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Abstract

Objectives—To evaluate the efficacy and safety of drug-eluting stents (DES) when compared
with bare metal stents (BMS) in patients with moderate to severe calcified coronary lesions.

Background—~Calcified coronary lesions present unique technical challenges during
percutaneous coronary intervention (PCI) and it is not known if drug eluting stents (DES) are as
safe and as effective in the presence of calcium, as randomized trials typically exclude this
common patient subset.

Methods—We evaluated patients with PCI of a single calcified lesion enrolled across five
recruitment waves in the NHLBI Dynamic Registry between 1997 and 2006. Patients were
divided into two groups based on the stent type- BMS and DES. The primary efficacy outcome
was the need for repeat revascularization at 1 year and the primary safety outcome was a
composite of death and myocardial infarction at 1 year.

Results—Among the 1537 patients included in the analysis, 884 (57%) underwent PCI with
BMS and 653 (43%) with DES. DES use was associated with a significant reduction in the risk of
repeat revascularization (10.0% vs. 15.3%; p = 0.003) with no significant higher risk of primary
safety outcome (9.3% vs. 10.5%; p = 0.45) when compared to the BMS group. In a propensity
score adjusted analysis, DES use was associated with a significantly lower risk in repeat
revascularization (HR = 0.57, 95% CI 0.40-0.82; p = 0.002) and no significant difference in the
risk of death and myocardial infarction (HR = 0.78; 95% 0.53-1.15; p = 0.20) compared to BMS

group.
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Conclusion—In this large multicenter registry of patients with a moderate to severe calcified
coronary lesion, use of DES compared to BMS was associated with significant reduction in the
risk of repeat revascularization without any increase in death and myocardial infarction.
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INTRODUCTION

Calcified coronary lesions present unique challenges for percutaneous coronary intervention
(PCI) with a smaller final lumen diameter and less acute lumen gain with stenting, when
compared to non-calcified lesions (1). Furthermore, there is a risk for stent under expansion,
a lower procedural success rate and a more frequent rate of acute complications, such as
acute dissection, as well as a greater propensity for restenosis (1,2).

Drug eluting stents (DES) have revolutionized the field of interventional cardiology by
preventing or delaying neointimal hyperplasia and thereby effectively lowering the rate of
restenosis following coronary intervention (3). However, data on efficacy of DES in the
presence of calcium are limited. The pilot and pivotal studies of DES have routinely
excluded this patient subset, though in the real-world setting DES continues to be used on an
off-label basis for this lesion subset. Despite the dramatic early efficacy of DES in reducing
restenosis compared with bare metal stents (BMS) (4,5), there is concern that DES might
lead to higher rates of stent thrombosis (6). Moreover, given the technical challenges in
treating calcified lesions with greater propensity for under-deployment of stents, the safety
of DES in this setting is not well defined.

The objectives of the present study were to assess the efficacy and safety of DES in
comparison to BMS in a real-world cohort of patients undergoing PCI for a moderate to
severe calcified lesion, enrolled in the National Heart, Lung and Blood Institute (NHLBI)
sponsored Dynamic Registry.

METHODS

The NHLBI Dynamic Registry is a multicenter registry of 17 centers in North America.
Recruitment of consecutive patients undergoing PCI was completed during pre-specified
time intervals or “waves”. Informed consent was obtained from each patient and the
institutional review board at each center approved the study. Five recruitment waves of
approximately 2000 patients each have been enrolled and followed over the past 10 years to
examine trends in PCI (wave 1: 1997 to 1998, 2524 patients; wave 2; 1999, 2105 patients;
wave 3: 2001 to 2002, 2047 patients; wave 4: 2004, 2112 patients; and wave 5: 2006, 2178
patients). Data on baseline demographic, clinical, angiographic, procedural characteristics
and discharge medication during the index PCI were collected for each patient. Patients
were followed for the occurrence of death, myocardial infarction, stroke, need for coronary
artery bypass grafting (CABG) and repeat PCI during index hospitalization and at 1 month,
6 month and 1 year post-intervention. Follow-up rates at 1 year were at least 90% for all
waves. If patients underwent subsequent PCI, vessel-specific and lesion-specific data were
collected whenever possible to determine target-vessel revascularization.

