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Abstract

Background—The contemporary need for repeat revascularization in older patients after

percutaneous coronary intervention (PCI) has not been well studied. Understanding repeat

revascularization risk in this population may inform treatment decisions.

Methods—We analyzed patients ≥65 years old undergoing native-vessel PCI of de novo lesions

from 2005 to 2009 discharged alive using linked CathPCI Registry and Medicare data. Repeat

PCIs within 1 year of index procedure were identified by claims data and linked back to CathPCI

Registry to identify target vessel revascularization (TVR). Surgical revascularization and PCIs not

back linked to CathPCI Registry were excluded from main analyses but included in sensitivity

analyses. Independent predictors of TVR after drug-eluting stent (DES) or bare-metal stent (BMS)

implantation were identified by multivariable logistic regression.

Results—Among 343,173 PCI procedures, DES was used in 76.5% (n = 262,496). One-year

TVR ranged from 3.3% (overall) to 7.1% (sensitivity analysis). Precatheterization and additional

procedure-related TVR risk models were developed in BMS (c-indices 0.54, 0.60) and DES (c-

indices 0.57, 0.60) populations. Models were well calibrated and performed similarly in important

patient subgroups (female, diabetic, and older [≥75 years]). The use of DES reduced predicted

TVR rates in high-risk older patients by 35.5% relative to BMS (from 6.2% to 4.0%). Among low-
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risk patients, the number needed to treat with DES to prevent 1 TVR was 63–112; among high-

risk patients, this dropped to 28–46.

Conclusions—In contemporary clinical practice, native-vessel TVR among older patients

occurs infrequently. Our prediction model identifies patients at low versus high TVR risk and may

inform clinical decision making.

Despite several decades of technological innovation, restenosis after percutaneous coronary

intervention (PCI) remains a challenge. Compared with bare-metal stents (BMS), drug-

eluting stents (DES) are associated with significantly reduced rates of restenosis.1 The

uptake of DES was rapid after its introduction in 2003, with DES use peaking at 90% of PCI

procedures in 2005.2 Current rates of DES use, however, are lower, having been tempered

by concerns over (1) the need for prolonged dual antiplatelet therapy, which increases the

risk for bleeding, medication nonadherence, and stent thrombosis; (2) the complication of

very late stent thrombosis associated with DES3,4; and (3) higher technological cost.5,6

Consequently, there is growing interest in identifying patients for whom the risk of selective

DES use may be acceptable.

Stent choice is especially important among the growing older US patient population. The

past decade has witnessed a marked expansion in the use of PCI in older persons,7 with

patients ≥65 years old now representing almost 40% of PCI procedures in the United

States.8 However, restenosis or the need for target vessel revascularization (TVR) after PCI

has not been well studied in older patients. Although some studies using Centers for

Medicare & Medicaid (CMS) data have looked at overall revascularization rates, these

studies did not have access to detailed clinical data, nor could they accurately determine

TVR.6,9,10 Importantly, the use of DES in older patients is challenged by the significantly

higher risk for post-PCI bleeding, particularly among those on prolonged dual antiplatelet

therapies.11,12 From a financial perspective, the added costs of DES result in an overall net

addition to national health care expenditures in Medicare beneficiaries.5 To date, studies

have examined the financial impact of DES for the “average” patient but have not looked at

the potential benefits and costs in low- or high-risk patient subgroups.13

Using clinical and procedural data from the National Cardiovascular Data Registry CathPCI

Registry linked with longitudinal data from CMS, we sought to (1) examine the overall rate

of TVR after PCI, (2) identify predictors of TVR, and (3) examine the number needed to

treat (NNT) for DES use in low- versus high-predicted TVR risk subgroups among patients

≥65 years old.

Methods

Data sources

Clinical and procedural data for our study were from the CathPCI Registry, which has been

previously described.8,14 The CathPCI Registry is an initiative of the American College of

Cardiology Foundation and The Society for Cardiovascular Angiography and Interventions

and is the largest PCI registry in the United States, capturing ~85% of PCI procedures

performed at >1,400 hospitals.8 Longitudinal revascularization outcomes were identified

from administrative inpatient Medicare data.
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Study population

We identified CathPCI Registry patients ≥65 years old undergoing PCI from January 2005

to June 2009, linked to CMS data based on indirect identifiers—a process that has been

previously described.15 We excluded patients who did not receive a stent, who received both

BMS and DES, and who either died or underwent coronary artery bypass graft (CABG)

surgery during their index hospitalization. Because of heterogeneity in operator descriptions

of bypass graft targets, we did not include index PCI procedures performed in graft lesions.

