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Abstract 

Background:  The costs for treating coronary artery disease (CAD) are high worldwide. We performed a prespecified 
analyses of cost-effectiveness of three therapeutic strategies for multivessel CAD.

Methods:  From May 1995 to May 2000, a total of 611 patients were randomly assigned to coronary artery bypass 
graft (CABG), n = 203; percutaneous coronary intervention (PCI), n = 205; or medical treatment (MT), n = 203. This cost 
analysis study was based on the perspective of the Public Health Care System. Initial procedural and follow-up costs 
for medications, cardiology examinations, and hospitalizations for complications were calculated after randomization. 
Life-years and quality-adjusted life years (QALYs) were used as effectiveness measures. Incremental cost-effectiveness 
ratios (ICER) were obtained by using nonparametric bootstrapping methods with 5000 resamples.

Results:  Initial procedural costs were lower for MT. However, the subsequent 5-year cumulative costs were lower 
for CABG. Compared with baseline, the three treatment options produced significant improvements in QALYs. After 
5 years, PCI and CABG had better QALYs results compared with MT. The ICER results favored CABG and PCI, and 
favored PCI over CABG in 61% of the drawings. On the other hand, sensitivity analysis showed MT as the preferred 
therapy compared with CABG and PCI, in the analysis considering higher costs.

Conclusions:  At 5-year follow-up, the three treatment options yielded improvements in quality of life, with compa‑
rable and acceptable costs. However, despite higher initial costs, the comparison of cost-effectiveness after 5 years 
of follow-up among the three treatments showed both interventions (CABG and PCI) to be cost-effective strategies 
compared with MT.
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Background
Although the therapeutic strategies for patients with 
stable coronary artery disease and preserved ventricu-
lar function have achieved similar outcomes in short- 
and long-term follow-up, clinical events attributed to 
these different therapeutic forms are not considered 
comparatively under the parameters of costs and effec-
tiveness [1, 2]. In this scenario, expectations for addi-
tional surgical interventions in patients assigned to 
clinical or percutaneous treatments have a significant 
potential for cost increases compared with patients 
who undergo surgical revascularization as the ini-
tial treatment. In addition, the initial cost of medical 
treatment is usually lower than costs for percutane-
ous coronary intervention (PCI) and coronary artery 
bypass graft (CABG), but it is less effective for symp-
tom relief [3]. In addition, in the medium- and long-
term, patients may require interventions that increase 
their costs. Therefore, further need for percutane-
ous interventions in patients who initially underwent 
angioplasty may impact changes in cost effectiveness 
in the long-term follow-up. Considerations regarding 
the occurrence of major adverse cardiovascular events 
(MACE) associated with the costs and effectiveness of 
these strategies may contribute to better decision-mak-
ing [4]. Thus, this study aimed to analyze and compare 
the cost-effectiveness of the three therapeutic strate-
gies for multivessel coronary artery disease, medical 
therapy, bypass surgery, or percutaneous angioplasty 
in long-term follow-up, in a randomized trial. Further-
more, the cost-effectiveness ratios were also calculated 
by nonparametric bootstrapping methods with 5000 
resamples.

Methods
Study design, patient population, and treatment
Details of the Medicine, Angioplasty, or Surgery Study 
(MASS II) design, study protocol, patient selection, 
and inclusion criteria have been reported previously 
[1]. In short, patients with a proximal multivessel coro-
nary stenosis greater than 70% (angiographically docu-
mented by visual assessment), as well as documented 
ischemia, were considered for inclusion. Patients were 
enrolled and randomized if the surgeons, attending 
physicians, and interventional cardiologists agreed 
that revascularization could be attained by either strat-
egy. Clinical criteria for exclusion included refractory 
angina or acute myocardial infarction (AMI) requiring 
emergency revascularization and ventricular aneurysm 
requiring surgical repair. Patients were also excluded if 
they had valvular heart disease or cardiomyopathy and 

if they were unable to understand or cooperate with the 
protocol requirements or return for follow-up.

Patients gave written, informed consent and were 
randomly assigned to a treatment group. The Ethics 
Committee of the Hospital das Clínicas da Faculdade 
de Medicina da University of São Paulo approved the 
trial under no. 264/94/11, and all procedures were per-
formed in accordance with the Helsinki Declaration.

Resource utilization and estimation of medical care cost
Cost analysis was performed from the third party 
payer perspective, i.e., the Brazilian Public Health Sys-
tem, based on reimbursement made by the Ministry of 
Health through Sistema Único de Saúde (SUS) to the 
hospital. American Dollar was considered as currency 
and converted in 2017. The authors only included direct 
medical costs relevant to the estimated healthcare ser-
vice using a “top-down” micro-costing approach [5].

