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Objectives: Cost-effectiveness of percutaneous coronary intervention (PCI) using drug-
eluting stents (DES), and coronary artery bypass surgery (CABG) was analyzed in
patients with multivessel coronary artery disease over a 5-year follow-up. Back-
ground: DES implantation reducing revascularization rate and associated costs might
be attractive for health economics as compared to CABG. Methods: Consecutive
patients with multivessel DES-PCI (n 5 114, 3.3 6 1.2 DES/patient) or CABG (n 5 85,
2.7 6 0.9 grafts/patient) were included prospectively. Primary endpoint was cost-benefit
of multivessel DES-PCI over CABG, and the incremental cost-effectiveness ratio (ICER)
was calculated. Secondary endpoint was the incidence of major adverse cardiac and
cerebrovascular events (MACCE), including acute myocardial infarction (AMI), all-cause
death, revascularization, and stroke. Results: Despite multiple uses for DES, in-
hospital costs were significantly less for PCI than CABG, with 4551 e/patient difference
between the groups. At 5-years, the overall costs remained higher for CABG patients
(mean difference 5400 e between groups). Cost-effectiveness planes including all
patients or subgroups of elderly patients, diabetic patients, or Syntax score >32 indi-
cated that CABG is a more effective, more costly treatment mode for multivessel dis-
ease. At the 5-year follow-up, a higher incidence of MACCE (37.7% vs. 25.8%; log rank
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P 5 0.048) and a trend towards more AMI/death/stroke (25.4% vs. 21.2%, log rank
P 5 0.359) was observed in PCI as compared to CABG. ICER indicated 45615 e or
126683 e to prevent one MACCE or AMI/death/stroke if CABG is performed. Conclu-
sions: Cost-effectiveness analysis of DES-PCI vs. CABG demonstrated that CABG is
the most effective, but most costly, treatment for preventing MACCE in patients with
multivessel disease. VC 2014 Wiley Periodicals, Inc.

Key words: coronary artery bypass surgery; percutaneous coronary intervention; drug-
eluting stent; cost-benefit; follow-up study

INTRODUCTION

Cost-effectiveness studies comparing percutaneous
coronary angioplasty (PTCA) with percutaneous coro-
nary intervention (PCI) to either bare-metal stents
(BMS) or drug-eluting stents (DES) have shown that
the use of DES in single lesions or patients with low-
moderate risk of restenosis cannot be justified because
the substantial additional costs do not offer significant
additional benefits compared to currently available
BMS unless the price of DES is substantially reduced
[1–5]. Another economic consideration for the use of
DES is the treatment of multivessel coronary artery
disease (CAD) as DES reduces the need for repeat re-
vascularization and associated combined safety and
efficacy clinical endpoints [6–8], therefore it may be
more cost-effective than coronary artery bypass surgery
(CABG) [9–11]. Health-economic investigations
[11,12] considering the resources and costs have shown
a short-term (in-hospital) economic advantage of the
use of DES as compared to CABG, as personal and
material resources for CABG cost more, even if multi-
ple use of DES augment multivessel DES-PCI costs. In
the first couple of years, the financial benefit of DES
vs. CABG decreases and CABG continues to accrue
substantial life-year and quality of life advantages
without any further additional cost.

Most of the studies comparing DES-PCI and CABG
have been short or of intermediate follow-up (up to 3
years) and provided no long-term cost-effectiveness
data. The length of follow-up is crucial when compar-
ing the cost-effectiveness of CABG and stents/DES
because bypass graft degeneration usually starts 4–5
years after surgery, leading to an increase in the num-
ber of repeat target vessel revascularization (TVR) pro-
cedures for the grafts [13]; while late stent thrombosis
and the long-term safety issues of DES are still a mat-
ter of debate. Bearing in mind that the DES market has
changed dynamically with new DES designs, coating
substances, and technologies, with successional finan-
cial sequel in health economics, cost-effectiveness
analyses comparing CABG with PCI require continu-
ous update. Furthermore, CABG and PCI are not inter-
changeable procedures, requiring individual decisions
on the type of action. Accordingly, up to now, besides

several nonrandomized comparative studies there are
still limited number of prospective randomized long-
term studies (SYNTAX and FREEDOM study) using
drug-eluting stent for PCI in multivessel disease.