Patients presenting with ST-segment elevation myocardial infarction (STEMI) or

undergoing PCI of previously treated lesions were also excluded due to potential differences

in restenosis risk and predictors of TVR.

Outcomes and definitions

Our primary outcome was TVR within 1 year of the index procedure. Repeat

revascularization procedures were identified from CMS claims and linked back to CathPCI

Registry data to examine procedural details. We defined TVR as repeat PCI performed in a

vessel that was treated during the index admission. Our primary definition of TVR did not

include CABG, nor did it include repeat revascularizations that could not be linked back to

the CathPCI Registry. Patients who died within 1 year after the index PCI were included in

our analysis. If a TVR procedure was performed before death, then the patient was included

in the TVR group; otherwise, the patient was counted in the “no TVR” group. Standardized

definitions for CathPCI Registry version 3.04 data variables included in our analyses can be

found online at www.ncdr.com/webncdr/cathpci/home/datacollection.

Statistical analysis

We explored bivariate associations of TVR with clinically relevant pre-PCI clinical and

procedural variables. Baseline clinical and angiographic characteristics were described

according to TVR status and summarized as counts and percentages for categorical variables

and means with SDs and median with interquartile ranges for continuous variables.

Differences between groups were compared using χ2 and Wilcoxon rank tests for categorical

and continuous variables, respectively.

We identified predictors of TVR using multivariable logistic regression in a random

selection of two-thirds of the sample population (development cohort). Primary model

development was performed separately among patients receiving BMS or DES. Within each

population (BMS or DES), 2 models were developed based on (1) precatheterization-only

variables (“pre-catheterization model”) and (2) precatheterization plus coronary anatomy

and procedure-related variables (“procedural model”). The following demographic and

clinical variables were included in both models: age, female sex, race/ethnicity, body mass

index, smoking status, hypertension, dyslipidemia, cerebrovascular disease, peripheral artery

disease, insulin-treated diabetes, non–insulin-treated diabetes, prior myocardial infarction

(MI), prior PCI, prior CABG, prior congestive heart failure (CHF), current CHF, New York

Heart Association class, hemodialysis, glomerular filtration rate, presentation symptoms

(nonacute coronary syndrome: no angina, atypical chest pain, stable angina; non–ST-

segment elevation acute coronary syndrome [NSTE ACS]: unstable angina or non-STEMI

[NSTEMI]), and PCI indication (elective, urgent, emergent/salvage). Additional variables in
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the procedural model included bifurcation lesion, target vessel, number of intervened

vessels, minimum stent diameter (per mm increase), and total stent length (per mm

increase). Although several of these variables are technically post-PCI, they serve as proxies

for information that can be estimated from the diagnostic angiogram and may not otherwise

be available in the CathPCI Registry. In each model, we used cubic spline plots to explore

the linearity of continuous variables and identified independent predictors of TVR via

backward variable selection, with a cutoff of P < .05 to remain in the model.

Models were validated by applying model coefficients to the remaining one-third sample

population (validation cohort). Model discrimination was assessed with the c-index, and we

evaluated model calibration by plotting predicted versus observed rates of TVR within

deciles of predicted TVR risk and testing the difference with the Hosmer-Lemeshow

goodness-of-fit test. We next examined the performance of our models developed in the

overall BMS or DES populations among respective subgroups of women, diabetic patients,

and patients ≥75 years old. In addition, patients receiving BMS were classified by tertile of

predicted TVR risk (low, moderate, high) using the procedural BMS model. Predicted TVR

risk in these patients was also determined using the procedural DES model. From these data,

we calculated the NNT with DES versus BMS to prevent 1 TVR event among patients

within each tertile of TVR risk.

Finally, we performed additional sensitivity analyses. Analyses were repeated after revising

our definition of TVR to include the following groups in addition to patients already

included in our main analysis: (1) patients undergoing CABG within 1 year of the index

procedure and (2) patients for whom repeat revascularizations within 1 year of the index

procedure could not be linked back to CathPCI Registry data. We also developed

precatheterization and procedural models in the combined BMS and DES populations

including patients presenting STEMI and undergoing PCI of previously treated lesions.

