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SUMMARY

Purpose Abciximab improves outcomes in patients undergoing percutaneous transluminal coronary intervention (PTCA).
Clinicians, however, have expressed concerns that they do not have enough budget to administer abciximab to all eligible
patients. We studied the patterns of prescribing of abciximab and identified factors that correlate with the level of usage.
Methods In each of all 13 Dutch PTCA centres one opinion-leading cardiologist was approached to provide data on the
abciximab prescribing in their centre and to co-operate in an interview on this topic. We performed linear regression analysis
in which the level of abciximab prescribing was the dependent variable. Potential determinants investigated were the number
of PTCAs performed, the criteria for abciximab prescribing, funding and possible financial restrictions, participation in
clinical trials in the past, percentage stenting, and desired level of abciximab prescribing.
Results All 13 PTCA centres in the Netherlands participated in our study. The level of abciximab prescribing varied from
2 to 36% of all PTCAs. The criteria for patient selection significantly differed between centres. Together budget, investi-
gatorship, size, and type of the institution were highly predictive for the level of abciximab prescribing (R2¼ 0.93,
p< 0.001). The more patients doctors had included in clinical trials in the past, the higher was the likelihood that they
had prescribed abciximab.
Conclusions Shortly after its introduction, patterns of abciximab prescribing varied widely between PTCA centres. There
was no agreement on which patients to select for this preventive treatment. Budget and involvement in clinical trials in the
past were important predictors of the level of prescribing in each centre. Copyright # 2002 John Wiley & Sons, Ltd.
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INTRODUCTION

Today’s health care increasingly has to face budget
constraints, while the possibilities for treatment are
getting more and more advanced and expensive.1 In
particular biotechnology has increased our under-
standing of disease processes and has facilitated the

discovery and production of therapeutic proteins.
Several biotechnology drugs have entered the market,
and many others are expected to follow.2,3 On the one
hand this implies a promise for the future, on the other
hand it raises concerns about the increasing costs of
health care, since most innovative drugs bear consi-
derable price tags. The risk of waste on expensive
and less effective drugs has so be set against the risk
of strangling innovations and inducing suboptimal
quality of care. Finding a balance in this delicate
equilibrium is one of the biggest challenges in
medical decision-making. Case studies of existing
drugs can be an important means to improve our
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decision-making in the future. Therefore, we present
here the case of abciximab (ReoPro1), a new drug
that inhibits platelet aggregation and is used in
patients undergoing percutaneous transluminal coron-
ary angioplasty (PTCA). PTCA is a technique to
dilate narrowed parts of the coronary artery in patients
with angina pectoris or myocardial infarction by
inserting a small balloon in the coronary artery and
inflating it at the spot of the stenosis. The two main
complications associated with a PTCA procedure
are abrupt vessel closure (4–9% of patients), leading
to myocardial infarction or death, and gradual re-
occlusion of the coronary artery (restenosis, 20–55%
of patients). Based on the first trial with high-risk
PTCA patients, in 1994 the European Medicines
Evaluation Agency (EMEA) approved abciximab as
an adjuvant treatment to prevent ischaemic cardiac
complications in high-risk patients undergoing
PTCA.4,5 Subsequent trials demonstrated that abci-
ximab also improved outcomes in a broader category
of patients6–8 and the official indication was extended
to include all PTCA patients by the end of 1997. From
a cost-effectiveness perspective, however, it may
be worthwhile to know in which category of patients
the benefit of abciximab is largest. Data on cost-
effectiveness and on specific subsets of patients has
so far been limited and inconclusive.9–13 In 1998 in
the Dutch media cardiologists expressed their concern
that their budgets did not allow them to give abcixi-
mab to all eligible patients. Public exposure of this
issue has been high. We studied the patterns of pre-
scribing of abciximab and identified factors that deter-
mine the level of prescribing per centre.

BACKGROUND

In the Dutch health care system all hospitals are bud-
geted. The budget for pharmaceuticals is the responsi-
bility of either the department of hospital pharmacy,
or of each clinical department separately for their
own share in it. The procedure cost of a PTCA proce-
dure (fixed costs plus variable costs, without hospital
days) amounts to about EUR 2700 without stent
implantation, and EUR 4100 with the implantation
of one or more stents.14 The prescribing of abciximab
adds about EUR 1200 to this amount. A stent is a tiny
wire mesh tube, which is implanted in the dilated
artery to prevent acute coronary occlusion and later
restenosis. It has been estimated that 60–80% of all
PTCA procedures involve the implantation of a
stent.15

Economic evaluations from a societal perspective
have demonstrated that the additional costs of

abciximab are partly offset by savings through a reduc-
tion in the number of revascularizations and MIs during
follow-up.12,16,17 From the perspective of the hospital
management, however, these savings may not actually
become apparent, since within the hospital the total
number of MIs treated or the number of revasculari-
zations performed will probably not decrease for
various reasons (e.g. existing waiting lists). In the
Netherlands, there are no official national guidelines
in use concerning the prescription of abciximab.