Considering all of these hurdles, the aim of our study
was to elucidate the long-term national cost-
effectiveness of CABG vs. PCI with DES in patients
with multivessel CAD, comparing the costs and inci-
dence of adverse events during follow-up. The present
analysis reports the cost-utility and clinical results in the
first 5 years after the index intervention, with additional
sub-analyses of high-risk patient subsets, such as diabe-
tes mellitus, elderly patients, and high Syntax score.

MATERIALS AND METHODS

Study Design

The present study is a prospective nonrandomized
single-center Austrian registry including 199 consecu-
tive patients with multivessel disease requiring multives-
sel coronary intervention using either PCI with TAXUS
Express stent (paclitaxel-eluting DES, Boston Scientific,
Natick, MA) or CABG. The study protocol complies
with the Declaration of Helsinki and was approved by
the local Ethics Committee of the Medical University of
Vienna (ClinicalTrials.gov: NCT01199419).

Patient Population

Between May 2004 and March 2006, 199 consecu-
tive patients with symptomatic coronary multivessel
disease and predictable availability for long-term (up
to 10 years) follow-up were prospectively enrolled in
the study. The patients gave their written consent for
revascularization and inclusion in the study before and
after revascularization, respectively. The decision of
multivessel PCI with DES (n¼ 114 patients) or CABG
(n¼ 85 patients) was made by cardiologists on the ba-
sis of clinical and angiographic assessments and con-
sidering the individual patient’s decision and clinical
condition. In the case of complex coronary lesions, a
heart team comprising cardiac surgeons and clinical,
noninterventional, and interventional cardiologists
made a recommendation for the revascularization pro-
cedure; an individual decision was made based on the
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coronary anatomy with the feasibility to achieve com-
plete revascularization, the individual’s cardiac func-
tion, the urgency of the need for revascularization with
an assumption of the risk of the percutaneous or surgi-
cal procedure, compliance with antiplatelet therapy,
age, prior cardiac surgery, and comorbidities, such as
diabetes mellitus, pulmonary dysfunction, and renal
dysfunction.

The inclusion criteria were symptomatic two or
three-vessel CAD requiring percutaneous or surgical
multivessel repair with the aim of complete revascular-
ization; age >18 years; clinical presentation (stable or
unstable angina) or signs of myocardial ischemia and
�50% stenosis of each lesion; and availability for
long-term (10 years) follow-up (i.e., willingness to par-
ticipate and no life-time-limiting concomitant disease).

The exclusion criteria were ST-segment elevation
acute myocardial infarction (<48 h); concomitant heart
valve or other cardiac surgery; contraindications to clo-
pidogrel, aspirin, heparin, or taxol; pregnancy, lack of
protection against pregnancy, or breast-feeding during
the study; hemorrhagic diathesis; and platelet count
<100,000/ml3.

Study Endpoints

The primary outcome measure was the cost-
effectiveness of PCI with TAXUS stents as compared
to CABG in patients with multivessel CAD during the
in-hospital phase and at 5 years. The secondary out-
come measures included the composite major adverse
cardiac and cerebrovascular event (MACCE, including
all-cause death, nonfatal acute myocardial infarction/
AMI/, TVR, and stroke) during the in-hospital phase,
at 6 and 12 months, and at 2, 3, 4, and 5 years, and
the total costs during the in-hospital phase, at 6 and 12
months, and at 2, 3, 4, and 5 years.

