
Long-Term Outcome of Consecutive Patients With Previous Coronary
Bypass Surgery, Treated With Newer-Generation Drug-Eluting Stents
Liefke C. van der Heijden, MD, PhD; Marlies M. Kok, MD; Paolo Zocca, MD; Hanim Sen, MD, PhD; Marije M. L€owik, PhD; Silvia Mariani, MD,
PhD; Frits H. A. F. de Man, MD, PhD; Marc Hartmann, MD, PhD; Martin G. Stoel, MD, PhD; K. Gert van Houwelingen, MD; J. (Hans) W.
Louwerenburg, MD; Gerard C. M. Linssen, MD, PhD; Carine J. M. Doggen, PhD; Jan G. Grandjean, MD, PhD; Clemens von Birgelen, MD, PhD

Background-—Percutaneous coronary intervention (PCI) in patients with previous coronary artery bypass grafting (CABG) is
associated with adverse clinical events. Although newer generation drug-eluting stents showed favorable short-term safety profiles,
there is a lack of long-term outcome data. We evaluated the impact of previous CABG on 5-year clinical outcomes of patients
treated with PCI using newer-generation drug-eluting stents.

Methods and Results-—In this patient-level pooled analysis of the prospective TWENTE (The Real-World Endeavor Resolute versus
Xience V Drug-Eluting Stent Study in Twente) trial and nonenrolled TWENTE registry, we assessed a consecutive series of patients
who underwent PCI with newer-generation drug-eluting stents for non–ST-segment–elevation acute coronary syndromes or stable
angina. Of all 1709 patients, 202 (11.8%) had a history of CABG. Patients with previous CABG had significantly higher 5-year rates
of cardiac death (10.4% versus 4.3%; P<0.001) and target vessel revascularization (25.0% versus 8.1%; P<0.001). These differences
remained statistically significant after adjustment for differences in baseline characteristics. Landmark analysis revealed that from
1- to 5-year follow-up, the rates of cardiac death (8.1% versus 3.2%; P<0.001) and target vessel revascularization (17.1% versus
5.9%; P<0.001) were significantly higher in patients with previous CABG. Among patients with a history of CABG, PCI of an
obstructed vein graft was associated with a higher rate of 5-year target vessel revascularization (P=0.003).

Conclusions-—At 5-year follow-up after PCI with newer-generation drug-eluting stents, the risk of cardiac death and target vessel
revascularization was significantly higher in patients with previous CABG. The target vessel revascularization rate was highest in
patients who underwent PCI of obstructed vein grafts. ( J Am Heart Assoc. 2018;7:e007212. DOI: 10.1161/JAHA.117.
007212.)
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P atients with a history of coronary artery bypass grafting
(CABG) are often older, have more comorbidities, and

require treatment of more complex target lesions.1–3 Gradual
failure of a bypass graft, lesion recurrence, and disease
progression in native coronary vessels are the main causes of
repeat revascularization in patients with a history of CABG.4–7

Current guidelines recommend percutaneous coronary inter-
vention (PCI) as the first choice for treating late (>1 month)

graft failure, because of an increased mortality risk associated
with redo CABG.8,9

PCI in patients with previous bypass surgery is often
complex and more often associated with adverse clinical
outcomes.10–12 Several studies have shown significantly
higher rates of repeat target vessel revascularization,7,13

particularly if PCI was performed in degenerated saphenous
vein grafts (SVGs), which also bear an increased risk for
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embolizing friable debris and atherothrombotic material.2,14–18

The introduction of the early drug-eluting stents (DESs)
improved clinical outcomes of PCI in bypass grafts, compared
with bare metal stents.19–21 Newer-generation DESs showed
even more favorable short-term safety profiles.14 However,
there is a lack of long-term data on outcomes after PCI with
newer-generation DESs in patients with versus without previ-
ous CABG.15,16

In this study, we investigated the 5-year clinical outcomes
of a consecutive series of patients treated with PCI with
newer-generation DESs for stable angina or non–ST-segment–
elevation acute coronary syndromes22 and evaluated the
impact of previous CABG on long-term outcomes. In addition,
among patients with a history of CABG, we compared the
long-term clinical results following PCI in native coronary
arteries versus bypasses.

Methods
The data that support the findings of this study are available
to other researchers on request.

