trials, but there was insufficient information
to construct reliable relative risk reductions (RRRs)
for specific subgroups suitable for inclusion in the
model. Approaches to individual investigators
yielded little additional information.

Results before sensitivity analysis suggested that
strategy 1 (use of GPAs as part of the initial
medical management of all non-ST elevation ACS)
was the optimal choice, with an incremental cost-
effectiveness ratio (ICER) of £5738 per QALY
compared with no use of GPAs. Strategy 2 was
both more expensive and less effective than no use
of GPAs. Strategy 3 was cost-effective compared
with no use of GPAs, but was inferior to strategy 
1. Stochastic analysis showed that if the health
service is willing to pay £10,000 per additional
QALY, the probability that strategy 1 was cost-
effective was around 82%, increasing to 95% at a
threshold of £50,000 per QALY. The conclusion
that strategy 1 was the optimal approach was
robust to all the sensitivity analyses undertaken,
including variations on the time horizon of the
model, quality adjustment, the costs of GPAs, the
inclusion of clopidogrel as an alternative to the
use of GPAs, and the calculation of baseline event
rates from a recent patient level meta-analysis of
trial data. For the sensitivity analyses that 
excluded the use of clopidogrel, the ICERs for
strategy 1 ranged from £4605 to £10,343 per
QALY gained. 

The only sensitivity analysis in which strategy 1
was not the optimal approach was a two-way
analysis, both changing the treatment without
GPAs to include routine clopidogrel and 
applying the RRRs for GPAs reported in a 
recently published meta-analysis using 
patient-level data. In this analysis, treatment 
with clopidogrel instead of GPAs was the most
cost-effective option. It was not possible to 
model the use of GPAs in combination with
clopidogrel. 

A sensitivity analysis including an additional
strategy of using GPAs as part of initial medical
management only in patients at particularly high
risk (as defined by age, ST depression or diabetes)
showed this additional strategy was yet more cost-
effective than strategy 1 in the base case, with an
ICER of £3996 per QALY compared with no
treatment with GPA.
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Value of information analysis suggested that there
was considerable merit in additional research to
reduce the level of uncertainty in the optimal
decision. At a threshold of £10,000 per QALY, the
maximum potential value of such research in the
base case was calculated as £12.7 million per
annum for the UK as a whole. Taking account of
the greater uncertainty in the sensitivity analyses
including clopidogrel, this figure was increased to
approximately £50 million. 

Conclusions
Initial consideration of a number of new drug
treatments for non-ST elevation ACS concluded
that the most important uncertainties surrounded
the use of GPAs. The systematic review and
decision model clearly demonstrated that use of
GPAs in all patients as part of initial medical
management was more cost-effective than selective
use associated with intervention, or no use at all.
The best estimate of the magnitude of this benefit
was an increase in quality-adjusted survival of 
about 35 days per patient at an additional cost 
of £570 per patient. This suggests the use of GPAs
in all non-ST elevation ACS patients as part of
their initial medical management. Sensitivity
analysis showed that virtually all of the benefit
could be realised by treating only high-risk
patients, defined as those aged over 70 years, with
diabetes, or with ST depression or positive cardiac
troponins. 

This conclusion conforms in general terms with
current guidelines from the specialist association
(British Cardiac Society) and from NICE, which
recommend use of GPAs as part of initial medical
management in high-risk patients, although these
guidelines also recommend use in all patients
undergoing PCI, which was not supported by the
model. Current practice in the NHS (as at May
2002) is likely to use an even higher threshold for

GPAs, with clopidogrel being used instead as part
of initial medical treatment, and GPAs
predominantly used as adjunctive to PCI. This
approach most closely resembles strategy 3 of the
model. Although this was shown to be cost-
effective compared with no use of GPAs, with an
ICER of £25,000 per QALY in the base case, it was
inferior to strategy 1, use of GPAs as part of the
initial medical management of all non-ST
elevation ACS.

Further clarification of the optimum role of GPAs
in the UK NHS depends on the availability of
further high-quality observational and trial data.
Value of information analysis derived from the
model suggests that a relatively large investment
in such research may be worthwhile. This should
be focused on:

� the identification of the characteristics of
patients who benefit most from GPAs as part of
medical management

� the comparison of GPAs with clopidogrel as an
adjunct to standard care

� follow-up cohort studies of the costs and
outcomes of high-risk non-ST elevation ACS
over several years, building on such studies as
the Nottingham Heart Attack Register

� exploring how clinicians’ actual decisions
combine a normative evidence-based decision
model with their own personal behavioural
perspective.
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