If a patient suffered from several concomitant
adverse coronary events (e.g., AMI with subsequent
TVR and death), the most serious event was considered
the end point. In addition, the date of hospitalization
related to the index procedure, days in the intensive
care unit, number of blood transfusions, number of
implantations of pacemaker (PM), automatic implant-
able cardioverter defibrillator (AICD), and intraaortic
balloon pump (IABP) were recorded.

Coronary Procedure With Multivessel PCI or
CABG

Patients receiving PCI were pretreated with clopi-
dogrel (300–600 mg loading dose and 75 mg mainte-
nance dose) and aspirin (250 mg loading dose and 100
mg maintenance dose). Taxus stents were implanted in
each lesion. CABG was treated as an elective surgical

procedure, with extra-corporal circulation (Online Sup-
porting Information).

Data Collection

Demographic data included age, gender, and athero-
sclerotic risk factors, such as diabetes mellitus, hyper-
cholesterolaemia, hypertension, and smoking, unstable
angina (UA), non-ST-segment elevation myocardial in-
farction (NSTEMI) at clinical presentation and previ-
ous AMI (Online Supporting Information).

Calculation of Costs

The total expense of the procedure, cardiac rehabili-
tation, and further hospitalization during follow-up
were calculated using information about the coronary
care unit, ward, and personal and material cost from
the Cost Unit Department of the General Hospital
Vienna. The cost of PCI was obtained from the medi-
cal history by considering all interventions. The total
expenses covered the materials used throughout the
interventions (e.g., catheters, guide wires, dilatation
balloons, and stents), drugs, contrast medium, the costs
for medical staff, such as physicians, nurses, and tech-
nicians, and the costs for clinical follow-up, repeat re-
vascularization, and dual antiplatelet therapy (DAPT)
following the index procedure and TVR.

The cost of CABG covered the materials used
throughout the procedures, drugs, the costs for medical
staff, such as surgeons, nurses, and technicians, and the
costs incurred for peri- and postinterventional compli-
cations (e.g., bleeding complications, blood transfu-
sions, antibiotics, use of IABP) and hospitalization. In
the case of reinterventions, the financial burden was
calculated according to the model above.

Unit costs were based on estimates provided by the
General Hospital of Vienna. Outpatient services or
noncardiac related hospitalization were not included in
this study, as they were considered to be similar in
patients with multivessel CAD, irrespective of the
treatment strategy. The costs present the direct medical
costs.

Definitions

Definitions are presented in the On-line Supporting
Information.

Statistical Analysis

Results for continuous variables are expressed as
mean 6 SD; in the case of skewed distributions,
median [quartiles] values are given. Categorical varia-
bles are expressed as percentages. Continuous outcome
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variables are compared between treatment groups using
the nonparametric Wilcoxon rank sum test.

Two different survival endpoints were evaluated for
the statistical analysis; MACCE-free survival consid-
ered the first MACCE event of any kind as the end-
point, whereas AMI and/or stroke and/or death-free
survival considered only AMI/stroke/death as the clini-
cal hard endpoint. The Kaplan–Meier method was used
to estimate MACCE-free and AMI/stroke/death-free
survival. The log-rank test was used for comparisons
of event-free survival between the treatment groups
(DES-PCI vs. CABG).

A propensity score analysis was performed to test
the role of patient selection in determining the outcome
(Online Supporting Information).

The cost-effectiveness analysis was based on data
for patients with a follow-up of at least 5 years. Com-
plete costs within the first 5 years (63 months) were
calculated for each year and compared between treat-
ment groups using the Wilcoxon rank sum test. Effec-
tiveness was evaluated as the probability of surviving
without any event for 5 years (63 months) considering
MACCE-free survival and AMI/stroke/death-free sur-
vival separately. Differences in effectiveness were
tested for significance using the chi-square test. The
incremental cost-effectiveness ratio (ICER) was calcu-
lated as the difference in cost between the two
treatment groups related to the difference in effective-
ness, and provided with the Fieller 95% confidence
interval [14].