Study Design and Patient Population
This analysis was performed using the patient-level pooled
data (n=1709) from the prospective TWENTE (Real-World
Endeavor Resolute vs Xience V Drug-Eluting Stent Study in
Twente) trial and the nonenrolled TWENTE registry22; details
of these studies have been reported previously.23,24 In brief,
the TWENTE trial (ClinicalTrials.gov identifier NCT01066650)
is an investigator-initiated, patient-blinded, randomized, com-
parative DES trial with limited exclusion criteria.23 A total of

1391 patients were enrolled between June 18, 2008, and
August 26, 2010, at Thoraxcentrum Twente, Enschede, the
Netherlands, and were 1:1 randomized to treatment with
Resolute zotarolimus-eluting stents (Medtronic Vascular) or
Xience V everolimus-eluting stents (Abbott Vascular).23 During
the course of the randomized trial, 318 eligible but nonen-
rolled patients were treated at the operator’s discretion with
one of the DESs that were examined in the randomized trial,
using the same routine clinical and procedural strategies.24

Both studies complied with the Declaration of Helsinki for
investigation in human beings and were approved by the
Medical Ethical Committee Twente and the institutional
review board (Medisch Spectrum Twente (Thoraxcentrum
Twente)). All participants in the randomized trial provided
written informed consent. For the registry, patients were not
required to change behavior or take action other than
following their regular treatment; therefore, according to
Dutch law, and as approved by the Medical Ethical Committee
Twente, written informed consent from patients in this
registry was not required.

Pooling data fromboth studies permitted the assessment of a
consecutive series of 1709 patients who were treated at a high-
volume tertiary center for cardiac intervention (Thoraxcentrum
Twente, Enschede, the Netherlands) by PCI with a second-
generation DES for non–ST-segment–elevation acute coronary
syndromes or stable angina. The current study evaluated the
impact of previous CABG on 5-year outcomes. Baseline
characteristics and 1-year clinical outcomes of patients with
versus without previous CABG have been reported.14

Clinical Procedures
Patients from the TWENTE trial and the nonenrolled TWENTE
registry were treated by the same operators. Interventional
procedures were performed according to standard tech-
niques, routine clinical procedures, and current medical
guidelines. Details of the intervention, medical treatment,
ECG assessment, and laboratory tests have been
described23,24 and did not differ between studies.

Definitions of Clinical End Points
End point definitions, which did not differ between the
randomized trial and registry,23,24 were based on suggestions
from the Academic Research Consortium,25 including the
addendum on the definition of myocardial infarction (MI).26 In
brief, death was considered cardiac unless an evident
noncardiac cause could be established. MI was defined by
any creatine kinase concentration of more than double the
upper limit of normal with elevated values of confirmatory
cardiac biomarkers. Target vessel MI was related to the target
vessel or could not be related to another vessel. Target vessel

Clinical Perspective

What Is New?

• This first analysis of 5-year follow-up after percutaneous
coronary intervention with newer-generation drug-eluting
stents in patients with versus without previous coronary
artery bypass grafting demonstrated that percutaneous
coronary intervention with newer-generation drug-eluting
stents in patients with previous coronary artery bypass
grafting is safe, but the risk of repeat revascularization
remains high.

What Are the Clinical Implications?

• Knowledge of the safety but increased risk of repeat
revascularization following percutaneous coronary interven-
tion in patients with previous bypass surgery, particularly if
a diseased vein graft requires treatment, will be relevant to
cardiologists and other physicians involved in heart team
discussions and informed consent.
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revascularization was defined as any repeat coronary revas-
cularization of the target vessel by repeat PCI or surgery.

Acquisition and Analysis of Clinical Follow-up
Data
Clinical follow-up data were obtained at visits to outpatient
clinics or, if not feasible, by telephone ormedical questionnaire.
Monitoring was performed by an independent, external clinical
research organization (Diagram, Zwolle, the Netherlands).
Independent contract research organizations (Cardialysis,
Rotterdam, the Netherlands; Diagram, Zwolle, the Netherlands)
performed the adjudication of adverse clinical events for both
randomized trial participants and nonenrolled eligible patients.

Statistical Analyses
Data were reported as frequencies and percentages for
dichotomous and categorical variables and as mean�SD for
continuous normally distributed variables. The chi-square test
and Fisher exact test were used as appropriate. Differences in
continuous variables between groups were assessed with the
Student t test. The time to clinical end points was assessed
according to Kaplan–Meier methods, and the log-rank test was
applied for between-group comparisons. Hazard ratios were
computed using Cox proportional hazards regression analysis.
Propensity score analysis was used for adjustment of potential
confounders. All variables that were plausible potential con-
founders were used for the propensity score: age, sex, diabetes
mellitus, previous PCI, previous MI, current smoker status,
clinical syndrome at presentation, chronic renal failure, left
anterior descending artery treatment, left main artery treat-
ment, peripheral arterial disease, multivessel treatment, treat-
ment of at least 1 bifurcation lesion, and treatment of at least 1
chronic total occlusion. This propensity score was estimated
usingmultiple logistic regression analysis. The propensity score
coefficients are shown in Table S1. A multivariate Cox
regression model, including the propensity score as an
independent variable, was then used to adjust for the propen-
sity score. In addition to multivariate analysis with use of
propensity score adjustment, a sensitivity analysis was per-
formed including all covariates separately in a multiple regres-
sion analysis (Table S2). A 2-sided P value <0.05 was
considered significant. Data analysis was performed with SPSS
(version 22.0; IBM Corp).

