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Abstract

he objective of this analysis was to assess the
Thealth economic outcomes of treating patients

undergoing percutaneous transluminal coronary
angioplasty (PTCA) with amlodipine over a four-month
time period in the UK. The total expected costs were
determined and compared for patients using
amlodipine versus those on placebo following an initial
angioplasty. A decision tree model was constructed to
estimate these total expected costs. Clinical data for
the model were obtained from the Coronary
Angioplasty Amlodipine Restenosis Study (CAPARES).
Clinical outcomes in the model included myocardial
infarction (M), repeat PTCA, coronary artery bypass
grafting (CABG) and all-cause mortality. Resource usage
and economic data for the model were produced
through the use of a modified Delphi panel and various
economic literature and databases. The adjunctive use
of amlodipine with PTCA decreased the rate of all
adverse clinical outcomes by 9.4%. This improved
clinical outcome led to a decrease in overall four-month
costs per patient using amlodipine of £204. The total
expected cost per patient using amlodipine was £3,833
and the total expected cost per patient not using
amlodipine was £4,037.
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Introduction

In the United Kingdom (UK), the use of angioplasty increased by
an average of 39% per year between 1985 and 1993.
Approximately 175 percutaneous transluminal coronary angio-
plasty (PTCA) procedures per million population were performed
in 1992 and, by 1998, this number had increased to about 425
procedures per million population.? A percutaneous coronary
intervention followed one out of five angiograms.? Although the
success rate of the procedure itself is relatively high initially, PTCA
can lead to adverse clinical outcomes and the need for revascu-
larisation. A 1994 study by Hamm et al found that further inter-
ventions were necessary within one year of follow-up in 44% of
PTCA patients.®> Restenosis is estimated to occur in 20-50% of
patients, with a peak incidence between one and four months
after PTCA.*® It has been reported that acute ischaemic compli-
cations alone can increase initial hospitalisation costs of PTCA by
150-400%. In addition, any potential cost advantages associat-
ed with an initial PTCA are often offset by costs relating to sub-
seqguent revascularisation procedures and in-patient stays.?
While advances in techniques have improved prognoses, there
remains a need for greater understanding of more cost-effective
interventions.

Calcium channel blockers inhibit platelet aggregation and
reduce the production of platelet-derived growth factor which,
in turn, may have the clinical advantage of reducing the inci-
dence of complications relating to initial angioplasty.>”* In the
recently published Coronary Angioplasty Amlodipine Restenosis
Study (CAPARES), there was no significant angiographic evi-
dence that amlodipine usage reduced mean loss in minimal
lumen diameter, a measure of restenosis. However, use of
amlodipine before and after PTCA was associated with a signifi-
cant reduction in the incidence of composite major adverse clin-
ical events (defined as death, myocardial infarction, CABG
surgery or repeat PTCA).™ Therefore, amlodipine may have
potential health economic benefit through a substantial reduc-
tion in hospitalisations and costs associated with repeat revascu-
larisations and complications of initial PTCA.

The objective of this analysis was to utilise the clinical findings
of CAPARES to evaluate the health economic outcomes associ-
ated with using amlodipine in patients undergoing PTCA in the
UK. Angiographic end points were evaluated in the CAPARES
study but not in our economic analysis since clinical end points
are the most relevant for an economic study. A decision tree
model was developed to show the impact of amlodipine admin-
istration on the risk of myocardial infarction (MI), repeat PTCA,

31



coronary artery bypass grafting (CABG) and subsequent total
health care costs.

Methods

A decision tree model was developed to evaluate the economic
impact of the clinical outcomes for patients who used amlodip-
ine with PTCA versus those who did not. Total expected costs
were determined and compared for each of the two cohorts over
a four-month period from the perspective of the UK National
Health Service (NHS). Clinical outcome data in the decision tree
model were obtained from the CAPARES trial and cost data were
evaluated for each clinical outcome to perform the economic
modelling. Clinical outcomes consisted of myocardial infarction
(MI), CABG, repeat PTCA and all-cause mortality.