The data analyzed included outpatient visits, hospi-
talization for initial and subsequent revascularization 
procedures (PCI and CABG), hospitalization that did 
not involve a revascularization procedure (unstable 
angina, stroke, or myocardial infarction) as a primary 
diagnosis of hospitalization, outpatient laboratory tests 
(glucose, triglycerides, total and fractions of cholesterol 
in blood levels), outpatient cardiovascular tests [elec-
trocardiogram (ECG), treadmill exercise test (TET), 
echocardiogram, single photon emission computed 
tomography (SPE), coronary arteriography (CA)], and 
outpatient cardiovascular medications (beta-block-
ers, calcium channel blockers, angiotensin-converting 
enzyme inhibitors, nitrates, statins, aspirin, oral glu-
cose-lowering agents, and insulin).

Effectiveness estimation
Life-years gained (LY) and quality-adjusted life-years 
gained (QALYs) were used as effectiveness meas-
ures for the interventions. Life-years were based on 
overall survival during the 5-year study period. The 
detailed description of the design and methods for 
utility weights and QALY beyond the observed 5-year 
timeframe is provided in Additional file  1: Tables  S1–
S3 and “Methods”. Briefly, the Quality of Life-Medical 
Outcomes Study 36-Item Short-Form Health Survey 
(SF-36) Version 1 (SF-36v1), a generic questionnaire, 
was used to assess quality of life [6]. The interviews 
were administered at baseline and at 6, 12, 24, 36, 48, 
and 60 months of follow-up. To obtain the health state 
utilities and to measure the QALY, the SF-6D algorithm 
was applied to the SF-36v1 data collected for this sam-
ple [7].
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Cost‑effectiveness analyses and threshold
Cost-effectiveness is expressed as incremental cost-
effectiveness ratios (ICERs), where incremental costs per 
LY and QALYs were calculated. The primary analysis is 
based on QALYs as a preference-based metric for the 
acceptance of a given health intervention that incorpo-
rates the concepts of quality and quantity of life.

No official ICER threshold is applied in Brazil, and 
the World Health Organization (WHO) recently elimi-
nated the recommendation of using the threshold of 
three times the per capita gross domestic product (GDP) 
for averting one QALY [8]. As a result, we arbitrarily 
defined an intervention “very cost-effective” if it was less 
than half the gross domestic product (GDP) per capita, 
“cost-effective” if it was from half to three times the GDP 
per capita, and “not cost-effective” if it was higher than 
three times the GDP per capita. The sensitivity analysis 
data are presented as three times the GDP per capita and 
$100,000. According to the Instituto Brasileiro de Geo-
grafia e Estatística (Brazilian Institute of Geography and 
Statistics—IBGE), the 2016 per capita GDP value was R$ 
30,407 (US$ 8783) [9].

Subgroup analyses were performed according to age, 
sex, diabetes mellitus, Canadian Cardiovascular Society 
(CCS), angina class, and number of stenosed coronary 
arteries.

Sensitivity analysis
We conducted a probability sensitivity analysis (PSA) 
on the following parameters: cumulative cost, LY, and 
QALYs for each treatment group. Results of the PSA are 
presented as cost-effectiveness plane and cost-effective-
ness acceptability curves (CEAC).

Costs were increased 26 times for PCI, 15 times for 
MT, and 26 times for CABG, according to previous stud-
ies [10, 11] to make an approach possible for world prac-
tice and national market prices, which are referred to as 
“higher cost” in the text.

In another scenario analysis, called “additional cost,” we 
considered values that are not included in the imburse-
ment package. In this case, costs of procedures that 
required more than 2 stents and/or balloons and cardio-
vascular complications (AMI, unstable angina, stroke) 
that occurred during hospitalization for revasculariza-
tion procedures were considered as well.

Statistical analyses
All data were analyzed according to the intention-to-
treat principle. Categorical variables are reported as 
frequencies and percentages and continuous variables 
as mean ± standard deviation (SD). χ2 test was used to 
compare qualitative variables among the three groups, 

and 1-way ANOVA was used for continuous variables. 
The Kruskal–Wallis tests obtained via bootstrapping with 
95% CIs based on 5000 replications were used to assess 
differences between variables [12]. Significant results for 
utility and QALY demonstrated by the Kruskal–Wallis 
test were further analyzed for significance with Dunn’s 
test. Missing medication data were estimated using the 
median values for each treatment group, according to 
each time interval. Missing values for utilities were esti-
mated using multiple imputations adjusted for age, sex, 
previous myocardial infarction, and diabetes mellitus. 
Surviving individuals with no information on quality of 
life were not included (n = 32; PCI = 11, CABG = 15, 
MT = 6) in cost-effectiveness analysis. Patients who died 
were censored at the date of death.