Results

Baseline Characteristics
Of all 1709 patients, 202 (11.8%) had a history of CABG,
which had been performed 11.2 �8.5 years before the index

PCI. Sole use of arterial grafts was present in only 18% of the
patients, whereas 63% were treated with a combination of
arterial grafts and SVGs. Obstructed bypass grafts were
present in 141 patients (69.8%) with previous CABG (arterial
graft: 22.7%; SVG: 77.3%). In 111 of these patients, the
obstructed graft was the culprit lesion (ie, lesion causing
complaints), but only 65 patients (58.6%) underwent graft PCI;
the other 46 patients (41.4%) were treated in native coronary
vessels. Differences in baseline characteristics are shown in
Table 1.

Clinical Event Rates at 5-Year Follow-up
Patients with previous CABG had a significantly higher 5-year
rate of target vessel revascularization than patients without
previous CABG (25.0% versus 8.1%; P<0.001; Table 2),
whereas the rate of definite stent thrombosis was low and
similar for both groups (0.6% versus 0.8%). Cardiac death
occurred more often in patients with previous CABG (10.4%
versus 4.3%; P<0.001). There was no between-group
difference in the incidence of non–target vessel–related
revascularization (7.9% versus 7.5%). The time-to-event
curves of several outcome parameters are displayed in
Figures 1 and 2.

Multivariate analysis with propensity score adjustment
demonstrated, after adjustment for all available known
potential confounders, that the 5-year rates of target vessel
revascularization (adjusted hazard ratio: 3.00; 95% confi-
dence interval, 2.01–4.46) and cardiac death (adjusted
hazard ratio: 1.87; 95% confidence interval, 1.03–3.39)
were significantly higher in patients with previous CABG
(Table 2).

Landmark analysis between 1- and 5-year follow-up
showed significantly higher cardiac mortality in patients with
previous CABG (8.1% versus 3.2%; P<0.001; Figure 3),
whereas there was no significant between-group difference
in cardiac death during the first 12 months (2.5% versus 1.1%;
P=0.11). In addition, target vessel revascularization occurred
more often in patients with previous CABG during both the
first 12 months and from 1- to 5-year follow-up (0–1 year:
9.5% versus 2.4%, P<0.001; 1–5 years: 17.1% versus 5.9%,
P<0.001; Figure 3). Stent thrombosis rates were similar
during the first 12 months and from 1- to 5-year follow-up
(Figure 4).

Subgroup Analysis Among Patients With Previous
CABG
The outcome of patients with a history of CABG was
assessed according to the actually treated vessel. PCI of a
diseased bypass graft was associated with a worse 5-year
clinical outcome (Table 3). Target vessel revascularization
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rates were higher in patients with graft lesions who
underwent PCI of the bypass graft than in patients (with or
without graft lesions) who were treated exclusively in native
coronary arteries (39.6% versus 18.5% and 18.1%; P=0.003;
Figure 5).

Discussion

Main Findings
We assessed the 5-year outcomes of a consecutive series of
1709 patients treated with PCI with second-generation DESs
for non–ST-segment–elevation acute coronary syndromes or
stable angina, and then compared the long-term outcomes of
202 patients with previous CABG versus 1507 patients who
had no history of bypass surgery. This study is the first to
assess the impact of previous CABG on 5-year outcomes
after PCI with newer-generation DESs. Patients with previous
CABG had significantly higher 5-year rates of target vessel

revascularization (25.0% versus 8.1%) and cardiac death
(10.4% versus 4.3%) than patients who had no history of
CABG. These differences remained statistically significant
after adjustment for between-group differences in baseline
characteristics. When the analysis was confined to events
that occurred within the second to fifth years of follow-up,
patients with versus without previous CABG still showed
significant differences in the aforementioned clinical end
points. Among patients with a history of CABG, PCI of an
obstructed bypass graft was associated with a higher rate of
5-year target vessel revascularization.