METHODS

From April to August 1999 one opinion-leading
cardiologist in each of all 13 PTCA centres in the
Netherlands was approached to provide data on the
abciximab prescribing in his centre and to co-operate
in an interview on this topic. Names of the opinion-
leading cardiologist in each centre, were given to us
by a leading Dutch cardiologist. All cardiologists
were first sent a letter, in which they were requested
to look up the data that were asked for in the question-
naire that was included. Subsequently we contacted
them again to collect the completed questionnaires
and discuss the outcomes. Ten respondents were inter-
viewed in person, three respondents were interviewed
by telephone, and one respondent returned the ques-
tionnaire by fax. All respondents provided us with
exact data on the budget arrangements and the utiliza-
tion of abciximab in 1998.

The primary outcome measured was the level of
abciximab prescribing in 1998, which was deduced
from the number of PTCAs performed and the number
of patients treated with abciximab. Potential determi-
nants which were addressed in the questionnaire
concerned criteria for prescribing, the funding and
possible financial restrictions on the treatment, parti-
cipation in clinical trials in the past, the proportion of
patients receiving stents, and opinion on the appropri-
ate level of abciximab prescribing. A summary of the
interview and the data provided was sent to each
respondent for confirmation. The quantitative data pro-
vided were analysed using both univariate and multi-
variate linear regression analysis, with the level of
abciximab prescribing being the dependent variable.

The level of abciximab prescribing is expressed as
the percentage of all PTCA procedures in which
abciximab was used. ‘Budget’ refers to any imposed
financial restrictions and is expressed as the percen-
tage of PTCAs in which abciximab treatment was
allowed. ‘Investigatorship’ is defined as the number
of patients that was included in clinical trials with
abciximab in the past (in the centre in which the
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respondent was working at that time). ‘Type of
institution’ refers to academic and non-academic
hospitals. ‘Size of institution’ is the number of
authorized beds in the total institution, including
departments other than cardiology.

RESULTS

The level of overall abciximab prescribing varied con-
siderably between centres, ranging from prescription
in 2 to 36% of all PTCAs performed (see Table 1
and Figure 1). Of total abciximab prescribing 75%
was administered surrounding stenting procedures.

Nine out of the 13 centres indicated that the use of
abciximab was restricted because of economic rea-
sons. Only four centres were completely satisfied with
the available budget at that time (their prescribing ran-
ged from 13 to 36%). Two of these had no budgetary
constraints at all, and the other two reported that the
available budget was sufficient.

Criteria for the selection of patients eligible for
abciximab treatment varied between centres. In total,
half of all treated patients received abciximab not
before PTCA to prevent thrombotic complications
(elective use), but during or after the procedure to treat
impending complications or to improve suboptimal
results (rescue or bail-out use). Five centres used
abciximab almost exclusively (90–100%) as a rescue
drug. These five centres all indicated that they used
this strategy out of budgetary considerations, to limit
the administration of scarce abciximab to those
patients who were most likely to benefit. Other centres
administered at least part of their abciximab elec-
tively. The various criteria for prescribing are sum-
marized in Table 2. When respondents were asked
how much abciximab would reasonably be needed
and which would be the appropriate criteria for pre-
scribing, the answers also were very different from
one centre to another (see ‘Desired reasonable percen-
tage of prescribing’ in Table 1).

As is shown is Table 3, the use of abciximab was
higher in academic centres than in non-academic
hospitals (not statistically significant). In all academic

Table 1. PTCAs, abciximab, budget and stenting in all 13 Dutch PTCA centres in 1998

Minimum Maximum Median Average

Number PTCAs performed 700 2025 1114 1176
Number of abciximab treatments 15 364 145 153
Percentage of PTCAs in which abciximab is used 2% 36% 11% 14%
Desired reasonable percentage of prescribing 13% 95% 28% 34%
Percentage of abciximab used electively 0% 90% 35% 37%
Percentage of abciximab used with stents 33% 96% 76% 75%
Budget

Number of abciximab treatments 0 460 84 128
Percentage of PTCAs in which abciximab can be used 0% 40% 10% 12%

Number of patients included in clinical trials in the past 0 184 15 37
Percentage of PTCAs in which a stent is implanted 40% 85% 60% 61%

PTCA, percutaneous transluminal coronary angioplasty.