Study Population

For this analysis, consecutive patients who received PCI with a stent, for the treatment of a
single moderate to severe calcified lesion during index PCI were included. Lesions were
reported as “calcified” if the operator identified calcification on fluoroscopy. Of the 10,966
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patients enrolled, 3133 (29%) patients had calcified lesions. Of these, 1161 patients who had
PCI attempted to more than one lesion were excluded from this study to avoid a
contamination effect of non-calcified lesions. During the recruitment of patients enrolled in
waves 1-3 (1997 to 2002), only BMS were available while DES were available for use in
patients recruited in waves 4 and 5 (2004 and 2006). However only a minority of patients in
the most recent recruitment waves received BMS, and because of the evidence of a large
selection bias (i.e., more cardiogenic shock in patients with bare-metal stents), patients in
waves 4 and 5 who received BMS alone or BMS and DES were excluded to minimize
ambiguity in the results. Thus, the total study population consisted of 1537 patients- BMS
group from waves 1-3 (n=884) and DES group from waves 4-5 (n=653) (Figure 1).

We evaluated primary safety outcome of death (all-cause) or myocardial infarction and
primary efficacy outcome of repeat revascularization (PCI or CABG). Secondary outcomes
were individual components of the primary outcomes considered separately.

Repeat revascularization was defined as the combined end point of repeat PCl or CABG
during the follow-up period. Repeat PCI was defined as any non-staged repeat PCI in the
follow-up period, and included revascularization of target lesions and target vessels. The
outcomes were evaluated at 30-day and 1-year follow-up. In-stent thombosis was defined as
recurrent ischemia with angiographic documentation of total stent occlusion, i.e., definite
stent thrombosis based on ARC criteria. Angiographic success was defined as attempted
lesions with post PCI stenosis <50% and the difference post — pre stenosis >=20%.
Procedural success was defined as angiographic success without death, Q-wave Ml or
emergency CABG.

Statistical Analysis

The study cohort was initially divided into two groups based on the treatment strategy of the
index PCI- BMS group and DES group. Patient baseline demographic characteristics,
cardiac risk factors, cardiac presentation, periprocedural medications, angiographic and
procedural characteristics were compared between device groups with the use of Wilcoxon
rank-sum test for continuous variables and the chi-square test or Fisher’s exact test for
categorical variables. Cumulative 30-day and one-year incidence rates of primary and
secondary outcomes were estimated by the Kaplan—Meier method and tested by the log-rank
statistic.

To adjust for the bias inherent to the selection of device, propensity scores were used.
Propensity analysis aims to identify patients with similar probabilities of device type on the
basis of observed clinical characteristics (7,8). With the use of a multivariable logistic
regression model that includes basic risk parameters as the independent variables, the
probability of a patient being assigned to the device group was determined. The following
baseline clinical characteristics were considered in a multivariate probit model to define a
propensity score -1. Baseline risk factors- age, sex, prior percutaneous procedures, prior
CABG, prior myocardial infarction, cerebrovascular, renal, peripheral vascular disease,
cancer, diabetes, heart failure, hypertension, hypercholesterolemia. 2. Presentation details-
reason for revascularization, cardiogenic shock, acuity. 3. Lesion characteristics- vessel
disease, any total occlusions, number of significant lesions, lesion location, lesion length,
diameter stenosis, TIMI flow before procedure, evidence of thrombus, high-risk lesion, final
percent stenosis, and 4. Medications within 24 hours of the procedure- aspirin, clopidogrel/
ticlopidine and usage of glycoprotein Ilb/I11a. The risk of primary and secondary outcomes
was evaluated after adjusting for the propensity score.
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All statistical analyses were performed with the use of SAS software, version 9.1. A two-
sided P-value of 0.05 or less indicated statistical significance.

Among the 1537 patients with a single moderate to severe calcified lesion included in this
study, 884 (51%) patients underwent PCI with BMS and 653 (37%) patients with DES.