The CAPARES trial was conducted to investigate the effect of
amlodipine on restenosis and clinical outcomes in patients under-
going PTCA. The prospective double-blind trial selected 635
patients from centres in Canada and Norway. These patients were
randomised to 10 mg amlodipine (n=318) or placebo (n=317).
Patients were started on 5 mg amlodipine and increased to 10 mg
after one week. Drug treatment began two weeks prior to PTCA
and ended four months after PTCA. Angioplasty was performed
in 585 patients (92.1%), of whom 291 were in the amlodipine
group and 294 in the placebo group. Only the clinical outcomes
of these 585 patients were included in the decision tree model.

Since the study did not provide economic data, we performed
an analysis to determine the cost of each of the outcomes in
CAPARES for use in our economic model. In-patient costs were
obtained from the 1999 National Schedule of Reference Costs of
the NHS™ and made up the majority of costs. The out-patient
costs were also evaluated for a four-month period by creating a
master list of resources using a modified Delphi panel approach.
Five cardiology experts from the UK were questioned to establish
a consensus on the prevailing clinical management of the relevant
outcomes and the type and frequency of out-patient healthcare
resources consumed during the course of treatment and follow-
up care for MI, PTCA and CABG. Average values from the indi-
vidual responses were used to determine total resource consump-
tion per patient. Physicians were surveyed and follow-up ques-
tions were employed when necessary.

Costs were then assigned to each resource to estimate the
total cost of each clinical outcome in the decision tree model.
Three hospitals were surveyed for the unit costs of physician vis-
its, laboratory tests, treatment costs and rehabilitative care.’
Drug costs were obtained from the British National Formulary
37.7 In addition, estimates of the incremental cost associated
with multiple revascularisation procedures within a single hospi-
talisation were obtained from the RITA trial.® We accounted for
differences between events which occurred during the initial
revascularisation procedure and events which occurred post-dis-
charge since these costs would vary. The results are presented in
table 1.

Results
Total in-patient costs were highest for CABG (£6,105) and low-
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Table 1.  Cost breakdowns of clinical outcomes for PTCA, CABG and MI

PTCA
In-patient costs'*

Total PTCA in-patient cost £2,673.00

Total urgent PTCA in-patient cost £2,450.13

Out-patient costs (four months)

Lab tests? £242.22

Physician visits? £178.00

Drugs® £296.12
Total out-patient cost £716.34

CABG

In-patient costs'*

Total CABG in-patient cost £6,105.00

Total urgent CABG in-patient cost £3,137.58

Out-patient costs (four months)

Lab tests? £206.23

Physician visits? £277.50

Long-term care’ £805.00

Drugs’ £198.30
Total out-patient cost £1,487.04

Mi

In-patient costs'*

Total Ml in-patient cost £1,285.00

Total urgent Ml in-patient cost £809.87

Out-patient costs (four months)

Lab tests? £586.48

Physician visits? £272.50

Long-term care? £153.60

Drugs® £468.20
Total out-patient cost £1,480.78

Key: 1. The NHS 1999 National Schedule of Reference Costs'
2. Cost data from health economists at the following three hospitals:
a. The Princess Margaret Hospital (public, Berkshire)
b. The Cromwell Hospital (private, London)
¢. The Brompton Hospital (public, London)
3. British National Formulary 37"
4. Incremental cost for multiple procedures from RITA trial®

est for Ml (£1,285) (table 1). Patients who had either an Ml or a
CABG had the highest follow-up care costs, at £1,481 and
£1,487 respectively. The highest cost patients were those who
underwent CABG in addition to their initial PTCA, especially if
CABG was performed after hospital discharge.

In the CAPARES clinical trial, the use of amlodipine in patients
who underwent PTCA significantly reduced the incidence of
composite major adverse clinical events such as repeat PTCA,
CABG, Ml and death. In the placebo cohort, 13.6% of patients
experienced at least one adverse clinical outcome compared to
6.9% of patients in the amlodipine cohort (table 2). Among
placebo patients, 3.7% had an MI, 7.8% had a repeat PTCA,
4.4% had a CABG and 0.3% died. Among amlodipine patients,
1.7% had an MI, 3.1% had a repeat PTCA, 1.7% had a CABG
and 0.3% died.