The number of patients needed to treat (NNT) with
CABG rather than PCI to prevent one MACCE or
AMI/stroke/death event was calculated. The results of
the cost-effectiveness analyses are illustrated in cost-
effectiveness planes. To illustrate the joint distribution
of the differences in costs and effectiveness between
the two treatment groups, 25,000 bootstrap replications
of the observed data were produced and the results pre-
sented graphically. Arbitrarily, a willingness to pay
40,000 and 80,000 e was considered to be cost effec-
tive to prevent one MACCE and AMI/death/stroke.

As no sample size calculation for cost-effectiveness
exists, power calculation could not be performed.

Significant differences between the groups were con-
sidered if P< 0.05. The SAS 9.2 software (SAS Insti-
tute, 2002–2008, Cary, NC) and R package ICEinger
were used for statistical analyses.

RESULTS

Baseline Clinical Characteristics

The mean age, male gender, cardiac history, and
prevalence of risk factors were similar in the two
groups (Table I). Syntax score was higher in patients

undergoing CABG. Propensity score analysis revealed
a skewed distribution of the individual scores in both
groups, with an expected significant difference between
the groups (P¼ 0.034) unless Syntax score was
excluded (P¼ 0.643; Supporting Information Fig. 1).
Supporting Information Table I lists the baseline pa-
rameters of patients with and without diabetes mellitus.

Procedure Data and In-Hospital Follow-Up

The number of diseased and treated vessels was simi-
lar in both groups (Table I). The duration of hospitaliza-
tion and treatment in the intensive care unit was longer
and the number of blood transfusion units higher in the
CABG group as compared to the PCI group. No differ-
ence was found between the groups regarding the neces-
sity of implantation of PM, AICD, or IABP.

TABLE I. Demographic Characteristics of Patients with Multi-
vessel Disease and Treated with Either Coronary Artery
Bypass Graft Surgery (CABG) or Percutaneous Coronary Inter-
vention (PCI)

CABG (n¼ 85) PCI (n¼ 114)

Age (years) 66 6 10 65 6 12

Age �65 years 41 (48.2%) 50 (43.9%)

Male gender 70 (82.4%) 90 (78.9%)

Risk factors

Diabetes mellitus 39 (45.9%) 42 (36.8%)

Hypertension 62 (72.9%) 88 (77.2%)

Hyperlipidaemia 61 (71.8%) 87 (76.3%)

Smoking 26 (30.6%) 33 (28.9%)

Cardiac history

Previous myocardial

infarction

23 (27.1%) 28 (24.6%)

UA/NSTEMI at clinical

presentation

17 (20.0%) 23 (20.2%)

Number of diseased

vessels

2.72 6 0.50 2.54 6 0.50

Left ventricular ejection

fraction

56.7 6 7.7% 57.2 6 9.5%

Number of implanted

grafts/DES

2.67 6 0.85 3.29 6 1.20

Syntax score 29.3 6 9.9 24.2 6 8.5a

Syntax score >32 25 (29.4%) 17 (14.7%)a

Procedure data

Duration of hospitalization

(days)

13 [10,17; 7–74] 6 [3,9; 2–38]a

Duration of intensive care

unit (days)

2 [1,4; 1–27] 0 [0,0; 0–23]a

Number of blood transfusions

(units)

0 [0,0; 0–8] 0 [0,0; 0–2]a

Number of PM-Impl. 1 (1.2%) 0 (0%)

Number of AICD-Impl. 0 (0%) 1 (0.88%)

Number of IABP-Impl. 1 (1.2%) 1 (0.88%)

UA/NSTEMI: unstable angina/non-ST-segment elevation myocardial in-

farction; PM: pacemaker; AICD: automatic implantable cardioverter

defibrillator; IABP: intraaortic balloon pump. Data are mean 6 SD or

median [quartiles; ranges].
aP< 0.05 between the groups.
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Follow-Up Events

Procedure-related complication occurred in 2.4% and
3.7% of patients in the CABG and DES-PCI groups,
respectively (Fig. 1). During the first 6 months of
follow-up, 3 graft closures occurred in the CABG
group, while 8 patients underwent TVR in the DES-
PCI group (Fig. 1).

