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Aims: To evaluate the long-term effectiveness and cost-efficacy of drug-eluting stents (DES) in a real world
setting of multivessel percutaneous coronary intervention (PCl).
Methods and results: We evaluated the 2-year outcome of all multivessel PCl in de novo lesions enrolled in
a prospective web-based multicentre registry from July 2003 to December 2006. Among the 2,898 eligible
patients, 1,315 were treated with bare-metal stent (BMS) alone, 657 with DES alone, and 926 with both. At
2-years, use of DES was associated with a lower propensity score adjusted incidence of major adverse
cardiac events (MACE), death and myocardial infarction, and target vessel revascularisation (TVR)
compared with BMS but only in patients at high risk of TVR. No difference was apparent between "pure"
DES and the mixed approach. The matched cost-effectiveness analysis revealed DES to be more costly and
more effective with a reasonable incremental cost-efficacy ratio for any MACE avoided only in patients with
a high risk of TVR and only in comparison with "pure" BMS patients.
Conclusions: In this real-world multivessel PCI registry, the use of DES and a mixed approach were
associated with a 2-year reduction of adverse clinical outcomes in comparison with BMS especially in
patients with a high risk of TVR. DES were cost-effective only in patients at high risk of TVR.
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Cost-efficacy of DES in multivessel PCI

Introduction

The introduction of drug-eluting stents (DES) in clinical practice has
led to a significant improvement of multivessel PCI (percutaneous
coronary intervention) medium-term results almost approaching
those of coronary artery by-pass graft (CABG), due to the reduction
of new revascularisation rates in comparison to bare-metal stents
(BMS). In more recent clinical trials comparing multivessel PCI
and CABG, all lesions were treated with DES®7. However, it is not
clear if it is really mandatory to implant DES in all lesions of patients
referred for multivessel PCI.

Safety issues about multiple DES utilisation are based on the higher
incidence of subacute and late stent thrombosis observed in
patients treated with DES-PCI versus BMS-PCI8. It is of note that
stent thrombosis is strongly related to the total stent length and
number of DES implanted in meta-analysis of randomised clinical
trials (RCTs)°.

Moreover, there is an issue related to incremental costs of such
a strategy especially in resource limited health care systems,
without a clear documentation of superiority in comparison to
a more selective DES use.

The mixed approach (MIX) with DES and BMS utilisation in different
lesions in the same patient is quite diffused in everyday practice
(estimated prevalence in 11-13% of all PCI procedures)!!!, but not
specifically investigated because it is excluded as a group in all
registries and RCTs evaluations.

The aim of this study was to evaluate DES utilisation modality in
multivessel PCl in a large real-world registry, the crude and adjusted
24 months clinical results comprehensive of angiographic stent
thrombosis, and the cost-effectiveness analysis in this setting of
three different approaches (BMS only, DES only and MIX).

Methods

Population

The Registro Angioplastiche Emilia-Romagna (REAL) is a
multicentre web-based registry established in a northern Italy region
(Emilia-Romagna) prospectively collecting clinical, angiographic
and procedural data of all PCl performed in the 13 regional
catheterisation laboratories. The REAL was launched in July 2002
under the coordination of the Health Care and Social Regional
Agency with the aim of monitoring DES diffusion and utilisation and
to evaluate their impact on clinical practice. Follow-up is available
through several regional databases (mortality registry, hospital
discharge records, outpatient clinic database).

The registry, already described in detail elsewhere!?!® has the
distinctive characteristic to pursue a selective utilisation of DES
following the recommendations given by the regional cardiologic
and cardiac surgical commission at the time of their introduction in
clinical practice.