Some of the placebo patients experienced more than one
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Table 2. Rates of clinical end points in the CAPARES trial™

Amlodipine group Placebo group p value
(n=291) (n=294)
Events
Death 0.3% (1) 0.3% (1) 0.99
Mi 1.7% (5) 3.7% (11) 0.13
CABG 1.7% (5) 4.4% (13) 0.058
Repeat PTCA 3.1% (9) 7.8% (23) 0.011
Composite 6.9% (20) 13.6% (40) 0.007
end points
All'end points ~ 6.9% (20) 16.3% (48)

adverse clinical outcome (table 2) which explains why the rate of
composite end points differs from the rate of all end points for
placebo patients. Composite event rates, in which only the first
event is counted for each patient, were not used in the base-case
decision tree analysis. Instead, the rates used in the decision tree
analysis reflected the rates of each event or procedure indepen-
dent of one another (16.3% for the placebo group and 6.9% for
the amlodipine group). While composite end points are often
employed to report clinical data, economic models require com-
plete accounting of events in order to measure costs accurately,
therefore composite rates are not appropriate. To evaluate the
impact of our chosen analytical approach, we performed a sec-
ondary analysis using only the composite end point rates.

Once each branch of the decision tree model had been
assigned a cost and the probabilities of each clinical outcome
from the CAPARES trial had been incorporated into the model,
it was found that, over four months, patients who used
amlodipine with PTCA had a lower total cost than patients who
did not use amlodipine with PTCA. The decision trees in figures
1 and 2 represent the probabilities and costs associated with
each possible combination of events experienced by both treat-
ment arms. Expected cost is the weighted average cost of all

possible combinations, including the cost of the initial PTCA pro-
cedure. The total expected cost per patient in the amlodipine
cohort was estimated at £3,832.82 (figure 1) while the total
expected cost per patient in the placebo cohort was estimated
at £4,036.91 (figure 2). This translated into a cost difference of
£204.09 per patient over four months.

A large portion of the cost savings generated in the amlodip-
ine arm arose because smaller numbers of subjects required
repeated interventions. Fewer patients in the amlodipine arm
needed additional revascularisation, either PTCA or CABG, com-
pared with the placebo arm (4.8% vs 12.2%,).

A secondary analysis was performed under the conservative
assumption that patients with multiple events had experienced
these events during the same hospital stay. Among CAPARES
subjects, more than one event may have occurred during a sin-
gle hospitalisation and so, from a cost perspective, they may
not be mutually exclusive. To account for this in the most con-
servative fashion, and to avoid any possibility of double-count-
ing costs, it was assumed that patients who experienced more
than one event would only incur the cost of a single event. For
the amlodipine arm, the results remain the same since there
were 20 events in 20 patients. For the placebo group, 40
patients experienced 48 events. When it was assumed that
each of the 40 patients incurred only the cost of one event, the
overall expected cost of a placebo patient was reduced to
£3,953 from £4,037 per patient in the base-case analysis: the
cost saved per patient was reduced from £204 in the base-case
analysis to £121.

Sensitivity analyses
Both univariate and multivariate sensitivity analyses were per-
formed on key variables in the model in order to determine
whether the rank order of the results would change as a result
of varying parameter values.

In the univariate analysis, a range of estimates was evaluated
for in-patient medical costs and PTCA success rates. Varying in-
patient costs by +/-20% did not result in a change in the rank-

Figure 1. Decision tree model for amlodipine cohort

Expected cost

£3,832.82

Initial PTCA cost

PTCA with amlodipine p

£2,820.00

93.1% 271 successes P £807.64
<
25.0% 5 Mis in hospital
4 £2,381.96
45.0% 9 PTCAs post-discharge « | £3.48064
< e
6.9% 20 failures =
60.0% 3 urgent CABGs
< | £4715.91
25.0% 5 CABGs
40.0% 2 CABGs post-discharge
< £7,700.49
5.0% 1 death in hospital P £91.30
<« .