Later follow-up resulted in more favorable out-
comes for CABG patients, with rare occurrence of
events up to 5 years, whereas repeat TVR occurred
more frequently (without very late stent thrombosis)
in the PCI group, resulting in a significantly worse
5-year MACCE-free survival as compared to CABG
(Fig. 1). During the 5-year follow-up, no differences
were recorded in the prevalence of all-cause death
(12.9% vs. 15.8%), AMI (4.7% vs. 7.9%), and stroke
(2.4% vs. 1.8%), resulting in a 5-year incidence of
combined death, AMI, and stroke of 21.2% vs.
25.4% (P> 0.05) in the CABG and PCI groups,
respectively.

Cost-Effectiveness

The in-hospital cost was significantly lower in PCI
patients compared to CABG patients (Table II), and
remained lower after one year, mainly due to the post-
operative rehabilitation costs for CABG patients.
Although TVR was performed more often in the PCI
group, the total cost at 5 years remained significantly
lower in the PCI group.

At 5 years, no meaningful change in cost difference
(5400 e/patient) was observed between the groups.
Because of the higher rate of MACCE-free survival for
CABG as compared to PCI, performing 8.4 CABG
instead of PCI would result in one additional case of
MACCE-free survival (Table III). The ICER indicated
an additional amount of 45 615 e for each additional
MACCE-free patient treated with CABG instead of
PCI.

Considering AMI and/or death and/or stroke as clini-
cal hard endpoint events, the difference in event-free
survival was smaller (78.8% for CABG vs. 74.5% for

Fig. 1. Incidence of adverse events in the coronary artery bypass graft surgery (CABG) and
drug-eluting stent-percutaneous coronary intervention (DES-PCI) groups. (A) Detailed events
in the groups. (B) Cumulative 5-year events in the groups. (C) Major adverse cardiac and
cerebrovascular event (MACCE)-free survival rate (left) and acute myocardial infarction (AMI)
and/or all cause death and/or stroke-free survival rate (right). [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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PCI; P> 0.05). Accordingly, performing 23.5 CABG
instead of PCI would generate one additional event-
free patient. The ICER indicated that, for each addi-
tional AMI/death/stroke-free patient treated by CABG,
the cost would increase by 126 683 e.

Results of the bootstrap replications (Fig. 2) clearly
show that CABG is the “more effective, more costly”
treatment mode for patients with multivessel disease.
For the endpoint AMI/death/stroke-free survival, the
distribution of estimated ICERs shifted partially to the
“less effective” quadrant, reflecting the unclear benefit
of CABG as compared to PCI with respect to AMI/
death/stroke-free survival.

With a willingness to pay 80,000 e, CABG is cost-
effective with respect to MACCE-free survival, but not
AMI/death/stroke. On the other hand, considering the
willingness to pay 40,000 e, CABG is not cost-
effective with respect to both endpoints (Fig. 3).

Sub-Analysis of High-Risk Groups

Sub-analyses revealed a nonsignificant benefit of
CABG over PCI in diabetic (45.9% and 36.8% patients
in CABG and PCI groups, respectively) or older (�65
years of age) patients (48.2% and 36.8% patients in
CABG and PCI groups, respectively) in regards to
MACCE, but a significantly better outcome for patients
with a Syntax score >32 (29.4% and 14.7% patients in
CABG and PCI groups, respectively) (Table I) (Fig. 4).
Additional details are given in the On-line Supporting
Information and Supporting Information Fig. 2.