Survival data were estimated with the Kaplan–Meier 
method, and differences among groups were assessed 
by using the log-rank test. LY at annual time points 
were estimated as the difference in the area between 
the Kaplan–Meier survival curves for the two treatment 
groups [13]. LY and QALYs estimates are reported as 
means for each group, and differences between groups 
as 95% confidence intervals (CIs), calculated using boot-
strapping (5000 replicates) [12]. Moreover, imbalances in 
baseline utility values for estimation of mean QALYs in 
each group were controlled by regression analysis [14]. 
The covariates included in the model were those that 
were statistically different among the three treatment 
groups. Covariates included in the model were: diabetes 
mellitus, previous MI, smoking status, and angina.

A joint comparison of costs and effects as well as the 
value of ICER was performed using nonparametric 
bootstrapping methods with 5000 resamples [12]. The 
results are presented as an incremental cost-effectiveness 
plane [15] and as cost-effectiveness acceptability curves 
(CEAC) [15, 16].

Differences were considered statistically significant 
when the 95% CIs did not overlap 1.0 or when P < 0.05 
(2-sided test). All statistical analyses were performed 
with SPSS 21.0 software or R program version 1.0.136. 
This study’s reporting followed the 2013 Consolidated 
Health Economic Evaluation Reporting Standards 
(CHEERS) guidelines and Good Research Practices for 
Cost Effectiveness Analysis Alongside Clinical Trials [17, 
18].

Compliance with ethical standards
Financial support for the present study was provided in 
part by a research grant from the Zerbini Foundation. 
The Zerbini Foundation also provided for medical writ-
ing services. None of the authors has any conflicts of 
interest to disclose.
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Results
Patient population
From May 1995 to May 2000, a total of 611 patients with 
multivessel CAD were randomized to PCI (205), CABG 
(203), or MT (203). No patient was lost to follow-up. 
Table  1 summarizes the baseline characteristics of the 
study patients.

Of the 203 patients assigned to CABG, 198 (98%) 
received the assigned treatment. However, 5 (2%) 
received MT because they refused the surgical treat-
ment. Of the 205 patients assigned to the PCI group, 194 
(95%) received the assigned treatment, 6 (3%) under-
went CABG as their initial treatment, and 2 (0.98%) died 
before treatment (Fig.  1). Complete revascularization 
(defined by successful intervention in all major vessels 
with ≥ 70% stenosis) was achieved in 41% of patients. 
In addition, 3 patients (1.5%) received MT because they 
refused the PCI procedure. Among 203 patients assigned 
to receive MT, 203 (100%) received the assigned treat-
ment. No differences existed among the cumulative over-
all mortality curves associated with the three therapeutic 
strategies at the 5-year follow-up (P = 0.632) [1].

Initial events, resource usage and cost
The resources analyzed in this study and the costs per 
unit are described in Additional file 1: Table S1. During 

Table 1  Baseline characteristics

MT medical treatment, PCI percutaneous coronary intervention, CABG coronary 
artery bypass graft, IM myocardial infarction, CCS Canadian Cardiovascular 
Society angina classes, LVEF left ventricular ejection function
a  Chi square test of homogeneity
b  ANOVA; SD standard deviation

PCI
(n = 205)

MT
(n = 203)

CABG
(203)

Pa

Socio demographic characteristics

 Age, year ± SD 60 ± 9 60 ± 9 60 ± 9 0.959b

 Female, % 33 31 28 0.412a

Clinical characteristics, %

 Hypertension 61 55 63 0.215a

 Diabetes mellitus 23 36 29 0.062a

 Previous MI 52 39 41 0.024a

 Current or past smoker 27 33 32 0.013a

 CCS angina classes < 0.001a

  I and II 72.2 59.1 50.2

  III and IV 20.5 22.6 37.4

  Not applicable or no 
angina

7.3 18.2 12.3

Angiographic characteristics, %

 LVEF ± SD 67 ± 8 68 ± 7 67 ± 9 0.984a

 3-vessels disease 58 59 58 0.980a

Fig. 1  CONSORT (Consolidated Standards of Reporting Trials) diagram. Black boxes represent the intention-to-treat population that was the 
primary analytic population for the economic study. PCI percutaneous coronary intervention, CABG coronary artery bypass grafting, MT medical 
treatment
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the first 6  months after randomization, clinical events 
were mostly similar across groups, but AMI was more 
frequent in the PCI group (15%). Also, the PCI group 
had a higher incidence of additional PCIs (8.8%). Total 
index hospitalization costs differed among all groups 
(P < 0.001) and were higher for CABG. Medication 

costs differed markedly between MT and the other 
groups (P < 0.001). On the other hand, the CABG group 
had significantly fewer expenses for outpatient care 
services than the other groups had (P < 0.001). Clinical 
events, procedural resource use, and cost for the initial 
hospitalization are summarized in Table 2.