In this study, we considered patients treated with multivessel PCI (at
least one stent in two distinct territories) enrolled from July 2003
until December 2006, with the exclusion of patients not resident in
the Emilia-Romagna region, those with acute myocardial infarction,
shock, left main trunk treatment, previous PCl or CABG. The study
complies with the Declaration of Helsinki.
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Procedure

All patients gave written informed consent prior of PCI procedure.
Coronary angiography has been performed according to standard
practice and the decision on type of revascularisation (complete or
incomplete), type of stents (DES or BMS), glycoprotein GPIIbllla
inhibitors utilisation, a single or a staged procedure was left to the
discretion of the operators. Multivessel PCI was performed in a
single session in most of the cases and in 14% in a staged fashion.
BMS used were stainless steel (Liberte, Boston Scientific, Natick, MA,
USA) or chromium-cobalt alloy (Vision, Abbott Vascular, Abbott
Laboratories, IL, USA; Driver, Medtronic Vascular, Santa Rosa, CA,
USA; Skylor, Invatec, Brescia, ltaly) stents; DES were sirolimus eluting
stent (Cypher™; Johnson & Johnson, Miami, FL, USA) and paclitaxel
eluting stent (Taxus™, Boston Scientific, Natick, MA, USA). Before
procedure all patients received aspirin >100 mg and clopidogrel
300 mg or ticlopidine 250 mg x 2 (at least for three days). After PCI
patients were maintained on lifelong aspirin and on clopidogrel for at
least one month for those without acute coronary syndrome (ACS)
who were treated with a BMS and for 6-12 months for those with
unstable angina/non-Q wave myocardial infarction treated with BMS™
or for those treated with at least one DES.

Endpoint

Follow-up data, including vital status, at 12 and 24 months were
independently obtained from the Emilia-Romagna Regional
Health Care Agency, which has direct access to municipal
registries (for death certificates) and hospital discharge records.
This warranted a complete follow-up for all patients resident in
the region. The prospectively collected data from the web-based
registry regarding all repeat surgical/percutaneous interventions
performed during follow-up were matched with the
administrative data to identify any inconsistencies. Specific
queries were sent to the individual institutions to justify/correct
discrepancies between the data recorded on the web-based
registry (compiled by interventional cardiologists) and the
administrative data (largely provided by independent
cardiologists). Hospital records were reviewed for additional
information whenever deemed necessary.

Total and cardiac death, non-fatal acute myocardial infarction
(AMI), target vessel revascularisation (TVR), cumulative major
adverse clinical events (MACE), angiographic stent thrombosis,
were the examined events. AMI during follow-up resulted from code
SDO 410.x1 defining hospital admission for a new myocardial
infarction, excluding post-procedural myocardial necroses (Q wave
MI when .x was different from .7 or non-Q wave Ml when .x = .7).
TVR was defined as any re-intervention (surgical or percutaneous)
to treat a stenosis in the same coronary vessel treated at the index
procedure, within and beyond the lesion limits. Re-intervention
following scheduled angiographic control (non-clinically driven)
were excluded. Cumulative MACEs included death, myocardial
infarction or TVR. Angiographic stent thrombosis was defined as a
complete occlusion or a flow-limiting thrombus in a previously
treated artery. Lesion length and vessel reference diameter were
estimated visually by the operators.



Cost analysis

Given that comparisons were made among patients treated in a
similar percutaneous fashion, we assumed that care,
comprehensive of length of hospital stay, in-hospital and post-
discharge therapy, and non-invasive assessment at follow-up, was
alike in all three considered groups. So, only differential costs were
taken into account considering standard costs calculated on
disease related group (DRG)'s reimbursement, corrected by the
type and number of stents, costs of follow-up events (standardised
by DRG) and those items (clopidogrel treatment) having a different
behaviour in the three groups.

Initial costs Cost of the index procedure derived from: DRG of balloon
PCI (DRG 518 - 5,425 Euros), corrected at 25% with DRG 516 (PCl and
AMI - 7,433 Euros), considering that >50% of patients had an ACS and
almost 25% a non- Q-wave AMI, plus cost of all the implanted stents.
Mean stent price had progressively decreased during the three and
a half years of the study period, from 600 to 400 Euros for BMS,
and from 1,800 to 1,450 Euros for DES.