Baseline characteristics

Baseline demographic, clinical, angiographic and procedural characteristics are summarized
in tables 1-3. When compared to patients receiving BMS, the DES group were older, had a
higher prevalence of cardiac risk factors, including diabetes, hypertension,
hypercholesterolemia, prior CABG surgery, prior PCI procedures, as well as a higher
prevalence of severe non-cardiac concomitant disease (cerbrovascular, renal and peripheral
vascular disease) (Table 1). The percentage of patients with prior myocardial infarction was
lower in patients receiving DES. The frequency of DES patients presenting with stable/
unstable angina was lower but a higher percentage of these patients were treated with a
thienopyridine or a glycoprotein I1b/ll1a receptor antagonist at the time of PCI. Triple vessel
disease was more common among patients treated with DES compared to BMS (Table 2).
The majority of treated lesions were in the left anterior descending coronary artery in both
groups. When compared to lesions treated in the BMS group, the intervened lesions in the
DES patients were more often type C, smaller in mean reference vessel size, longer in mean
length with lower use of rotational atherectomy and lower in final mean percentage stenosis
(Table 3). Of note, intravascular ultrasound was used in 15% of patients.

Procedural Complications

Overall, there was a high angiographic success rate (99.7% vs. 99.4%; p = 0.45), with a
higher procedural success rate (99.7% vs. 98.0%; p = 0.003) in the DES group when
compared to BMS (Table 3). Major dissections occurred in 6.3% lesions during stent
implantation and the incidence was significantly higher among lesions treated with BMS as
compared to lesions treated with DES (8.8% vs. 2.9%) (Table 3). A small number of
dissections persisted after stent placement (0.6% and all treated with BMS). Abrupt vessel
closure occurred in 0.8% of patients (all BMS), all of which was transient.

30-day outcomes

The follow-up rate for 30 day outcomes was 96.5%. The incidence of the primary safety
outcome of death or myocardial infarction was similar by stent group (4.4% vs. 2.9%; P =
0.14) (Table 4). In a propensity score adjusted analyses, DES usage was associated with a
reduction in 30-day death/myocardial infarction (HR = 0.53, 95% CI = 0.28-1.01; p = 0.05),
compared to the BMS group.

Similarly, in the unadjusted analyses, the incidence of the primary efficacy outcome of
repeat revascularization was no different between the two stent groups (Table 4). In the
propensity score adjusted analyses, there was no difference in the risk of 30-day repeat
revascularization (HR = 0.55, 95% CI = 0.22-1.39; p = 0.20).

1-year Outcomes

The follow-up rate for 1-year outcomes was 96.7%. The cumulative one-year incidence of
the primary safety outcome was no different between the BMS or the DES patient groups
(10.5% vs. 9.3%; p = 0.45) (Figure 2), with no difference in the incidence of both death or
myocardial infarction (Table 4). Similarly, in a propensity score adjusted analyses, DES
usage was as safe as compared to BMS (HR =0.78, 95% CI = 0.53-1.15; p = 0.20), with no
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difference in the risk of death (HR =0.73, 95% CI = 0.40-1.32; p = 0.30) or myocardial
infarction (HR = 0.81, 95% CI = 0.49-1.36; p = 0.43) compared to the BMS group.

Moreover, in the unadjusted analyses, the incidence of the primary efficacy outcome of
repeat revascularization was significantly lower with DES compared to BMS (Figure 3). In
the propensity score adjusted analyses, there was a 43% reduction in the risk of repeat
revascularization (HR = 0.57, 95% CI = 0.40-0.82; p = 0.002) in favor of DES group when
compared to the BMS group. We also assessed the predictors of repeat revascularization in a
multivariable model. DES usage was associated with a 40% reduction (HR = 0.60; 95% CI
0.43-0.85; p = 0.003) in the risk of repeat revascularization when compared with BMS in a
model controlling for age, gender, diabetes status, hypertension, triple vessel disease,
unstable angina at presentation, attempted ulcerated lesion, attempted tortuous lesion, ostial
lesion, long acting nitrates and clopidogrel at discharge.