Statistical significance was defined for all analyses as P < .05, and all analyses were

performed at the Duke Clinical Research Institute using SAS version 9.2 (SAS Institute,

Cary, NC).

Results

From 918,337 admissions among patients ≥65 years old, we excluded inhospital deaths (n =

16,844), CABG performed during the index admission (n = 10,973), procedures without

stent implantation (n = 66,693), and PCIs using both DES and BMS (n = 32,194) (Figure 1).

We excluded patients from hospitals without any CMS-matched admissions (n = 5,433),

patients ineligible for Medicare fee-for-service during the follow-up year (n = 27,569),

admissions that could not be linked to CMS (n = 275,831), nonindex admissions (n =

50,122), repeat 1-year revascularizations identified in CMS that could not be back linked to

CathPCI Registry (n = 18,514), and CABG procedures within 1 year of index hospitalization

(n = 212). Patients presenting with STEMI (n = 51,620) or undergoing PCI of previously

treated lesions (n = 19,159) were also excluded.

Among the 343,173 PCI admissions included in our final analysis population, 3.3% (n =

11,217) of patients had TVR within 1 year of the index PCI, and DES was used in 76.5% (n
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= 252,494) of overall procedures. Table I shows baseline patient and procedural

characteristics stratified according to TVR status. Compared with patients who had no TVR,

patients with TVR had more comorbidities (including hypertension, diabetes, and prior MI),

had more prior coronary revascularization, and more often presented with NSTE ACS.

Patients with TVR also had more multivessel disease, were treated more frequently with

stents of smaller diameter and longer length, and more often underwent BMS implantation.

Predictors of TVR

Significant predictors of TVR from each model are listed in Tables II and III. Using only

precatheterization variables in the BMS model, we determined that the 3 strongest predictors

of TVR based on model χ2 values were insulin-treated diabetes, non–insulin-treated

diabetes, and history of prior PCI. After adding procedural characteristics into the BMS

model, smaller stent diameter, multivessel PCI, and longer stent length were the greatest

predictors of TVR. Among the DES population (Table III), the 3 precatheterization variables

with the highest χ2 values were history of prior PCI, older age, and insulin-treated diabetes.

Yet, in the procedural DES model, multivessel PCI, smaller stent diameter, and history of

prior PCI were the strongest TVR predictors.

Model development and validation

Model performance was assessed in the main BMS and DES validation cohorts as well as

several prespecified subgroups. The overall discriminatory capability of the models was

modest, whereas model calibration was excellent (Figure 2A and B). The discrimination of

the precatheterization models (BMS and DES c-indices 0.54 and 0.57, respectively)

improved incrementally with the addition of catheterization and procedural variables (BMS

and DES c-indices 0.60 and 0.62, respectively). Precatheterization and procedural models

performed similarly among female, diabetic, and older (≥75 years old) patients receiving

BMS or DES (Table IV).

Estimated TVR benefit according to patient risk and stent type

Patients receiving BMS were grouped according to tertile of predicted TVR risk using the

BMS procedural model as follows: low (mean 2.5%, range 0.4%–3.2%), moderate (mean

3.8%, range 3.2%–4.5%), and high (mean 6.2%, range 4.5%–29.8%). Compared with

patients in the low-risk group, the likelihood of TVR was higher for patients at moderate

(odds ratio [OR] 1.5, 95% CI 1.4–1.7) or high (OR 2.6, 95% CI 2.3–2.8) risk. Tertiles of

predicted TVR risk according to the DES procedural model were defined as low (mean

1.6%, range 0.3%–2.0%), moderate (mean 2.4%, range 2.0%–2.9%), and high (mean 4.0%,

range 2.9%–18.2%). Patients in the moderate- and high-risk categories again had a higher

likelihood of TVR compared with those in the low-risk group (OR 1.5, 95% CI 1.3–1.6, and

OR 2.4, 95% CI 2.2–2.7, respectively). In high-risk older patients, the use of DES was

predicted to reduce TVR by 35.5% relative to BMS (from 6.2% to 4.0%). Comparisons of

estimated TVR rates for patients within each tertile based on stent type resulted in absolute

risk reductions (NNT for TVR with DES vs BMS) of 0.9% (112 patients), 1.4% (72

patients), and 2.2% (46 patients) for low-, moderate-, and high-risk tertiles, respectively