Table 2  Index events, procedural resource use, and cost

Values in brackets represent medians

MT medical treatment, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, AMI acute myocardial infarction, $ American dollar
a  Chi square test of homogeneity
b  Kruskal–Wallis; SD standard deviation

PCI
(n = 205)

MT
(n = 203)

CABG
(203)

P

Procedural resource use, % (n)

 No of PCI procedures < 0.001a

  0 6.8 (14) 97.5 (198) 99.5 (202)

  1 96.6 (173) 2.8 (5) 0.6 (1)

  2 8.3 (17) 0.0 (0) 0.0 (0)

  3 0.5 (1) 0.0 (0) 0.0 (0)

 Bare metal stent < 0.001a

  0 22.9 (47) 97.5 (198) 100 (203)

  1 35.1 (72) 2.0 (4) 0 (0)

  2 32.2 (66) 0.5 (1) 0 (0)

  3 8.3 (17) 0 (0) 0 (0)

  ≥ 4 1.5 (3) 0 (0) 0 (0)

 Balloon angioplasty < 0.001a

  0 6.8 (14) 97.5 (198) 99.5 (202)

  1 26.8 (55) 1.5 (3) 0.5 (1)

  2 37.1 (76) 1.0 (2) 0 (0)

  3 21.0 (43) 0 (0) 0 (0)

  ≥ 4 8.3 (17) 0 (0) 0 (0)

 CABG procedure < 0.001a

  0 92.2 (189) 94.1 (191) 8.9 (18)

  1 7.8 (16) 5.9 (12) 91.1 (185)

 Diagnostic catheterization < 0.001a

  1 80.5 (165) 96.6 (196) 95.6 (194)

  2 18.5 (38) 3.4 (7) 4.4 (9)

  3 1.0 (2) 0.0 (0) 0 (0)

Clinical outcomes, % (n)

 Death 4.9 (10) 1.0 (2) 3.9 (8) 0.07a

 AMI 14.9 (30) 5.9 (12) 7.4 (15) 0.005a

 Stroke 2.0 (4) 1.0 (2) 4.4 (9) 0.068a

 Unstable angina 2.9 (6) 0.5 (1) 1.0 (2) 0.263a

Cost, $ mean ± SD

 Medication 47 ± 32 [38] 80 ± 104 [64] 40 ± 29 [30] < 0.001b

 Outpatient service 303 ± 85 [274] 284 ± 112 [261] 248 ± 53 [233] < 0.001b

 PCI procedure 1490 ± 741 [1385] 35 ± 225 [0] 3 ± 46 [0] < 0.001b

 CABG procedure 152 ± 523 [0] 115 ± 460 [0] 1775 ± 555 [1947] < 0.001b

 Total cost 1952 ± 841 [1807] 446 ± 525 [277] 2037 ± 559 [2180] < 0.001b
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Follow‑up events, resource usage, and costs
Over the first year of follow-up, rates of repeat revascu-
larization were higher among patients assigned to ini-
tial PCI. During the subsequent year of follow-up, costs 
for outpatient medications and services were greater 
for the MT group. The 5-year cumulative medical care 
costs were notably smaller for the CABG compared with 
the PCI group (P = 0.009) and the MT group (P < 0.001), 
probably because of low rates of repeat revasculariza-
tion. The index cost of the CABG group had a significant 
impact on the average long-term cost. Clinical events, 
resource usage, and costs after the first 6  months are 
summarized in Table 3. Figure 2 shows the mean annual 
and cumulative costs of the three treatment strategies.

Utility weights, QALYs, LYs
Utility values based on SF-6D are summarized in Table 4. 
Utility weights improved significantly for all groups 
between baseline and the 6-month follow-up (P < 0.001, 
Bonferroni-corrected). During the subsequent years of 
follow-up, significant differences were observed among 
MT and the other two groups (P < 0.05, Dunn’s test) 
at all subsequent time intervals, except at 60  months 
where the difference was just between the PCI and MT 
groups (0.809 vs. 0.755, respectively; P < 0.05, Dunn’s 
test). Regarding QALYs and LY results (Table  5), by the 
end of the 5-year follow-up, QALYs was lower for MT 
than for CABG and PCI, and no statistical difference was 
observed between PCI and CABG. The mean cumula-
tive QALYs measurements across the 5 study years were 
3.80 for the PCI group, 3.54 for the MT group, and 3.77 
for the CABG patients (P < 0.05). On the other hand, the 
results of cumulative LYs did not show significant differ-
ences among the three groups at 5-year follow-up and 
were 4.59 for the PCI group, 4.55 for the MT group, and 
4.56 for the CABG.

Cost‑effectiveness analyses: overall population
Results from cost-effectiveness analyses are shown in 
Table  6. PCI versus MT was cost-effective, with 99% of 
bootstrap replicates falling below a threshold of 3 GDP 
per capita per QALY. CABG versus MT was cost-effec-
tive as well. Regarding PCI versus CABG, PCI dominated 
in 35% of the drawings, but was cost-effective in 61%. 
Assessing outcomes in life-years gained, CABG was asso-
ciated with a gain of 0.01 in life-years and was dominant 
in 45% compared with MT (Additional file 1: Table S2).