Staged procedures costs were the sum of single procedures costs.
Follow-up costs Pharmacological treatment costs were calculated as
follows: clopidogrel accounted for a 2 Euros daily cost, considering
the most recent standard of care (one month for patients treated with
BMS without ACS, and 12 months for patients treated with BMS
associated with ACS and for those treated with at least one DES).
Death: no adjunctive costs if not associated to hospital admission for
AMI or TVR; TVR-PCI without AMI: DRG 517 (5,946 Euros); TVR-PCI
with Q or non-Q-wave AMI: DRG 516 (7,433 Euros); TVR-CABG: DRG
107, comprehensive of coronary angiography pre-CABG (18,447
Euros); Q or non- Q-wave AMI without TVR: DRG 122 (4,599 Euros).
Twelve and 24 months costs Mean 12 and 24 months costs were
calculated adding to initial costs, those of follow-up events and of
clopidogrel therapy in all groups.

Statistical analysis

Continuous variables were expressed as mean +SD and were
compared using Student's unpaired t-test. Categorical variables were
expressed as counts and percentages and chi-square test was used
for comparison. The cumulative incidence of adverse events was
estimated according to the Kaplan-Meier and compared by the log
rank test. Because of the observed differences in baseline
characteristics between the treatment groups, three separate
propensity score analyses were carried out by use of a logistic
regression model*s: DES versus BMS, DES versus MIX and MIX versus
BMS. This analysis included a number of clinical, angiographic and
procedural variables, such as age, sex, diabetes, prior myocardial
infarction, neo-plastic disease, chronic renal disease, heart failure,
peripheral and cerebrovascular disease, ACS at admission, left
ventricular ejection fraction <35%, warfarin therapy, left anterior
descending artery, number of lesions treated, reference vessel
diameter, lesion length, ostial lesion, chronic total occlusion,
bifurcation, year and hospital of treatment. The logistic models by
which the three propensity score were estimated showed good
predictive value (C-statistic= 0.838 DES versus BMS, 0.729 DES
versus MIX, 0.774 MIX versus BMS) and calibration characteristics by
the Hosmer-Lemeshow test (p= 0.409 DES versus BMS, 0.651 DES
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versus MIX, 0.724 MIX versus BMS). The score was then incorporated
into subsequent proportional hazards models as a covariate.
The same model was applied to compare the clinical outcome of
the treatments within subgroups of patients: high and low risk for
restenosis. For this purpose we initially performed a multivariable
logistic regression analysis to identify the independent predictors of
target vessel revascularisation at 1-year in patients treated with
BMS only. The variables, selected as p<0.10, were: male sex,
diabetes, proximal left anterior descending, proximal left circumflex,
total lesion length, reference vessel diameter. From the logit
estimated by logistic regression analysis we obtained the function of
likelihood that is calculated by the following formula:
p=e"e®/(1+e"e"®) with logit (p) = Bo+B, "X, +B, X2+...+B, X,

This formula allowed us to assign also to DES and MIX-treated patients
the same baseline "probability” (i.e., one year TVR risk). Subsequently,
the entire population was subdivided into quintiles of risk, in order to
identify the relative efficacy of the three treatments within each quintile
of risk. Since statistically significant differences between the rate of
TVR within two years were found only in the fourth and fifth quintile,
patients were divided into two subgroups: "low risk" (first, second and
third quintile) and "high risk" (fourth and fifth quintile).

All analyses were performed with the SAS 9.1 system.

Economic analysis

Comparison of one and two years total events and total costs among
the three groups were made in propensity score matched subgroups.
The matching was done utilising a propensity score calculated with the
variables previously described. Each patient was paired with the lowest
difference in propensity score match's. If one patient presented more
than one exact match or more matches with the same difference, the
selection was random. Three hundred and seventy-four (374) couples
of patients were analysed in the DES versus BMS comparison at one
year and 244 at two years, 582 couples in the MIX versus BMS at one
year and 395 at two years, 441 couples of patients in the DES versus
MIX at one year and 216 at two years.