DISCUSSION

Our cost-effectiveness analysis demonstrated that
CABG is a more effective, but significantly more
costly treatment for patients with multivessel CAD
within the first 5 years. Multiple DES implantations
led to an increase in the in-hospital costs balanced by
a relatively low TVR rate. The incremental

cost-effectiveness analysis revealed that 8.4 patients
should undergo CABG instead of PCI in order to res-
cue one patient from MACCE, and this would require
an additional 5400 e/patient. However, regarding irre-
versible clinical endpoints (i.e., death, stroke, or AMI),
the 5-year clinical follow-up revealed similar outcomes
for multivessel PCI and CABG. Angiographic complex
lesions (Syntax score >32) justified CABG over multi-
vessel DES-PCI, leading to significantly better clinical
outcomes for an additional 4838 e/patient.

Comparison With Literature Data

Up to now only few cost-effectiveness analyses have
been conducted for patients undergoing CABG vs. stent-
ing [11,15,16]. The ARTS-I and SOS comparing PCI
with BMS to CABG clearly favored CABG in terms of
clinical and economic endpoints [2–4]. In contrast, the
ARTS-II and SYNTAX trials (DES-PCI vs. CABG)
showed a step-wise narrowing of the cost-difference
between the two treatments at 3 and 1-year [2,16,17]. In
the ARTS II study, the cost difference between the
CABG and DES-PCI modes was 3042, 2930, and 2725 e

for the primary intervention, at 1 and 3 years, respec-
tively. The 1-year Syntax cost-effectiveness calculation
revealed an in-hospital cost difference of 5693 USD
between DES-PCI and CABG, and the difference nar-
rowed to 3590 USD/patient at 1 year [16,17]. The
randomized multicenetr FREEDOM trial reported the
5-year clinical and cost-effectiveness data for diabetic
patients, showing an in-hospital cost difference of 8600
USD/patient between CABG and DES-PCI patients,
which decreased to 3600 USD at 5 years [11]. Similar to

TABLE II. Mean Differences in Cost and Follow-up (FUP) of
Patients with Multivessel Disease Treated with Either Coro-
nary Artery Bypass Graft Surgery (CABG) or Percutaneous
Coronary Intervention (PCI) with Drug-Eluting Stents (DES)

Mean difference between

CABG and DES-PCI

In-hospital costs 4551 e
a

Cumulative costs up to 6 months 5510 e
a

Cumulative costs up to 1 year 5077 e
a

Cumulative costs up to 2-year FUP 4882 e
a

Cumulative costs up to 3-year FUP 5188 e
a

Cumulative costs up to 4-year FUP 5068 e
a

Cumulative costs up to 5-year FUP 5400 e
a

aP< 0.05 (Wilcoxon-test).

TABLE III. Incremental Cost-Efficacy Ratio (ICER) and Num-
ber Need to Treat (NNT) at 5-year Follow-up for Coronary
Bypass Graft Surgery (CABG) or Percutaneous Coronary Inter-
vention (PCI) with a Solely Drug-Eluting Stent to Save 1
MACCE-Free or 1 AMI/Death/Stroke-Free Life

Cost differences

between PCI and

CABG (e) ICER (e) NNT

All patients 5400

MACCE-free 45,615 8.4

AMI/death/stroke-free 126,683 23.5

Diabetes mellitus 5472

MACCE 114,903 21

AMI/death/stroke 186,718 34.1

Age> 65 years 3258

MACCE 22,111 6.8

AMI/death/stroke 42,805 13.1

Syntax score >32 4838

MACCE 19,397 4

AMI/death/stroke 89,397 18.5

Syntax score �32 5439

MACCE 54,119 9.9

AMI/death/stroke 114,709 21.1
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the published SYNTAX and FREEDOM trials, our study
revealed a mean initial difference of 5400 e between the
two treatment arms, but the difference did not decrease
considerably during the 5-year follow-up, indicating a
marginal economic impact of repeat TVR of DES im-
plantation in the PCI group.