Rotational Atherectomy and Stenting

Among the 1537 stented patients, 116 (7.5%) underwent rotational atherectomy prior to
stenting. There was no difference in primary efficacy and safety outcomes regardless of the
use of rotational atherectomy (data not shown).

Stent Thrombosis

The data on stent thrombosis was collected only from waves 4 and 5. In patients with a
calcified lesion treated with DES, the rate of stent thrombosis was 0.64% which was no
different from the stent thrombosis rate in patients with non-calcified lesions (0.62%; p =
0.97). However, we do not have data on stent thrombosis in waves 1-3 and hence no direct
comparison could be made between the DES and BMS groups.

DISCUSSION

The results of the present study showed that PCI of moderate to severe calcified lesion with
DES is safe and is associated with a significant reduction in the risk for repeat
revascularization when compared to PCI with BMS. The results remained even after
adjusting for a propensity score that incorporated important variables.

Calcified Coronary Lesions

Calcified coronary lesions represents an advanced stage in the atherosclerotic process
whereby a soft plaque is converted to a fibrocalcific plaque. Treatment of calcific lesions is
challenging with higher rates of procedural failure, stent under-deployment, lower post-
procedural minimal luminal diameter and acute gain and elevated risk of restenosis (1,2). In
the percutaneous transluminal angioplasty era, presence of lesion calcification was a
significant predictor of major complications (9).

Contemporary stent trials have traditionally excluded patients with calcified lesions. The
resistant calcific lesion may prevent complete stent expansion. Moreover, neointimal
hyperplasia is mainly a function of smooth muscle cells migrating from the media into
intima, resulting in restenosis within stents. Drug eluting stents have largely reduced the risk
of restenosis by reducing neointimal hyperplasia due to smooth muscle cell proliferation. In
calcific lesions however, the cellular component (including smooth muscle cells) are vastly
reduced and hence the neointimal hyperplasia component of restenosis might be small. The
efficacy of DES in this setting is therefore questionable.
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Bare Metal Stents for Calcified Lesions

Most of the data on the efficacy and safety of BMS for calcified lesions is derived from
small non-randomized studies. The largest series of 540 patients by Mosseri et al. showed a
high rate of target lesion revascularization-TLR (19.6%) and major adverse cardiac events
(MACE- death, myocardial infarction, TLR, any revascularization) (26.2%) (10). Similarly,
the Taxus 1V substudy of 126 BMS patients with moderate to severe calcification on
fluoroscopy found an incidence of TLR of 11.9% with MACE of 16.8% (11). Finally, in a
small series of 41 patients with superficial calcification >60 degrees on IVUS, Seo et al.
showed a similar high rate of TLR (19.5%) and MACE (24.4%) (12). Our results, obtained
from 884 patients with BMS, a sample size greater than all the above three studies
combined, showed a similar high rate of repeat revascularization and of death/Ml/repeat
revascularization (22.4%).

Drug Eluting Stents for Calcified Lesions

The data on DES for calcified lesions are even more sparse. Li et al. evaluated 135 patients
with calcified lesions (defined as any calcification on angiography) treated with DES
(sirolimus-eluting stent) and reported an incidence of TLR of 6.9% at 8 months follow-up,
which was not different from the non-calcified control group (13). Kawaguchi et al.
evaluated 152 patients with moderate or severe calcification on fluoroscopy treated with a
sirolimus-eluting stent and showed a low rate of TLR (7.3%) and MACE (13.8%) at 12
months (14). Similarly, in the Taxus 1V substudy of 121 pateints receiving paclitaxel-eluting
stents, low rates of TLR (5.1%) and MACE (11.8%) were reported (11). Our study of 653
DES patients, a sample size more than all the above studies combined together, showed a
similar low incidence of repeat revascularization (10%) and death/Ml/repeat
revascularization rates (16.4%). Similarly, the theoretical concern of risk of stent thrombosis
was not seen, with an incidence of stent thrombosis in the DES patients of 0.64%, which
was comparable to DES stent thrombosis rates for non-calcified lesions, though there was no
direct comparison between the DES and BMS arms.