The incremental cost-effectiveness of DES was estimated in terms
of a ratio between the difference in costs and the difference in the
number of MACE events: three different analysis were conducted
according to the couples (DES versus BMS, DES versus MIX, MIX
versus BMS) analysed. Results were expressed as an incremental
cost-effectiveness ratio (ICER), indicating the cost for one MACE
event avoided. Given the relatively short time period considered,
costs and benefit were not discounted.

Two group comparisons were done with two sample t-test (with
unequal variances after testing this assumption), Wilcoxon signrank
test and distributional assumptions were assessed using the one-
sample Kolmogorov Smirnov test. Non-parametric bootstrapping
was used to estimate differences in average costs and time to
events, using 5,000 bootstrap samples drawn from the original
dataset!®. Probabilities of a strategy being cost effective were
calculated in relation to willingness to pay for one MACE avoided,
and presented through a cost effectiveness acceptability curvel”.
Subgroup analyses were carried out considering patients at low and
high risk of TVR, as previously described. All the analyses were
performed with SAS 9.2 system.
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Cost-efficacy of DES in multivessel PCI

Results

There were 26,800 PCl procedures in the period between July
2003 — December 2006, of which 20,400 patients were resident of
the Emilia-Romagna region; 5,400 (26%) were performed in at least
two different vessels and 4,700 with at least two stents implanted.
After exclusion of patients with AMI, left main stem treatment or
previous revascularisation procedures, 2,898 multivessel PCI
procedures were obtained: 1,315 (45%) with BMS only, 657 (23%)
with DES only, and 926 (32%) with both BMS and DES. Clinical and
procedural characteristics of patients in the three groups are
summarised in Table 1.

Patients treated with BMS were older, had a higher frequency of chronic
renal disease, chronic obstructive pulmonary disease, previous M,
reduced left ventricular ejection fraction, ongoing warfarin therapy, while

Table 1. Clinical and procedural characteristics of the patient population.

BMS MIX DES P value
N=1315 N=926 N=657
Age, y +SD 70.7£10.5 66.8+£10.9 64.1+10.5 <.001
Male, % 73.5 77 77.5 0.065
Diabetes, % 22 26.1 42.7 <.001
Hypercholesterolaemia, % 61 72.4 75.6 <.001
Chronic kidney disease, % 3.7 1.4 2.4 0.003
Chronic pulmonary disease, % 5.3 3.7 3.2 0.046
Previous myocardial infarction, % 28.5 22.2 22 0.001
Unstable angina/ NSTEMI, %  56.7 51.4 53.7 0.041
Ejection fraction <35%, % 7.7 5.5 4.7 0.045
Warfarin therapy, % 6.9 3.2 2.3 <.001
3-vessel disease, % 40.8 44 49.1 0.012
3-vessel treated, % 7.5 13.5 7.5 <.001
Treated lesions, n°/pt 2.6+0.9 2.7+0.9 2.6+0.9  0.001
Implanted stents, n°/pt 2.7¢#1  3.0£1.1 2.7#0.9  <.001
Total stent length, mm 45+19.2 52.14#22.6 52.7+21.3 <.001
Procedural success, % 98.7 98.8 99.1 0.746
NSTEMI: non-ST-elevation myocardial infarction
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Figure 1. Unadjusted 2-year clinical event rate in the three groups.
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DES recipients were more often diabetic, hypercholesterolaemic and
with a higher prevalence of three vessel disease. The MIX group had a
higher frequency of three vessel PCI, higher number of lesions treated
and more stents implanted. The total stent length was superior in the
DES and MIX groups in respect to BMS group. Procedural success was
high and equivalent in the three groups.

Mean lesion length increased progressively from BMS, to MIX and DES
group, while mean reference vessel diameter decreased from BMS, to
MIX and DES group (Table 2). Left anterior descending, B2/C and
bifurcation lesions were treated more often in DES and MIX groups.
Lesions treated with DES were again longer, in smaller vessels, more
complex, more often in LAD, ostial and chronically occluded in the
mixed group, while those treated with BMS in the same group were
simple in 21% of cases.