Cost‑effectiveness analyses: subgroup analysis
Results from subgroup analyses are presented in Addi-
tional file  1: Table  S3. For most subgroups, the results 

were consistent with those of the overall trial population; 
however, some results were relatively unstable owing to 
the small size of the subgroups.

Sensitivity analysis
In the sensitivity analysis, items that are not counted by 
the Public Health Care System reimbursement package 
were included. This analysis showed that PCI versus MT 
and CABG versus MT remained attractive at an ICER ≤ 3 
GDP/capita (98% and 97%, respectively), and PCI contin-
ued to be cost-effective compared with CABG (Table 6).

Finally, in the sensitivity analysis that incorpo-
rated international costs, the ICER for PCI versus MT 
increased, and, thus, PCI was no longer considered cost-
effective. Similarly, CABG became less cost-effective than 
MT. In addition, the cost difference between PCI and 
CABG increased nearly $10,000 for the overall popula-
tion; PCI was dominated in 43% of the drawings, but was 
cost-effective in 38% for a threshold less than $100,000 
(Table  6). Different results were seen when the analysis 
was based on life-years (Additional file 1: Table S4).

Figure 3 shows a Cost-effectiveness Plane in the whole 
study sample using 5000 replications after bootstrap-
ping and Additional file 1: Figures S1–S3 shows the Cost-
effectiveness acceptability curves.

Discussion
To the best of our knowledge, this is the first study that 
analyzes simultaneously cost-effectiveness among three 
treatment strategies for multivessel CAD in a long-term 
follow-up. In this analysis, despite substantially higher 
procedural costs associated with CABG and PCI, dif-
ferences in costs for MT and revascularization declined 
across the 5-year follow-up. Moreover, quality of life 
assessed by QALY showed that revascularization inter-
ventions yielded better results compared with MT. Com-
paring PCI and CABG with each other, QALYs had small 
differences over 5 years. As a result, both PCI and CABG 
were cost-effective compared with MT. Nonetheless, PCI 
versus CABG was modestly cost-effective.

Importantly, compared with baseline data, the three 
treatment strategies for multivessel CAD yielded 
improvements in quality of life. Whereas CABG had the 
highest initial costs, it was associated with fewer clinical 
events and further revascularizations, fewer medications, 
and, consequently fewer subsequent long-term costs. 
PCI had intermediate initial costs, higher need for fur-
ther revascularizations, but good results in terms of qual-
ity of life measures. Finally, MT had lower initial costs, 
but was associated with higher clinical events and need 
of medications, and slightly lower quality of life measures 
after 5 years.
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These findings are consistent with previous clinical evi-
dence that suggests that stenting is more cost-effective 
than off-pump bypass surgery at 1  year. However, it is 
important to point out that these estimates may lack pre-
cision because of sample size, short duration of follow-
up, and inclusion of almost 70% of single-vessel disease 
patients [19]. An economic evaluation of an observational 
study carried out in London for 6 years compared cost-
effectiveness of CABG, PCI, or both revascularization 
procedures, in 1740 patients. Opposite to our results, 
in patients suitable for either CABG or PCI treatments, 
PCI was not cost-effective at a threshold of £30,000 per 
QALY, and CABG was the most cost-effective form of 
management (63%). Nevertheless, patients selected for 

both procedures are not representative of multivessel 
disease because 41% of them had single-vessel disease 
and just 8% were triple-vessel disease patients [20]. More 
recently, a study was carried out by the Iran society per-
spective to evaluate PCI with stents versus CABG in 
patients with triple-vessel disease [21]. Contrary to our 
findings, it found that CABG is a cost-effective strategy 
compared with PCI, whereas this study included a small 
and unbalanced sample size, and cardiovascular events 
were not included in the Markov model over 5  years, 
10 years, and life-time horizon. Instead, it used a specific 
questionnaire to measure QALY, which makes it difficult 
to compare with other studies [21].

Fig. 2  Mean cumulative medical costs (lines) and mean annual follow-up costs (bars) for the percutaneous coronary intervention (PCI), coronary 
artery bypass grafting (CABG), and medical treatment (MT) groups. Note that the first set of bars represents the costs of the index hospitalization

Table 4  Utility of treatments

Values in brackets represent medians; 5000 replications

MT medical treatment, PCI percutaneous coronary intervention, CABG coronary artery bypass graft, CI confidence interval, SD standard deviation

Period (month) PCI (n = 194)
Mean ± SD

Imputation, n (%) MT (n = 197)
Mean ± SD

Imputation, n (%) CABG (n = 188)
Mean ± SD

Imputation n, (%)

Baseline 0.77 ± 0.84 [0.76] 0 (0) 0.76 ± 0.72 [0.76] 0 (0) 0.75 ± 0.07 [0.72] 0 (0)