(Figure 3A).
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Sensitivity analyses

We performed sensitivity analyses using a broader definition of TVR. The overall estimated

TVR rate increased to 7.1% when we included CABG within 1 year of the index PCI (n =

212) and repeat PCIs within 1 year identified in Medicare data that could not be back linked

to the CathPCI Registry (n = 18,514) as TVR procedures. Nevertheless, this broader TVR

definition did not significantly change our primary results (c-indices: precatheterization

model 0.57, procedural model 0.61 for both BMS and DES models). Using the broader TVR

definition, BMS patients were again classified according to tertiles of predicted TVR risk

using the BMS procedural model (low: mean 5.6%, range 1.2%–7.0%, moderate: mean

8.2%, range 7.0%–9.5%, high: mean 12.4%, range 9.5%–39.9%) or DES procedural model

(low: mean 4.0%, range 1.0%–4.9%, moderate: mean 5.7%, range 4.9%–6.6%, high: mean

8.8%, range 6.6%–33.4%). Compared with patients in the low-risk group, those in the

moderate-(BMS: OR 1.5, 95% CI 1.4–1.6 and DES: OR 1.5, 95% CI 1.4–1.6) and high-risk

(BMS: OR 2.4, 95% CI 2.2–2.5 and DES: OR 2.4, 95% CI 2.2–2.5) groups had higher risk

of 1-year TVR. Under these assumptions, the use of DES versus BMS would reduce TVR

risk (NNT) by 1.6% (63 patients), 2.5% (40 patients), and 3.6% (28 patients) in low-,

moderate-, and high-risk patients, respectively (Figure 3B).

Finally, we developed precatheterization and procedural TVR models in a combined BMS

and DES population and also included patients presenting with STEMI and undergoing PCI

of previously treated lesions (total combined n = 413,952) (online Appendix Supplementary

Table and online Appendix Supplementary Figure). Although there were slight changes in

which factors were most strongly predictive of TVR (online Appendix Supplementary

Table), overall model performance remained unchanged (online Appendix Supplementary

Figure) (c-indices: precatheterization 0.57, procedural 0.63).

Discussion

As the population ages, PCI is increasingly being performed in older patients. In this older

population, the use of DES can reduce the risk of restenosis but is costly and typically

requires prolonged dual antiplatelet therapy, which puts patients at increased risk for

bleeding. Therefore, there has been debate as to whether the risk of repeat intervention

outweighs the safety concerns and associated cost in older patients. In this large national

registry of PCI patients ≥65 years old linked with Medicare claims data, we found that the

overall contemporary rate of TVR at 1 year was low (ranging from 3.3% in the overall

population to 7.1% in a sensitivity analysis). We identified specific demographic, clinical,

angiographic, and procedural variables associated with TVR and developed and validated

clinical prediction models for TVR. Despite low overall risk for TVR in older individuals,

we found that most patients received DES, and DES use varied only modestly among those

with low-versus high-predicted risk for TVR.

Although TVR has represented a clinical interest for decades, our analysis adds to the body

of knowledge accumulated from prior studies. A limited number of previous studies using

Medicare data have examined revascularization after PCI in older patients,6,9,10 yet these

studies were based on administrative data and assumed TVR rates. In contrast, we had

access to index procedure clinical and angiographic data and were able to verify TVR status
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for repeat procedures through back-linking from Medicare to the CathPCI Registry. In

addition, our results were based on national community-based findings as opposed to more

selected single-center or state-wide registries or clinical trials in which follow-up

angiography was protocol driven.

Several explanations may account for the low risk of 1-year TVR in our study. We excluded

CABG as an outcome from our primary analysis, as we were unable to verify whether such

procedures truly represented TVR events (ie, if the bypass graft targeted a vessel that was

stented during the index admission). We also excluded CMS PCI claims that could not be

verified as involving the target vessel in the CathPCI Registry. In secondary analyses, the

overall TVR rate increased to only 7.1% (assuming the extreme case that 100% of these

CABG and unconfirmed repeat PCI procedures represented events involving the incident

vessel), which remains lower than the results in the younger patient population. In our older

population, more conservative use of repeat intervention due to provider concerns about

concomitant comorbidities (eg, renal impairment) and more difficult detection of atypical

restenosis symptoms may partly explain lower TVR rates. Even when symptomatic, older

patients might be less willing to undergo repeat procedures. Finally, advancements in stent

design, improvements in secondary prevention, and better operator stent choice in

contemporary practice may have also contributed to our findings.