Median follow-up was 920 days. Figure 1 shows the unadjusted
event rates in the three groups.

Table 2. Angiographic characteristics of treated lesions in the three groups.

BMS MIX DES P value
N=3417  N=2541  N=1690

Mean length, mm 15.6+7.1  17.8¢9  19.1+8.8 <.001
Length >20 mm, % 25.1 35.5 43.7 <.001
Vessel diameter, mm 3.0£0.5 2.9+0.5 2.8+0.4  <.001
Vessel diameter <2.5mm, % 26.2 30.3 35 <.001
LAD, % 36.6 41.3 41.4 0.001
LCx, % 32.7 28.9 31.3 0.006
RCA, % 30.7 29.8 27.3 0.042
Type B2/C, % 59.1 65.8 65.2 <.001
Bifurcation, % 14.7 17.3 18.3 0.002
Ostial, % 6.1 8.2 7.4 0.008
Chronic total occlusion, % 5.8 6.4 8.1 0.001
"Simple" lesion, % 14.5 11.5 7.1 <.001

LAD: left anterior descending artery; LCx: left circumflex artery; RCA: right
coronary artery; "Simple" lesion: length <15 mm and vessel diameter >3 mm
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We observed a higher two year total mortality in the BMS group
(p<0.001), and the cardiac death was BMS 5.2%, MIX 3.6%, DES
2.8%, p=0.028. Incidence of AMI was similar in the three groups
(p=0.272); 50% of total AMI were associated to a TVR PCI. Almost
60% of AMI were non-Q wave MI (at two years BMS 5.2%, MIX
3.2%, DES 4.4%), while the rate of Q wave Ml was 2.1% in BMS,
2.8% in MIX and 3.1% in DES group (p=0.539); out of total 86 Q
wave MI during the follow-up, 43 (50%) were followed by TVR and
11 (13%) by cardiac death within 30 days.

TVR were slightly more frequent in the BMS group, without
statistical significance, while two years crude incidence of MACE
was lower in the DES and MIX groups. Definite two years
angiographic stent thrombosis was significantly increased and
characteristically presented also after one year in the DES group.

In patients with events during the follow-up period, multiple adverse
events (AMI and TVR) were more frequent in the DES group; for this
reason the mean number of events per patient increased in DES
group from 1-year (BMS 0.26, MIX 0.18, DES 0.17) to 2-years of
follow-up (BMS 0.34, MIX 0.26, DES 0.31).

To adjust for differences in the baseline clinical and angiographic
characteristics, a propensity score analysis of the data was performed
in the whole groups and in the subgroups at low and high risk of TVR,
as described in the methods, and previously published!®. The
adjusted comparison between DES and BMS resulted in lower
combined death and MI rate in high risk patients treated with DES

Clinical research

(Table 3), whereas there were not differences in event rates in low risk
patients. DES did not show any significant advantage over MIX
approach neither in the general population nor in any risk subgroup.
As compared to BMS, mixed approach was associated to a not
statistically significant reduction of hard events (AMI and death) and
to a significant reduction of TVR only in high risk subjects.

The mean initial, follow-up and total costs at 12 and 24 months in
the three groups are shown in Table 4. The cost-efficacy
comparisons between matched groups with the incremental cost-
efficacy ratio (ICER) for avoided MACE are summarised in Table 5.

The cost-efficacy ratio of DES or MIX in respect to BMS appeared
better in the high risk subgroup, but never becoming dominant
(more effective and less expensive); it is noteworthy a possible
negative effect in the low risk population in conjunction to higher
costs. DES showed a worse cost-effectiveness ratio respect to MIX,
especially at two years.

Table 4. Initial, follow-up and total costs at 12 and 24 months in the
three groups (Euros).