We added the non-negligible rehabilitation costs to
the cost of CABG, and we calculated the overall cost
of PCI, including the cost of 1-year DAPT and addi-
tional DAPT following each repeat TVR. Similar to
our study, the ARTS-II and FREEDOM trials calcu-
lated the 1-year cost of DAPT to the global costs

Fig. 2. Effectiveness, cost differences, and incremental cost-
effectiveness ratio (ICER) of CABG and DES-PCI. (A) Differen-
ces regarding major adverse cardiac and cerebrovascular
events (MACCE). The x-axis describes the difference in effec-
tiveness (De), with quadrants to the right of the y-axis repre-
senting the region where CABG is associated with a gain in
effectiveness compared to PCI. The y-axis describes the cost
difference (Dc), with quadrants above the x-axis representing
the region where CABG is associated with an increase in costs
compared to PCI. The slope of the line connecting the point (,)
with the origin (0, 0) equals the estimated ICER. The slopes of
the dashed lines represent the 95% confidence limits for the
estimated ICERs. The dashed line represents the ICER and its
95% confidence interval of MACCE exhibits a trend towards
cost-effectiveness favoring CABG (right upper quadrant). (B)
Differences regarding AMI/death/stroke. The x- and y-axes and
slope are similar to (A). The dashed line representing the ICER

and its 95% confidence interval of AMI/Death exhibits cost-
effectiveness favoring CABG, but the 95% confidence interval
slips into the range favoring multivessel PCI (left upper quad-
rant). (C) Results of the bootstrap replications illustrate the dis-
tribution of the estimated ICERs in cost-effectiveness planes,
where each point in the plane represents the estimated ICER of
one bootstrap sample. The distributions of the estimated ICERs
for the efficacy endpoint MACCE-free survival are predomi-
nantly in the “more effective, more expensive” quadrant of the
figure (right upper quadrant). (D) The distribution of the esti-
mated ICERs for the efficacy endpoint AMI/death/stroke-free
survival shift to the “less effective” (left upper) quadrant,
reflecting the unclear benefit of CABG as compared to PCI
with respect to AMI/death/stroke-free survival. Percentages
are the frequencies of samples in each quadrant. [Color
figure can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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[11,18] and stated that DAPT due to multivessel DES
implantation considerably influenced PCI costs.

Adverse Events Requiring Cost

The main reason for an increased cost of CABG is not
the surgical procedure itself, but longer hospitalization
and blood transfusions, in contrast with the increased
cost of PCI because of use of multiple DES. In addition,
the cost of treating relatively rare adverse events in
patients with CABG is similar to that of patients with
PCI; therefore, the cost differences did not narrow dur-
ing the 5-year follow-up in our study.

The clinical events (death, stroke, and AMI) were simi-
lar in both groups at any time point. Stroke occurrence
was not dominant in patients undergoing CABG, prob-
ably due to DAPT increasing stroke rate in the PCI group.

The reduced costs from fewer TVR (which is further
reduced by using the currently cheaper DES) seem to bal-
ance the higher initial costs of DES, reducing the long-term
clinical and economic advantages of CABG. Moreover,
TVR belongs to the so-called “soft” adverse events, as no
evidence has shown that it influences mortality [19,20].

Subgroup Analysis

Diabetic patients undergoing PCI experienced mar-
ginally worse long-term outcomes as compared to

CABG patients, but they were not charged more. Older
patients did not have a significantly worse outcome as
compared to younger patients, with approximately sim-
ilar costs as the entire study population. Patients with a
high Syntax score (>32) do benefit from CABG, with
no conspicuous increase in cost.

Clinical Paradox in Cost Calculations

A patient who dies early or at home during the
follow-up does not incur additional costs in the health
system and might obscure the economic analysis. In
contrast, any hospital admission due to STEMI, acute
heart failure, or stroke, or any attempt to save a life,
shifts the cost-effectiveness in the negative, even if the
life was saved.