Our study also found that relative to BMS, DES is associated with reduced TVR rates at 1

year among older patients undergoing PCI. This is in contrast to a recent analysis among

Medicare beneficiaries in which DES patients experienced minimal difference in

revascularization compared with BMS patients.10 The discrepant findings may be due to a

limitation of the prior study to distinguish TVR from any repeat revascularization and

inclusion of CABG in their revascularization definition. In the absence of contraindications

to dual antiplatelet therapy, the TVR benefit observed in this analysis might support

widespread use of DES over BMS in the older population, especially in high-risk patients

for whom the greatest benefit of DES versus BMS was observed. However, despite a

relative risk reduction of TVR with DES versus BMS, the absolute benefit is small and does

not support indiscriminate DES use, especially among low-and moderate-risk patients.

Therefore, we developed well-calibrated models to predict the need for TVR among older

patients undergoing PCI. Our models were developed in BMS and DES populations

separately to reduce the effect of operator bias when selecting candidates for specific stent

types. Our models were also based on extensive and detailed clinical data from the CathPCI

Registry using standardized data definitions and could easily be implemented at

approximately 1,400 hospitals currently participating in the CathPCI Registry as well as at

nonparticipating institutions. Despite the robust clinical and procedural data used in our

analysis, the discriminatory ability of our models was modest and similar to that seen in

prior work in other populations (c-indices 0.60–0.68).16–20 Taken together, this reflects the

challenge of predicting a multifactorial disease process such as restenosis and our current

inability to account for all relevant factors, for example, patient factors such as individual

genetic predisposition or ability to take prolonged dual antiplate-let therapy. Such continued

difficulty predicting TVR and restenosis highlights the need for improved data collection

strategies and for further investigation to identify and quantify TVR-related factors.
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The ability to accurately identify patients with low-versus high-risk for TVR may have

important clinical and financial implications. In particular, the decision to use DES, whose

benefits are proportional to the underlying TVR risk, must be weighed against the risk for

bleeding, especially in the vulnerable older population. In our study, we observed that most

of the older PCI patients receive DES, and DES use increased slightly in those at high versus

low risk for TVR. Given that DES use among Medicare beneficiaries has added an estimated

$1.57 billion to national health care expenditures from 2002 to 2006,5 a more selective and

targeted use of DES in older patients truly at highest risk for TVR could potentially lead to

significant reductions in health care costs.

Study limitations

Our study has several important limitations. First, although we examined a large national

dataset and included many candidate variables in our study, our data were observational.

Second, variables that affect restenosis risk, such as insufficient stent deployment or lesion

coverage and patient compliance with medications, may not have been available. Third, we

did not have complete data regarding rationale for provider stent choice, although we

developed models in separate BMS and DES populations to help address this issue of

selection bias. Fourth, procedural variables that might impact restenosis, such as

postintervention stenosis and coronary dissection, were available to us but were purposely

excluded, as our intent was to develop a predictive model that allows for prospective

assessment of restenosis risk to guide PCI therapy. Fifth, despite data that suggest

differences in outcomes according to specific DES type,21,22 we classified stents broadly as

DES versus BMS to help inform decisions regarding required use of prolonged dual

antiplatelet therapy associated with DES in this higher bleeding risk older population. Sixth,

we used a narrow definition of TVR to conservatively estimate outcome rates and develop

the most accurate TVR prediction model. By excluding index graft interventions and CABG

revascularization, we likely excluded true TVR events, but inclusion of the latter population

in the definition of TVR in sensitivity analyses produced similar results. Finally, our model

included variables related to CHF, which may be more predictive of mortality than TVR,

and we counted deaths within 1 year post-PCI as no TVR, which may partially explain why