DES vs. BMS for Calcified Lesions

To our knowledge only two studies have compared the outcomes of DES and BMS in
patients with calcified lesions. Seo et al. compared 41 BMS patients with 38 DES patients
and showed a lower rate of TLR (19.5% vs. 7.9%) and MACE (24.4% vs. 7.9%) with DES
at 9 months follow-up. Similarly, in the Taxus IV substudy with 126 BMS patients against
121 DES patients, reported a lower rate of TLR (11.9% vs. 5.1%) and MACE (16.8% vs.
11.8%) with DES at 12 months follow-up. In our study, the largest series thus far, the DES
patients, despite being a significantly higher risk group than other published studies, showed
similar safety as the BMS group but at the same time was more efficacious at preventing
repeat revascularization. This was true even in a propensity score adjusted analysis.

In our study, in a subgroup analyses of stenting with or without rotational atherectomy, there
was no beneficial effect of rotational atherectomy for either efficacy or safety outcomes.
However, prior studies have shown better outcomes with rotational atherectomy and stenting
compared to stenting alone or rotational atherectomy and balloon angioplasty alone (15).
Rotational atherectomy and stenting, however, was performed in only 7.5% of our patients
and thus our analysis was limited by a small sample size. Moreover, it is possible that the
decision to use rotational atherectomy was based on the degree of calcification, which was
not assessed in this study.
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Study Limitations

This study was not a randomized trial and therfore the findings could be influenced by
unrecognized confounders. We tried to adjust for this by using a propensity adjusted
analysis but we can not exclude an impact of unmeasured variables. However, it is still the
largest series to-date comparing real-world patients from multiple centers across America.
Given that the Dynamic Registry enrolls unselected patients, it is often difficult to track TLR
because patients could have undergone multiple procedures prior to as well as after their
index PCI. Rather, the lesion location data were collected on a segment basis. In addition,
patients were recuited over time and changes in practice (including medical management)
could have influenced the outcome. The identification of lesion calcification did not
mandate intravascular ultrasound examination and hence we do not have data on the location
(superficial vs. deep) or the extent of calcification. Calcification on fluoroscopy is specific
but less sensitive and hence patients with calcification not identified by fluoroscopy might
have been excluded. In addition, the dynamic registry does not have a angiographic core
laboratory analysis of angiograms and no routine follow-up angiography were performed.

Conclusions

In this largest series to date, DES implanted in patients with moderate to severe calcified
lesion was safe and was associated with a significant reduction in the risk of repeat
revascularization compared to patients receiving BMS. Further randomized trials are needed
to fully explore the role of DES in patients with calcified coronary lesions.
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Figure 1.
Patient selection.
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Figure 2.

1-year primary safety outcome (death/myocardial infarction) between patients treated with a
drug eluting stent (DES) when compared to those treated with a bare metal stent (BMS).
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Figure 3.

1-year primary efficacy outcome (repeat revascularization) between patients treated with a
drug eluting stent (DES) when compared to those treated with a bare metal stent (BMS).
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Table 1
Demographics and Baseline Risk Factors
Parameter BMS DES P-Value
(N=884) (N=653)
Mean age (yrs) 66 67 0.03
Female, % 39.9 36.3 0.15
White, % 86.2 80.2 0.01
Mean Body Mass Index (kg/m?) 28.4 29.0 0.16
Diabetes, % 27.4 36.1 <0.001
Hypertension, % 65.5 83.1 <0.001
Hypercholesterolemia, % 62.8 81.0 <0.001
Never Smoked, % 34.2 33.0 0.88
Prior Myocardial Infarction, % 338 26.9 0.004
Known Heart Failure, % 11.9 12.7 0.67
Prior Coronary Artery Bypass Surgery, % 13.1 224 <0.001
Prior Percutaneous Procedure(s), % 23.7 33.7 <0.001
DS/evere Non-Cardiac Concomitant Disease, 37.1 44.4 0.004
(]
Cerebrovascular, % 6.7 10.6 0.006
Renal, % 5.2 10.6 <0.001
Peripheral Vascular Disease, % 7.3 11.1 0.01
Pulmonary, % 9.4 10.0 0.71
Cancer, % 8.8 9.2 0.80
Other, % 12.8 13.1 0.89