6 0.79 ± 0.16 [0.79] 5 (2.6) 0.78 ± 0.11 [0.78] 3 (1.5) 0.78 ± 0.13 [0.77] 4 (2.2)

12 0.78 ± 0.19 [0.81] 4 (2.2) 0.77 ± 0.15 [0.78] 5 (2.6) 0.78 ± 0.16 [0.77] 6 (3.3)

24 0.76 ± 0.21 [0.80] 4 (2.2) 0.73 ± 0.22 [0.76] 9 (4.9) 0.76 ± 0.18 [0.78] 12 (6.7)

36 0.77 ± 0.21 [0.81] 5 (2.7) 0.69 ± 0.27 [0.76] 11 (6.3) 0.76 ± 0.21 [0.80] 14 (8.6)

48 0.75 ± 0.24 [0.81] 12 (6.7) 0.66 ± 0.30 [0.76] 10 (6.1) 0.74 ± 0.24 [0.79] 13 (7.9)

60 0.72 ± 0.29 [0.81] 8 (4.7) 0.65 ± 0.31 [0.75] 8 (4.9) 0.72 ± 0.28 [0.78] 11 (6.6)
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Regarding PCI versus MT, one trial showed that PCI is 
not cost-effective compared with MT for both in-trial and 
lifetime extrapolation. Moreover, in-trial results showed 
PCI to be the dominant strategy in only 19% of the simu-
lations, and that PCI was estimated to cost < $100,000 
per QALY gained in only 17% of the patients. Addition-
ally, this trial randomized 34% of single-vessel disease 
patients [11].

On the other hand, another study that analyzed a 
decision-analytic model over 5 years with a hypothetical 
cohort of 10,000 patients with an initial age of 60  years 
concluded that PCI of chronic total occlusions is cost-
effective in patients with severe symptoms compared 
with optimal medical treatment in patients with chronic 
stable angina [22].

Some considerations should be pointed out in the 
present study. This analysis was done based on Public 
Health Care System reimbursement, and, thus, values 
for procedures and medications were counted based on 
a prespecified reimbursement table. In this way, cost dif-
ferences among individual patients were not counted. On 
the other hand, the same analytical strategy was done for 
the three treatment groups, and this analysis balanced 
such bias. Additionally in percutaneous intervention, 
only bare metal stents were used to homogenize costs. 
Considering that this study included CAD patients years 

ago, the development of new treatment strategies might 
change our findings. However, this is inherent to long-
term follow-up studies. In this sense, studies using off-
pump surgery or drug-eluting stents might show different 
findings. Moreover, this economic analysis was carried 
out from the Brazilian perspective. To address this issue, 
costs were also analyzed according to data from previous 
studies to make a world comparison possible.

Conclusion
This study shows that the three treatment options for 
CAD yield improvements in quality of life, with compa-
rable and acceptable costs. However, despite the higher 
initial costs of CABG and PCI, the comparison of cost-
effectiveness after 5  years of follow-up showed both 
interventions to be cost-effective strategies compared 
with MT alone.

Additional file

Additional file 1. Additional tables and figures.
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quadrant. The red circle represents the estimated mean values of our sample. First line (dashed line) represents 0.5 GDP per capita, $4381; second 
line (medium dashed line) represents 3GDP per capita, $26,288. PCI versus MT (I), PCI versus CABG (II), and CABG versus MT (III). CABG coronary artery 
bypass graft, PCI percutaneous coronary intervention, QALY quality-adjusted life-year, $ American dollar, GDP gross domestic product

https://doi.org/10.1186/s12962-018-0158-z


Page 13 of 14Brandão et al. Cost Eff Resour Alloc           (2018) 16:55 

acceptability curves; CHEERS: Consolidated Health Economic Evaluation 
Reporting Standards; CIS: confidence intervals; DES: drug-eluting stents; ECG: 
electrocardiogram; EQ5D: Euroqol 5 Dimensions Questionnaire; GDP: gross 
domestic product; ICER: incremental cost-effectiveness ratios; LY: life-years 
gained; MACE: major adverse cardiovascular events; MASS: Medicine, Angio‑
plasty, or Surgery Study; MI: myocardial infarction; MT: medical treatment; PCI: 
percutaneous coronary intervention; PSA: probability sensitivity analysis; QALY: 
quality-adjusted life year; QALYs: quality-adjusted life years; SD: standard devia‑
tion; SF-36: 36-Item Short-Form Health Survey; SF-36V1: 36-Item Short-Form 
Health Survey Version 1; SF-6D: Six-Dimensional Health State Classification 
System; SPE: single photon emission computed tomography; SUS: Sistema 
Único de Saúde; TET: treadmill exercise test.