Figure 1. Levels of abciximab prescribing in the 13 PTCA centres
in the Netherlands (% of PTCA procedures in which abciximab is
prescribed)

Table 2. Criteria for abciximab prescribing in 1998

Criterion Number of (% of all
centres using 13 centres)
this criterium

Rescue or bail-out situations 13 (100%)
Elective prescribing

PTCA of a bypass graft 7 (54%)
Angiographic suspicion of a thrombus 5 (38%)
Myocardial infarction patients 4 (31%)
Unstable patients 3 (23%)
Multi-vessel disease 2 (15%)
Complex or extensive lesions 2 (15%)
Diabetic patients with very bad arteries 1 (8%)

PTCA, percutaneous transluminal coronary angioplasty.
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centres except one, abciximab was financed from the
cardiology budget, while in all non-academic centres
abciximab was part of the budget of hospital phar-
macy. In univariate regression analysis, budget and
investigatorship (the number of patients included in
clinical trials with abciximab in the past) were the
most important determinants to explain the variation
in the current level of abciximab prescribing in each
centre (Table 4). The higher the budget and the higher
investigatorship, the higher the level of use.

Using a multiple linear regression model, we found
that together four parameters were highly predictive
of the level of prescribing (R2¼ 0.93, p< 0.001)
namely, budget, investigatorship, type of institution
and size of institution (Table 5).

DISCUSSION

We found a large variability in the level of abciximab
prescribing, which could be largely explained by
budget, investigatorship, and type of institution
(academic/non-academic). In the literature, investiga-
torship has already been identified as an important
determinant for drug prescribing. Pieters described
the ‘marketing push’ of clinical trials for the case of
interferon.18 Clinical trialists are likely to have earlier
and better knowledge and prepare budget decisions in
a more timely fashion, which may result in more early
use of the product. On average more abciximab was
used in academic than in non-academic hospitals
although this difference was not statistically signifi-
cant due to the small numbers of PTCA numbers in
the Netherlands (n¼ 13). Since academic centres are
more research-oriented, they are probably faster to
pick up new developments. The fact that abciximab
is financed from the budget of hospital pharmacy in
most non-academic centres and financed through the
department of cardiology in most academic centres,
may also partly explain the difference between aca-
demic and non-academic centres.

The situation that we encountered, in which non-
medical factors like budget and investigatorship so
strongly determined the level of abciximab prescribing,
could only exist because there was no agreement on the

Table 4. Determinants of the level of abciximab prescribing in 1998: univariate linear regression analysis

Coefficient p R2

Budget (percentage) 0.82 0.000 0.77
Number of patients included in clinical trials in the past 0.001 0.000 0.66
Percentage of PTCAs in which a stent is implantated 0.58 0.007 0.45
Size of institution (number of beds) 0.0002 0.05 0.25
Desired reasonable percentage of prescribing 0.21 0.12 0.13
Percentage of abciximab prescribed electively 0.13 0.14 0.11
Number of PTCAs performed �0.0001 0.32 0.06
Budget responsibility (Pharmacy/Department of cardiology) �0.05 0.39 0.00
Type of institution (academic/non-academic) 0.14 0.33 0.00

PTCA, percutaneous transluminal coronary angioplasty.

Table 5. Determinants of the level of abciximab prescribing in
1998: backwards multivariate linear regression analysis

value p

(Intercept) 0.0830 0.059
Budget (percentage) 0.5582 0.016
Number of patients included 0.0010 0.005
in clinical trials in the past
Type of institution 0.0702 0.046
(academic/non-academic)
Size of institution (number of beds) �0.0001 0.086

R2¼ 0.93; p< 0.001.