Key: PTCA = percutaneous transluminal coronary angioplasty; Ml = myocardial infarction; CABG = coronary artery bypass grafting
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Figure 2. Decision tree model for placebo cohort

Expected cost

£4,036.91

Initial PTCA cost

PTCA without amlodipine )

£2,820.00

83.7% 246 successes P
| £716.34 83.7%
81.8% 9 Mils in hospital 4 £2,290.65 319%
22.9% 11 Mis
s
18.2% t-disch
° POSLCCNANGe g | £2.76578| 07%
o
21.7% 5 urgent PTCAs « £3,166.47 1.7%
47.9% 23 PTCAs
78.3% 18 PTCAs
.3% post-discharge a o
16.3% 48 failures 5 | 338934 61%
9
53.8% 7 urgent CABGs < £4,624.61 2.4%
27.1% 13 CABGs
46.2% . CA%GSh
.. t-di
© Post-dlscnarde g | e7.609.19| 2.0%
2.1% 1 death 3 months post-discharge 4 £537.26 0.3%

Key: PTCA = percutaneous transluminal coronary angioplasty; Ml = myocardial infarction; CABG = coronary artery bypass grafting

order of the results. However, the model was sensitive to the rel-
ative success rate of PTCAs for amlodipine versus placebo. A
6.7 % increase in the rate of adverse clinical outcomes of PTCAs
with amlodipine (86.4% success rate and 13.6% failure rate for
amlodipine cohort) resulted in a break-even of total expected
costs between the two cohorts.

Multivariate analysis revealed that the model was robust
when multiple parameters were varied simultaneously.
Probabilities of an adverse clinical event were varied randomly
within the 95% confidence interval, based on a normal distribu-
tion. Costs of clinical outcomes were varied randomly within
+/-10% of the estimated cost, based on a uniform distribution.
For the cost per patient in the amlodipine group, 10 000 itera-
tions yielded a mean value of £3,833.87 with a standard devia-
tion of £168.17. For the cost per patient in the placebo group,
10 000 iterations yielded a mean value of £4,035.36 with a stan-
dard deviation of £175.17. Results from this analysis indicated
that the model was relatively insensitive to the varied parameters
and did not substantially affect the total expected costs or the
rank-order of the results.

Discussion

The adjunctive use of amlodipine with PTCA decreased the inci-
dence of adverse clinical events, which led to a reduction in the
four-month total expected cost for patients using amlodipine
versus those not using amlodipine. Most of the cost savings
were attributable to fewer subjects in the amlodipine treatment
group undergoing costly revascularisation procedures compared
with subjects in the placebo group.

There were several limitations inherent in this analysis. First,
the clinical data utilised in this analysis were derived from a trial
that included patients from Norway and Canada. Therefore, the
clinical data may not be entirely generalisable to the UK popula-
tion.
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Second, only direct costs were included in the analysis. We
did not consider here indirect costs relating to lost time and pro-
ductivity.

Third, neither the clinical trial nor the economic model
addressed quality of life issues, which are important outcome
measures after an intervention. After initial PTCA, the amlodip-
ine group had significantly fewer reinterventions compared to
the placebo group. Further studies should be undertaken to
quantify the benefits that these lower revascularisation rates
have in terms of quality of life.

Fourth, the CAPARES trial did not evaluate patients with
stents. Over the years, the practice of coronary stenting with
PTCA has become standard as a result of the improvements in
thrombosis and restenosis rates which accompany their usage.

Lastly, in order to mirror the duration of the clinical trial, the
time frame chosen for the economic model was only four
months. The time horizon for the model was not extended
beyond the length of the clinical trial because it was uncertain
whether the clinical benefits observed in the four-month clinical
trial would persist further.

Amlodipine has been demonstrated to decrease the number
of expensive repeat procedures needed. This translates into a
reduction in medical risks and an overall cost saving for patients
treated with PTCA. The NHS and healthcare providers in the UK
should consider this pharmacoeconomic evidence in developing
and promoting cost-effective treatments for coronary artery dis-
ease in the UK.
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Editors’ note

This article is the first of two looking at the cost-effectiveness of
amlodipine treatment. Its costs in patients with coronary artery

THE BRITISH JOURNAL OF CARDIOLOGY



% Key messages

® |n the CAPARES clinical trial, use of amlodipine in
patients undergoing PTCA reduced major adverse
clinical events

® This led to a reduction in the four-month total expected
cost for patients using amlodipine

® Most of the cost savings were attributable to fewer
revascularisations in the amlodipine group

disease in the UK will be considered in a future issue of the

jo

urnal.
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