BMS MIX DES p value
N=1315 N=926 N=657
Initial cost 894642356 1104742793 1195442750  <0.001
12-month follow-up 179444304 1745+3537  1670+£3211  0.795

12-month total cost 1074045029 1279244561 13623+4244  <0.001
N= 836 N= 615 N= 399
24-month follow-up 214044807 2037+4730 241245637 0.494

and lower TVR rate prevalently driven by the high risk subgroup 24-month total cost 1110345402 1306545569 1433746293  <0.001
Table 3. Two-year adjusted comparison in event rate.
DES versus BMS BMS (n=1246) DES (n=594) HR 95% CI p value
Death and myocardial infarction 14% 12.1% 0.85 0.60-1.21 0.369
Low risk (n=886 versus 287) 12.8% 14.6% 1.14 0.73-1.79 0.568
High risk (n=360 versus 307) 17.8% 10.5% 0.56 0.33-0.95 0.031
Target vessel revascularisation 15.9% 10.2% 0.60 0.42-0.84 0.003
Low risk 11.5% 9.5% 0.74 0.44-1.25 0.261
High risk 26.2% 12.5% 0.44 0.28-0.69 <0.001
Cumulative MACE 25.6% 19.6% 0.72 0.56-0.96 0.014
Low risk 21.8% 18.9% 0.82 0.57-1.19 0.304
High risk 34.8% 21.9% 0.57 0.40-0.82 0.002
DES versus MIX MIX (n=902) DES (n=601) HR 95% CI p value
Death and myocardial infarction 10.5% 10.6% 1.00 0.71-1.42 0.982
Low risk (n=507 versus 294) 10.7% 12.1% 1.11 0.68-1.81 0.688
High risk (n=395 versus 307) 10.9% 9.9% 0.91 0.54-1.51 0.710
Target vessel revascularisation 12.4% 11.4% 0.87 0.63-1.22 0.429
Low risk 13.1% 10.0% 0.67 0.40-1.11 0.115
High risk 12.4% 13.1% 1.09 0.69-1.73 0.704
Cumulative MACE 20.7% 19.3% 0.90 0.70-1.16 0.414
Low risk 21.4% 17.4% 0.74 0.51-1.09 0.127
High risk 21.2% 21.8% 1.05 0.74-1.48 0.902
MIX versus BMS BMS (n=1246) MIX (n=877) HR 95% (I p value
Death and myocardial infarction 13.7% 11.3% 0.82 0.61-1.09 0.167
Low risk (n=886 versus 483) 12.5% 11.6% 0.94 0.65-1.38 0.762
High risk (n=360 versus 394) 17.2% 11.7% 0.65 0.42-1.02 0.059
Target vessel revascularisation 15.3% 11.8% 0.76 0.58-1.00 0.051
Low risk 11.2% 12.7% 1.17 0.81-1.70 0.407
High risk 24.9% 12.0% 0.43 0.29-0.65 <0.001
Cumulative MACE 24.9% 21.2% 0.84 0.68-1.04 0.108
Low risk 21.4% 22.1% 1.07 0.81-1.41 0.617
High risk 33.4% 21.7% 0.59 0.43-0.81 0.001
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Figures 2, 3, and 4 show the cost-effectiveness results in low and

high risk subgroups plotting the bootstrapping analysis on cost-

efficacy Cartesian planes and the economic acceptability curves in

the three comparisons. At a willingness to pay threshold for any

avoided MACE of 20,000 - 30,000 Euro, DES and MIX have a high
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probability (90-95% at one year and 80-85% at two years) of being
cost-effective in respect to BMS only in patients at high risk of TVR,
while DES have a very low probability to be cost-effective in respect
to MIX (10-15% at one year and 30% at two years) even in the high
risk subgroup of patients.
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Figure 2. Matched comparison of DES versus BMS: incremental cost-effectiveness (bootstrap analysis) and probability of cost-effectiveness in
relation to willingness to pay to prevent one MACE at 1 and 2 years in patients treated with multivessel PCI at low (green) and high (orange) risk
of TVR. CE: cost-efficacy; CEAC: cost-efficacy acceptability curve; WTP: willingness to pay.
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Figure 3. Matched comparison MIX versus BMS: incremental cost-effectiveness (bootstrap analysis) and probability of cost-effectiveness in relation
to willingness to pay to prevent one MACE at 1 and 2 years in patients treated with multivessel PCI at low (green) and high (orange) risk of TVR.
CE: cost-efficacy; CEAC: cost-efficacy acceptability curve; WTP: willingness to pay.
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Figure 4. Matched comparison DES versus MIX: incremental cost-effectiveness (bootstrap analysis) and probability of cost-effectiveness in relation
to willingness to pay to prevent one MACE at 1 and 2 years in patients treated with multivessel PCI at low (green) and high (orange) risk of TVR.
CE: cost-efficacy; CEAC: cost-efficacy acceptability curve; WTP: willingness to pay.