Limitations

The major limitations of our study are the lack of
randomization and the limited number of patients,
which raises statistical consideration. However, at the
time the study began, multivessel stenting with DES
was regarded as an “off-label” indication, with
unknown incidence of late stent thrombosis and lack of
guidelines. Therefore, no power calculation was made
based on secondary endpoints. Currently, no sample
size calculation exists for cost-effectiveness, which

Fig. 3. Cost effectiveness plane and willingness to pay more money for major adverse car-
diac and cerebrovascular events (MACCE)-free and acute myocardial infarction (AMI)/death/
stroke-free survival. The x- and y-axes are the same as Fig. 2. Two reference lines in the plot
represent two different levels of willingness to pay to prevent one event. The amounts of
40,000 and 80,000 e were chosen arbitrarily. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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would be required for the primary endpoint of cost cal-
culation. The number of included patients was deter-
mined a priori considering the availability of patient
follow-up data in the following 5 years, which was a
strong limiting factor for inclusion of patients suffering
also from other concomitant disorders. Accordingly,
inclusion of patients fulfilling all inclusion- and having
no exclusion criteria was impeded. However, all living
patients could be controlled clinically during the study
period, reaching a follow-up rate of 100%, which
strengthens our study regarding the assessment of the
clinical outcomes. Furthermore, based on the anatomic
complexity of the coronary lesions, only 2–12% of
patients with multivessel CAD can be randomized [20]
to CABG or PCI. A single-center experience reported

a final inclusion rate of 9.7% for “all-comers” in the
SYNTAX trial [21], emphasizing the bias; the majority
of patients must be excluded from CABG-PCI random-
ization for ethical reasons. Our medical team’s decision
of CABG or PCI was based on the relevant guidelines
(updated ACCF/AHA, ESC guidelines) (On-line Refs.
2,3) at the time when the Syntax scoring system was
not available. For this understandable reason, the pro-
pensity score analysis revealed significant differences
between the groups (similar to the recently published
comparative registry) [22] if Syntax score was retro-
spectively included in the analysis. Apart from the dif-
ference in Syntax score, which is restricted to coronary
morphology [23], the propensity score analysis resulted
in clinical comparability of the PCI and CABG groups.

Fig. 4. Kaplan–Meier major adverse cardiac and cerebrovascular events (MACCE)-free sur-
vival plot of subgroups of patients with multivessel coronary artery disease. (A) Aged�65
years, (B) With diabetes mellitus, (C) With Syntax score >32. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]
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In addition to listing all major events, we also calcu-
lated the composite MACCE as a secondary endpoint
in order to allow better comparisons with other pub-
lished trials, such as SYNTAX or ARTS, even if this
composite end point includes both the safety and effi-
cacy variables, resulting in substantial heterogeneity in
definitions [24]. However, the SYNTAX score has
been validated for the occurrence of MACCE [10,25].

We did not perform quality of life analysis or a sub-
group analysis of left-main patients, and our data is
based on the Austrian healthcare system. Therefore,
our cost-effectiveness analysis is only partially compa-
rable to that of SYNTAX or other trials.

Patients were included in the present study between
2004 and 2006, with procedures using somewhat obso-
lete techniques in the current praxis. Second and third
generation DES replaced the first generation DES.
However, millions of patients worldwide currently live
with implanted intracoronary Taxus stents, and a long-
term clinical outcome analysis provides important in-
formation for these patients.

We do not report the absolute value of the costs con-
sidering the confidentiality of the hospital financial man-
agement. However, the differences in the costs of
DES-PCI and CABG in this 5-year trial are comparable
to the costs reported in the SYNTAX (1-year), ARTS II
(3-year), and FREEDOM (5-year, diabetics) studies.

CONCLUSION

Our study demonstrates that multivessel stenting
solely with DES is considerably less resource-intensive
than CABG during 5 years post index procedure, but it
is still associated with a significantly higher rate of
adverse events as compared to CABG. Use of DES for
multiple stenting does not narrow the cost difference
between CABG and PCI because of the balance of rare
CABG events with the cost of repeat revascularization
with DES.
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