Previous CABG and Cardiovascular Event Risk
Previous studies reported conflicting mortality data follow-
ing PCI in patients with versus without a history of
CABG.7,10–13,15,17 In patients presenting with ST-segment–
elevation MI, there was no baseline-adjusted difference in 1-
year outcome between patients with versus without previous

Table 1. Baseline Characteristics

Patient Characteristics

All Patients (n=1709)

P ValuePrevious CABG (n=202) No Previous CABG (n=1507)

Age, y, mean�SD 68.5�9.4 64.1�10.7 <0.001

Women 41 (20.3) 435 (28.9) 0.011

Diabetes mellitus 58 (28.7) 315 (20.9) 0.012

Hypertension 113 (55.9) 845 (56.1) 0.972

Hypercholesterolemia 143/199 (71.9) 853/1476 (57.8) <0.001

Current smoker 22 (10.9) 388 (25.7) <0.001

Family history of CAD 108/181 (59.7) 734/1403 (52.3) 0.062

Previous MI 82 (40.6) 505 (33.5) 0.046

Previous PCI 81 (40.1) 299 (19.8) <0.001

Clinical syndrome at presentation 0.023

NSTEMI 40 (19.8) 435 (28.9)

Unstable angina 51 (25.2) 358 (23.8)

Stable angina 111 (55.0) 714 (47.4)

Chronic renal failure 13 (6.4) 46 (3.1) 0.013

LVEF <30% 10/144 (6.9) 35/1106 (3.2) 0.022

Peripheral arterial disease 26 (14.0) 122 (9.0) 0.032

Multivessel treatment 52 (25.7) 345 (22.9) 0.368

Total number of lesions treated per patient 0.381

1 133 (65.8) 927 (61.5)

2 49 (24.3) 436 (28.9)

≥3 20 (9.9) 144 (9.6)

At least one chronic total occlusion treated 12 (5.9) 111 (7.4) 0.462

Values are n (%) unless otherwise stated. CABG indicates coronary artery bypass grafting; CAD, coronary artery disease; LVEF, left ventricular ejection fraction; MI, myocardial infarction;
NSTEMI, non–ST-segment–elevation myocardial infarction; PCI, percutaneous coronary intervention.
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CABG.7,13 In other studies, among patients treated for various
types of acute coronary syndromes, 1-year mortality was
significantly higher in patients with a history of CABG.10,12 In

addition, among patients with various types of acute coronary
syndromes, the long-term baseline-adjusted risk of all-cause
and cardiac mortality following treatment with or without PCI

Table 2. Five-Year Clinical Event Rates in Patients With Previous CABG Versus Patients Without a History of Bypass Surgery

Patient Characteristics

All Patients (n=1709)

Unadjusted HR (95% CI) P Value Adjusted HR (95% CI) P ValuePrevious CABG (n=202) No Previous CABG (n=1507)

Any death 35 (17.4) 150 (10.1) 1.81 (1.25–2.61) 0.001 1.36 (0.88–2.10) 0.16

Cardiac death 20 (10.4) 63 (4.3) 2.46 (1.49–4.06) <0.001 1.87 (1.03–3.39) 0.04

Any myocardial infarction 22 (11.5) 107 (7.3) 1.58 (1.00–2.50) 0.05 1.60 (0.95–2.70) 0.08

Target vessel MI 19 (9.9) 94 (6.4) 1.55 (0.94–2.53) 0.08 1.67 (0.96–2.93) 0.07

Target vessel revascularization 47 (25.0) 116 (8.1) 3.41 (2.43–4.79) <0.001 3.00 (2.01–4.46) <0.001

Target lesion revascularization 38 (20.3) 85 (5.9) 3.71 (2.53–5.44) <0.001 3.43 (2.19–5.36) <0.001

Non–target vessel revascularization 15 (7.9) 107 (7.5) 1.08 (0.63–1.86) 0.78 0.87 (0.47–1.61) 0.65

Target vessel failure 73 (37.6) 231 (15.7) 2.66 (2.04–3.46) <0.001 2.69 (1.99–3.65) <0.001

Definite stent thrombosis 1 (0.6) 11 (0.8) 0.69 (0.09–5.36) 0.72 0.66 (0.07–6.20) 0.72

Values are n (%). Data were analyzed using the Kaplan-Meier method, which implies that patients who could not be followed up for the entire 5 years because of death, consent withdrawal,
or loss to follow-up were censored at the exact moment of dropout. Therefore, the percentages provided in the table may differ slightly from the results of straightforward calculations of
nominator divided by denominator. CABG indicates coronary artery bypass grafting; CI, confidence interval; HR, hazard ratio; MI, myocardial infarction.