Authors’ contributions
Contribution of each author: SMGB: concept and design of the manuscript; 
analysis and interpretation of data; WH; conception and design of this study 
and final approval of the manuscript; SMGB: conception of this trial; PCR: 
analysis of data; drafting the article and revising; YTJ: interpretation of data; 
ACPL: acquisition, analysis and interpretation of data; SMGB: drafting the 
article or revising; ACPL: acquisition and analysis of data; MET: analysis of data; 
WH: drafting the article or revising; HPBLR: interpretation of data, statistical 
support; MET: design of this study final approval of the manuscript submitted; 
EAB: final approval of the manuscript submitted. All authors read and revised 
the manuscript. All authors read and approved the final manuscript.

Author details
1 Instituto do Coração (InCor), Hospital das Clinicas HCFMUSP, Faculdade de 
Medicina, Universidade de São Paulo, Av Dr Eneas de Carvalho Aguiar 44 – 
Cerqueira Cesar, São Paulo, SP CEP 05403‑000, Brazil. 2 Heart Failure Clinic, 
Department of Cardiology, Maastricht University Medical Center, Maastricht, 
The Netherlands. 3 Department of Statistics, Institute of Mathematics and Sta‑
tistics, University of São Paulo, São Paulo, SP, Brazil. 

Acknowledgements
The authors wish to acknowledge the support of Dr. Ricardo D’Oliveira Vieira 
and Dr. Guilherme Veiga Guimarães for their advice and members of the MASS 
study group for datasets being available when requested. Medical writing sup‑
port was provided by Ann Conti Morcos, from MorcosMedia.

Competing interests
Edimar Alcides Bocchi reports receiving a consulting fee from Baldacci, Servier, 
and Astra-Zeneca; subsidized travel/hotel/registration fees from Baldacci, 
Servier, Berlin Heart GmbH, and Novartis; membership on Steering Commit‑
tees for Servier and Novartis; contracted research with Servier and Amgen; 
and honoraria from Servier. There is no interaction with any entity that would 
influence diagnostic or therapeutic strategies in this study. The remaining 
authors report no competing interests.

Availability of data and materials
The datasets generated and/or analyzed during the current study are not 
publicly available, but are available from the corresponding author on reason‑
able request.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study was approved by the Ethics Committee of the Hospital das Clínicas 
da Faculdade de Medicina da University of São Paulo approved the trial 
under no. 264/94/11, and all procedures were performed in accordance with 
the Helsinki Declaration. Patients gave written, informed consent and were 
randomly assigned to a treatment group.

Funding
This work was supported partially by a research grant from the Zerbini Foun‑
dation, São Paulo, Brazil, and the Medical School of the University of São Paulo.

Study association
This article is part of the doctoral dissertation of Sara MG Brandao for the 
Faculdade de Medicina da Universidade de São Paulo, Brazil.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Received: 21 May 2018   Accepted: 24 October 2018

References
	1.	 Hueb W, Lopes NH, Gersh BJ, Soares P, Machado LAC, Jatene FB, et al. 

Five-year follow-up of the Medicine, Angioplasty, or Surgery Study (MASS 
II): a randomized controlled clinical trial of 3 therapeutic strategies for 
multivessel coronary artery disease. Circulation. 2007;115:1082–9.

	2.	 Boden WE, O’Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, et al. 
Optimal medical therapy with or without PCI for stable coronary disease. 
N Engl J Med. 2007;356:1503–16.

	3.	 Vieira RD, Hueb W, Hlatky M, Favarato D, Rezende PC, Garzillo CL, et al. 
Cost-effectiveness analysis for surgical, angioplasty, or medical therapeu‑
tics for coronary artery disease: 5-year follow-up of medicine, angioplasty, 
or surgery study (MASS) II trial. Circulation. 2012;126(11 Suppl 1):S145–50.

	4.	 Drummond MF, Sculpher MJ, Torrance G, O’Brien J, Stoddart GL. Methods 
for the economic evaluation of health care programmes. 3rd ed. Oxford: 
Oxford Medical Publications; 2005. p. 9–104.

	5.	 Chapko MK, Liu CF, Perkins M, Li YF, Fortney JC, Maciejewski ML. Equiva‑
lence of two healthcare costing methods: bottom-up and top-down. 
Health Econ. 2009;18(10):1188–201.

	6.	 Takiuti ME, Hueb W, Hiscock SB, Nogueira CR, Girardi P, Fernandes F, et al. 
Quality of life after surgical myocardial revascularization, angioplasty or 
medical treatment. Arq Bras Cardiol. 2007;88:537–44.

	7.	 Cruz LN, Camey SA, Hoffmann JF, Rowen D, Brazier JE, Fleck MP, et al. Esti‑
mating the SF-6D value set for a population-based sample of Brazilians. 
Value Health. 2011;14(5 Suppl 1):S108–14.

	8.	 Bertram MY, Lauer JA, De Joncheere K, Edejer T, Hufubessy R, Kieny MP, 
et al. Cost-effectiveness thresholds: pros and cons. Bull World Health 
Organ. 2016;94:925–30.