Table 3. Abciximab prescribing in academic and non-academic hospitals

Academic Non-academic p Department of Pharmacy p
cardiology responsible responsible

for budget for budget

Budget (percentage) 15.0% 6.3% 0.27 15.4% 5.5% 0.21
Actual percentage of PTCAs in 16.3% 10.2% 0.33 16.0% 10.6% 0.39
which abciximab is prescribed

PTCA, percutaneous transluminal coronary angioplasty.
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appropriate criteria for abciximab prescribing. We
found that there were large differences in the criteria
used to select patients for abciximab administration.
Rescue use of abciximab is frequently practised
although this strategy has hardly ever been tested in
clinical trials and is not an approved indication. This
indicates that there is budgetary pressure but also,
more importantly, that there is a problem in choosing
beforehand which patients to prescribe abciximab.
This is a common problem in preventive therapies.
It has been stated that no PTCA patient subgroup
has been identified who do not benefit from treatment
with abciximab.19,20 One could compare this with
cholesterol-lowering treatment with statins, which
has been proven effective in a broad category of
patients, including people with just average choles-
terol levels.21–23 The question then becomes a cost-
effectiveness issue: in which subgroups of patients
do we feel the balance between effects and costs is
still acceptable, and in which not? With regard
to statin, the prescribing consensus has been reason-
ably established by now,24 but for abciximab treat-
ment the debate has still to begin. Moreover, for
abciximab, patient numbers are much smaller and evi-
dence on subgroups and cost-effectiveness is much
more limited than for statins. There are already some
indications that abciximab may be especially benefi-
cial in patients with evolving myocardial infarction,
unstable angina or diabetes.10,19,20,25 More research
and debate in the area of cost-effectiveness in specific
subgroups is needed.

In 1998, 75% of total abciximab prescribing took
place surrounding stenting procedures, although this
indication had not been separately established. The
clinical trials performed with abciximab so far had
focused primarily on balloon patients; however, some
patients underwent bail-out stenting as well.26,27 Only
in 1999 was the indication of abciximab officially
extended to include its prescribing with stents as well,
based on a fourth randomized controlled trial investi-
gating the effects of combining both stenting and
abciximab.8 Apparently, the official broadening of
indications lags behind the practice in real life.

In this study we did not investigate patient records,
but we used data that the opinion-leading cardiolo-
gists from each centre reported to us. All PTCA cen-
tres in the Netherlands participated in our study (not a
sample). The use of abciximab is such an innovative
and expensive therapy, that the policy on, and the bud-
get for its administration, is agreed upon within the
team of cardiologists, and does not vary from person
to person within a centre. As such, we feel that the
data that we obtained are valid and representative. In

addition, any potential lack of precision has certainly
not hampered the interpretation of the data. The dif-
ferences between centres are so large, that very clear
associations could be established, as can been seen in
the results from the linear regression analysis
(R2¼ 0.96, p¼ 0.0003). In theory, differences in
patient characteristics may be an important determi-
nant to explain the observed variation in abciximab
prescribing, which we did not investigate. However,
each centre included in our study was designated by
the government to provide highly specialized inter-
ventional cardiology care to all patients in their catch-
ment area. Together, these 13 centres serve the whole
of the Netherlands. Therefore, we think that it is
highly unlikely that there were considerable differ-
ences in patient mix between centres.

The variability in prescribing may be partly due to
the fact that abciximab had only recently been
approved for a broad category of patients. In theories
of diffusion of innovations, it is well known that in an
early phase only a small group of enthusiasts uses
the product, the early adopters.28 In the transition
phase from prescribing by early adopters to prescrib-
ing by the majority, large differences in the level of
prescribing can appear. This was also seen in the early
phases of stent prescribing.29 Therefore, it would be
interesting to see what the pattern of prescribing of
abciximab and other GP IIb-IIIa blockers looks like
in a few years. It takes time before new knowledge
is generally diffused into medical practice.30 Our
study presents just a snapshot of a field with rapid
developments. In 1998 abciximab was the only avail-
able representative of a new category of drugs. By
now, two drugs with the same mechanism of action
have already entered the market: eptifibatide and
tirofiban.31–35

CONCLUSION

In conclusion, in 1998 patterns of abciximab prescrib-
ing varied significantly between PTCA centres. Since
there was no agreement on the appropriate indications
for selecting patients eligible for treatment, other
factors such as budget and investigatorship had a large
influence on the level of prescribing. The cost-
effectiveness issue of whom to treat and whom not,
needs to be made explicit and ultimately needs to be
agreed upon by cardiologists and budget keepers on a
national level. More innovative biotechnology
drugs are about to enter the market in the coming
years. This example has illustrated the uncertainties
and practice variation that can be associated with that.
Government and health care professionals should be

variability in abciximab prescribing 139

Copyright # 2002 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety, 2002; 11: 135–141



aware of that and try to prevent the resulting retreat
from evidence-based medicine into budget-based
medicine.
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