Table 5. Incremental cost-efficacy ratio (ICER) for avoided MACE at 12 and 24 months in cost-effectiveness analysis using matching
comparisons. Negative value of ICER indicates DES to be most costly and less effective.

12 months 24 months
DES versus BMS BMS DES ICER BMS DES ICER
Total, N° of patients 374 374 244 244
N° of MACE 0.27£0.7 0.18+0.5 28669 0.32+0.7 0.32+£0.9 NC
Total costs 10842+4814 1337143911 1112445261 1412545941
Low risk of TVR, N° of patients 236 197 148 125
N° of MACE 0.19+0.6 0.16+0.5 87539 0.24+0.7 0.38+1 -25048
Total costs 100913864 1263643235 10385+4533 1391146325
High risk of TVR, N° of patients 138 177 96 119
N° of MACE 0.41+0.8 0.2040.5 10194 0.44+0.7 0.25+0.7 11247
Total costs 1212645903 1418944413 122646070 1435045528
MIX versus BMS BMS MIX ICER BMS MIX ICER
Total, N° of patients 582 582 395 395
N° of MACE 0.26+0.6 0.22+0.6 45275 0.35+0.7 0.25+0.8 13328
Total costs 1085344956 126424726 1145945737 1280945432
Low risk of TVR, N° of patients 369 354 257 250
N° of MACE 0.2040.5 0.22+0.6 -83169 0.3440.7 0.26+0.9 16050
Total costs 103084075 124154479 1118945703 124505672
High risk of TVR, N° of patients 213 228 138 145
N° of MACE 0.36+0.7 0.21+0.6 7935 0.38+0.7 0.24+0.7 10279
Total costs 11798+6089 12996+4607 119635786 1342944950
DES versus MIX MIX DES ICER MIX DES ICER
Total, N° of patients 441 441 283 283
N° of MACE 0.18+0.5 0.17£0.5 48392 0.29+1 0.32+1.1 -30203
Total costs 12758+4417 135264065 131836539 1425046581
Low risk of TVR, N° of patients 225 202 148 135
N° of MACE 0.210.6 0.15+0.5 -65 0.26+1 0.30+1 -21946
Total costs 12587+4701 125833232 1263246533 1350045894
High risk of TVR, N° of patients 216 239 135 148
N° of MACE 0.16+0.4 0.19+0.6 -52846 0.32+1 0.35#1.2 -45147
Total costs 1293644105 143244509 137866517 1493447101
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Discussion

The main finding of our study was that in patients undergoing
multivessel PCI, DES conferred a clinical advantage over BMS only
in patients showing features of high pre-procedural risk of
subsequent TVR (Table 3), and exclusive DES employment was not
superior to a mixed (DES and BMS in the same patient) strategy.
Although the similar rate of TVR in the three groups could suggest
that a major reduction of late loss should not be necessary in a wide
spectrum of patients, the propensity score adjusted comparisons
showed DES and MIX approaches to confer a lower TVR rate in
comparison to BMS, exclusively driven by the effect in the high risk
subgroups of patients.