	9.	 Instituto Brasileiro de Geografia e Estatística. http://www.ibge.gov.br/
brasi​l_em_sinte​se/tabel​as/conta​s_nacio​nais_tabel​a01.htm. Accessed 
March 2015.

	10.	 Magnuson EA, Farkouh ME, Fuster V, Wang K, Vilain K, Li H, et al. Cost-
effectiveness of percutaneous coronary intervention with drug eluting 
stents versus bypass surgery for patients with diabetes mellitus and 
multivessel coronary artery disease: results from the FREEDOM trial. 
Circulation. 2013;127(7):820–31.

	11.	 Weintraub WS, Boden WE, Zhang Z, Kolm P, Zhang Z, Spertus JA, et al. 
Cost-effectiveness of percutaneous coronary intervention in optimally 
treated stable coronary patients. Circ Cardiovasc Qual Outcomes. 
2008;1(1):12–20.

	12.	 Efron B, Tibshirani RJ. An introduction to the bootstrap. 1st ed. New York: 
Chapman & Hall/CRC; 1993. p. 436.

	13.	 Colosimo EA, Giolo SR. Análise de Sobrevivência Aplicada. 1st ed. São 
Paulo: Edgard Blücher; 2010. p. 369.

	14.	 Manca A, Hawkins N, Sculpher MJ. Estimating mean QALYs in trial-based 
cost-effectiveness analysis: the importance of controlling for baseline 
utility. Health Econ. 2005;14:487–96.

	15.	 Rocca HPB, Kaiser C, Bernhein A, et al. Cost-effectiveness of drug-eluting 
stents in patients at high or low risk of major cardiac events in the Basel 
Stent Kosten Effektivitäts Trial (BASKET): an 18-month analysis. Lancet. 
2007;370:1552–9.

	16.	 Usov A. Economic evaluation in clinical trials. You can do it with SAS. SAS 
conference proceedings: pharmaceutical users software exchange 2013. 
http://www.lexja​nsen.com/phuse​/2013/he/HE02.pdf. Accessed March 
2016.

	17.	 Husereau D, Drummond M, Petrou S, Carswell C, Moher D, Greenberg 
D, et al. Consolidated Health Economic Evaluation Reporting Standards 
(CHEERS) statement. Value Health. 2013;16(2):e1–5.

	18.	 Ramsey S, Willke R, Briggs A, Brown R, Buxton M, Chawla A, et al. Good 
research practices for cost-effectiveness analysis alongside clinical trials: 
the ISPOR RCT-CEA Task Force report. Value Health. 2005;8(5):521–33.

http://www.ibge.gov.br/brasil_em_sintese/tabelas/contas_nacionais_tabela01.htm
http://www.ibge.gov.br/brasil_em_sintese/tabelas/contas_nacionais_tabela01.htm
http://www.lexjansen.com/phuse/2013/he/HE02.pdf


Page 14 of 14Brandão et al. Cost Eff Resour Alloc           (2018) 16:55 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

	19.	 Eefting F, Nathoe H, van Dijk D, Jansen E, Lahpor J, Stella P, et al. Rand‑
omized comparison between stenting and off-pump bypass surgery 
in patients referred for angioplasty. Circulation. 2003;108:2870–6 (Epub 
2003 Dec 1).

	20.	 Griffin SC, Barber JA, Manca A, Sculpher MJ, Thompson SG, Buxton MJ, 
et al. Cost effectiveness of clinically appropriate decisions on alternative 
treatments for angina pectoris: prospective observational study. BMJ. 
2007;334(7594):624 (Epub 2007 Mar 5).

	21.	 Javanbakht M, Bakhsh RY, Mashayekhi A, Ghaderi H, Sadeghi M. Coronary 
bypass surgery versus percutaneous coronary intervention: cost-
effectiveness in Iran: a study in patients with multivessel coronary artery 
disease. Int J Technol Assess Health Care. 2014;30(4):366–73.

	22.	 Gada H, Whitlow PL, Marwick TH. Establishing the cost-effectiveness of 
percutaneous coronary intervention for chronic total occlusion in stable 
angina: a decision-analytic model. Heart. 2012;98(24):1790–7.


	Comparative cost-effectiveness of surgery, angioplasty, or medical therapy in patients with multivessel coronary artery disease: MASS II trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design, patient population, and treatment
	Resource utilization and estimation of medical care cost
	Effectiveness estimation
	Cost-effectiveness analyses and threshold
	Sensitivity analysis
	Statistical analyses
	Compliance with ethical standards

	Results
	Patient population
	Initial events, resource usage and cost
	Follow-up events, resource usage, and costs
	Utility weights, QALYs, LYs
	Cost-effectiveness analyses: overall population
	Cost-effectiveness analyses: subgroup analysis
	Sensitivity analysis

	Discussion
	Conclusion
	Authors’ contributions
	References