CHF was mildly protective for TVR. However, this strategy was chosen based on its use in

previous work.16

Conclusions

Risk-benefit assessment of DES is especially important in the growing older patient

population in whom more PCIs are currently being performed and who are at risk for

bleeding. Using a large, contemporary national database, we found a low rate of TVR

among patients ≥65 years old, suggesting that native-vessel TVR among older patients is

uncommon in contemporary practice. We also developed and validated models to predict

TVR based on clinical and procedural variables. Based on our model, we can identify a

subgroup of patients who are at higher risk for restenosis. These models can inform patient

and provider decision making when considering DES versus BMS implantation among older

individuals.
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Figure 1.
Selection of analysis population. This figure displays the study population; inclusions and

exclusions are defined.
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Figure 2.
Calibration plots for TVR prediction models. This figure displays calibration plots for TVR

prediction models: BMS precatheterization model (A), BMS procedural model (B), DES

precatheterization model (C), DES procedural model (D).
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Figure 3.
Predicted 1-year TVR rates restenosis risk and stent type. This figure depicts predicted rates

of TVR based on the BMS procedural model or DES procedural model for patients at low-,

moderate-, or high-predicted restenosis risk using: the primary definition of TVR (A) and

the broader TVR definition (including CABG within 1 year of index PCI and PCIs that

could not be back linked to CathPCI to verify TVR status) (B).
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Table I

Baseline patient and procedural characteristics

TVR 1 y (n = 11,217) No TVR 1 y (n = 331,956) P

Patient characteristics

 Age (mean ± SD), y 74.4 ± 6.5 74.8 ± 6.6 <.001

 Female, % 44.9 43.8 .03

 Race/ethnicity, % .64

  White 87.9 87.8

  African American 5.0 4.8

  Hispanic 2.1 2.2

  Other 5.0 5.2

 Weight (mean ± SD), kg 80.9 (69.0,93.0) 80.9 (69.2,93.1) .60

 BMI (mean ± SD), kg/m2 28.7 ± 5.7 28.7 ± 5.9 .10

 Smoker, % <.001

  Current 10.2 11.7

  Former 42.6 41.2

 Hypertension, % 85.3 83.2 <.001

 Dyslipidemia, % 77.2 75.8 .001

 Cerebrovascular disease, % 18.8 15.9 <.001

 Peripheral artery disease, % 16.6 14.9 <.001

 Chronic lung disease, % 19.0 19.7 .08

 Diabetes mellitus, % 38.4 33.6 <.001

  Insulin therapy 13.1 9.8

  Noninsulin therapy 25.2 23.8

 Prior MI, % 26.1 23.9 <.001

 Prior PCI, % 32.7 26.9 <.001

 Prior CABG, % 21.3 17.8 <.001

 Prior CHF, % 14.1 14.0 .99

 Current CHF, % 11.8 12.6 .01

 NYHA class, % <.001

  I 29.8 32.5

  II 24.7 25.2

  III 31.1 28.9

  IV 14.4 13.5

 GFR (mean ± SD) 65.5 ± 25.1 65.9 ± 26.2 .47

 Dialysis, % 34.1 26.7 <.001

 Presentation symptoms <.001

  Non-ACS 39.0 43.2

  NSTE ACS 61.0 56.8

 PCI indication .11

  Elective 54.6 54.6

  Urgent 41.7 42.0
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TVR 1 y (n = 11,217) No TVR 1 y (n = 331,956) P

 Emergent/salvage 3.7 3.4

Procedural characteristics

 Bifurcation lesion, % 16.5 12.8 <.001

 Minimum stent diameter (mean ± SD), mm 2.5 ± 0.5 2.6 ± 0.5 <.001

 Total stent length (mean ± SD), mm 41.6 ± 23.3 37.7 ± 21.2 <.001

 Vessels treated

  RCA 37.7 37.9 .60

  LM 4.1 2.9 <.001

  LAD 51.6 44.8 <.001

  LCx 35.7 31.7 <.001

 No. of intervened vessels, % <.001

  1 74.4 83.2

  2 23.8 15.8

  3 1.8 0.9

 DES, % 70.3 76.7 <.001

Abbreviations: ACS, Acute coronary syndrome; BMI, body mass index; GFR, glomerular filtration rate; LAD, left anterior descending artery; LCx,
left circumflex artery; LM, left main artery; NSTE, non–ST-segment elevation; NYHA, New York Heart Association; RCA, right coronary artery.
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