*
Denotes significance across groups. BMS = bare metal stent; DES = drug eluting stent.
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Table 2
Presentation and Angiographic Characteristics
Parameter BMS DES P-Value
(N=884) (N=653)

Stable Angina, % 28.0 23.0 0.03
Unstable Angina, % 39.8 32.0 0.002
Acute Myocardial Infarction, % 23.2 25.4 0.32
Cardiogenic shock, % 2.0 15 0.46
Elective Procedure 63.3 61.4 0.65
Medications <24hrs Prior to or During
Procedure

Aspirin, % 93.7 914 0.09

Clopidogrel and/or Ticlopidine, % 68.7 86.1 <0.001

GP lIb/llla Receptor Antagonist, % 317 36.6 0.04
Abnormal Left Ventricular Function, % 27.2 28.3 0.68
Ejection Fraction, mean, median 54.0,55 52.9,55 0.41
Vessel Disease (>=50% stenosis), % <0.001

0 0.1 0.2

1 42.7 29.7

2 325 32.6

3 24.7 375
Technically Amenable to Complete 87.1 77.0 <0.001
Revascularization with CABG, %
Technically Amenable to Complete 80.1 84.8 0.02

Revascularization with PCI, %
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*
Denotes significance across groups. BA = balloon angioplasty; BMS = bare metal stent; CABG = coronary artery bypass graft surgery; DES =
drug eluting stent; PCI = percutaneous coronary intervention.
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Table 3
Procedural Characteristics
Parameter BMS DES P-Value
(N=884) (N=653)

Lesion location, % 0.16

Left Main Coronary Artery 1.6 2.1

Left Anterior Descending Artery 452 435

Left Circumflex Artery 17.4 20.7

Right Coronary Artery 31.9 315

Graft 3.8 2.1
TIMI Grade 0/1 pre-procedure 14.5 115 0.02
ACC/AHA Lesion Classification, % <0.001

A 6.7 6.5

B1 21.8 23.4

B2 48.8 35.2

C 22.6 349
Reference Vessel Size, mean, median 32,3 3.1,3 <0.001
Lesion Length, mean, median 13.3,12 18.8,15 <0.001
Diameter % Stenosis, mean, median 86.0,90 85.2,90 0.004
Total Occlusion, % 10.6 9.3 0.41
Rotational Atherectomy, % 10.9 4.0 <0.001
TIMI Grade 0/1 Post-Procedure, % 0.1 0.2 0.34
Llj;esion Deemed Successful by Operator, 99.3 99.2 0.84

(]

Angiographic Success, % 99.4 99.7 0.45
Procedural Success, % 98.0 99.7 0.003
Final % Stenosis, mean, median 3.0,0 16,0 <0.001
Major Dissection (During procedure), % 8.8 2.9 <0.001
Major Dissection (Persisted after 0.6 0.0 0.05
procedure), %
Perforation, % 0.1 0.2 0.83
Persistent Flow Reduction, % 1.0 0.9 0.84
Abrupt closure in lab, % 0.8 0.0 0.02
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*
Denotes significance across groups. ACC = American College of Cardiology; AHA = American Heart Association; BA = balloon angioplasty;
BMS = bare metal stent; DES = drug eluting stent; TIMI = Thrombolysis In Myocardial Infarction.
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30-day and 1 year Efficacy and Safety Outcomes

Table 4

Parameter BMS

DES
(N=884) (N=653)

P-Value

30-Day Outcomes

Primary Safety Outcome (Death/ Myocardial 4.4
Infarction )

Primary Efficacy Outcome (CABG/repeat PCI) 25
1-year Outcomes

Primary Safety Outcome (Death/ Myocardial 10.5
Infarction )
Death 49
Myocardial Infarction 5.8

Primary Efficacy Outcome (CABG/repeat PCI) 15.3

2.9

14

9.3

3.9
5.6
10.0

0.45

0.35
0.90
0.003
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BA= balloon angioplasty; BMS = bare metal stent; CABG = coronary artery bypass graft surgery; DES = drug eluting stent; PCI = percutaneous

coronary intervention.
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