The REAL registry experience, already published!! and enlarged in
this study, was the first reporting in the literature of a mixed
DES/BMS strategy in multivessel PCI. Prolongation of follow-up at
two years resulted in the observation of a reduction of DES
advantage over BMS between 12 and 24 months. This is
particularly evident in the cost-effectiveness analysis that takes into
account not only the first adverse event as in the Kaplan Meier
curves construction, but all events for each patient. In fact, even in
the face of an absolute inferior incidence of events, patients in the
DES group experienced more frequently recurrence of multiple
events. This may be due to the presence in this group of patients of
a more complex anatomical situation (more diseased vessels, more
complex lesions) leading to more non-fatal events (AMI and TVR). A
reduction of the clinical benefit of DES in respect to BMS after the
first year of follow-up was reported also in the ERACI IlI registry®.
In this registry, BMS and DES costs resulted less than those
reported in the literature!®??, with less difference between the two
types of stents and a progressive reduction of costs over time. Even
with a reduced cost of 12 months follow-up, patients treated with
DES consumed more resources than those treated with BMS. This,
in conjunction with a higher initial cost, leads to a higher final cost
for the groups DES and MIX in comparison to BMS group.

Previous cost-efficacy analyses of the Sirius'® and Taxus® studies
showed an acceptable incremental cost (threshold of standard cost-
efficacy for any avoided TVR of 10,000 USD), but observational
registry studies with unrestricted DES utilisation®! demonstrated that
DES could not result cost efficacious, at least until a buy price of or
more than 1,336 Euros. Randomised studies in unselected
patients??* showed better clinical and cost-efficacy ratio results in
high risk patients. Our experience confirms the better economical
acceptability of DES when employed in patients at high risk of TVR,
with an high probability to avoid one MACE for an expense threshold
of 20,000 Euros (Figures 3-5). Moreover, it is of note that in patients
at low risk for TVR, there were not only higher costs, but also a
possible negative effect on clinical events (Table 5). Lastly, exclusive
DES utilisation in respect to a mixed approach did not produce any
advantage even in the high risk subgroup, in the presence of
increased costs. So our study favours appropriateness of a mixed
approach (DES utilisation only in lesions at high risk of restenosis)
also from a cost-efficacy perspective.

This study has several limitations. It is observational, not
randomised and so the numerous and obvious differences in the
clinical, angiographic and procedural characteristics among the
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three groups have been addressed with the statistical methodology
of propensity score adjustment. This may not be sufficient to
overcome the basal imbalance, even with good calibration and
predictivity values of the model employed.

To correct for the observational nature of the study, cost-
effectiveness analysis has been conducted employing statistical
matching of homogeneous subgroups that are obviously only a part
of the total study population. Group comparison prior to and post
matching showed a good balance of patient populations, with few
residual differences, notably reduced in magnitude, regarding
dyslipidemia, Cx or RCA as treated artery, total lesion length and
total stent length (data not shown).

Cost calculation is heavily influenced by local situations, length of
stay, and centres’ volume of activity. To minimise these variables we
employed the PCI DRG reimbursement as a standard, adding the
costs for the type and the number of stents employed. Even with the
limitation of the applicability to other realities, our analysis has the
advantage of considering DES and BMS costs more updated in
respect to those considered in other published studies, and of a
concomitant and prolonged clopidogrel therapy.

Economical acceptability curves clearly indicate the probability of
DES to become cost-effective in relation to different expenses
thresholds. The threshold of 20,000-30,000 Euros for any avoided
MACE is arbitrary, but intermediate between that considered for any
avoided TVR (in general 10,000 USD) and that for quality-adjusted
life year (QALY) (in general 50,000 USD). Being the study
retrospective, we lack data about quality of life and calculations of
incremental cost for QALY, considered the gold standard of cost-
efficacy analysis®.

Conclusions

In this real-world multivessel PCI registry, DES were used in 55% of
patients, mainly in patients and in lesions at a higher risk of TVR.
The major clinical advantages and a reasonable cost-efficacy of
DES were seen only in the subgroup of patients at high risk of TVR.
In multivessel PCl, exclusive DES utilisation did not lead to any
clinical advantage and had higher costs in respect to a mixed
approach at two years.
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