Figure 1. Five-year time-to-event curves of several clinical outcome parameters. Kaplan–Meier cumulative incidence curves at
5 years for patients with versus without previous coronary artery bypass grafting (CABG) for (A) cardiac death, (B) target vessel
myocardial infarction, and (C) target vessel revascularization.
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was not significantly increased in patients who had a history of
CABG.11,15,17

In the present study, following adjustment for potential
confounders, 5-year cardiac mortality risk was significantly
higher in all-comer patients who previously had undergone
CABG (adjusted hazard ratio: 1.87). This difference was
mainly based on a significantly higher rate of cardiac death
during the second to fifth years of follow-up (8.1% versus
3.2%). This difference in cardiac mortality from the aforemen-
tioned studies may be largely explained by differences in
study population and treatment. In the current study, we
assessed a consecutive series of patients who were treated
with newer-generation DESs for all clinical syndromes except
ST-segment–elevation MI,14,22 whereas other studies with
long-term follow-up exclusively examined patients with ST-
segment–elevation MI or patients with acute coronary
syndromes.10,11,17 Furthermore, these patients had been
treated with or without PCI—before the introduction of the
newer-generation DES.11,17

In our study, patients with a history of CABG who were
treated with PCI with newer-generation DESs had a 3.1-
times higher baseline-adjusted risk of repeat target vessel
revascularization during the 5-year follow-up compared with
patients who had no history of CABG. In the era of early
generation DESs, the risk of repeat target vessel revascu-
larization was also higher in patients with previous
CABG.10,11,15,17

Venous and Arterial Bypass Grafts

We observed that the risk of repeat revascularization
was highest in patients who had undergone a stent implan-
tation in a diseased SVG, which corroborates previous
studies.15–17,27,28 In addition, we found that patients with a
stenosis in a bypass graft who were treated in the native
vessel had a target vessel revascularization rate that was
similar to that of patients with nonobstructed (ie, patent)
bypass grafts who were treated for native vessel lesions
(18.5% versus 18.1%). Both subgroups of patients had
relatively high rates of target vessel revascularization com-
pared with patients without a history of CABG; this finding
may be due to high lesion complexity, comorbidities, and
aggressive atherosclerosis and disease progression in native
coronary vessels in patients with a history of CABG.

In patients who were treated with a second-generation DES
in a bypass graft, the incidence of target vessel revascular-
ization during the first year was similar to what had been seen
2 decades ago after the treatment of native coronary vessels
with bare metal stents. But unlike the restenosis process in
bare metal stents, which generally is confined to the first 6 to
8 months, bypass degeneration is a steady process that leads
to a target vessel revascularization rate as high as 40% after
no more than 5 years from PCI with contemporary DESs.

A known disadvantage of using saphenous veins as bypass
material is the accelerated progression of atherosclerosis in

Figure 2. Five-year time-to-event curves of definite stent thrombosis. Kaplan–Meier cumulative incidence
curve at 5 years for patients with versus without previous coronary artery bypass grafting (CABG) for
definite stent thrombosis.
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SVGs, which leads to friable plaques with a high risk of
embolization and thrombosis and, ultimately, high rates of
graft stenosis and bypass occlusion.1–3 Ten years after CABG,
�75% of SVGs are severely diseased or occluded.29,30

Attrition in SVGs and the development of new native vessel
stenosis (distal to the bypass anastomosis) related to
progression of coronary atherosclerosis are typical causes
of late graft failure.2 Consequently, PCI in SVGs is associated
with a higher risk of atheroma embolization, resulting in the
no-reflow phenomenon, graft perforation, and restenosis,
compared with PCI in native coronary vessels.18

In contrast to SVGs, arterial bypass grafts are signifi-
cantly less susceptible to attrition and accelerated
atherosclerosis; therefore, they are more likely to remain
patent than SVGs.4 The most frequent causes of arterial
graft dysfunction are neointimal hyperplasia secondary to a
vascular trauma during surgical preparation of the graft or
anastomosis and general disease progression in the native
coronary vasculature.31 A greater patency of arterial grafts
was also observed in the present study population. Patients

with previous CABG required treatment of the left descend-
ing artery less often than patients without previous CABG
(17.3% versus 55.4%) because of (generally) proper func-
tioning of the left internal mammary artery to left
descending artery bypass grafts.

Long-Term Outcome of PCI With Newer-
Generation DESs After Previous CABG
Most CABG-related studies examined patients treated with
bare metal stents or first-generation DESs.12,13,15,16 The
use of first-generation DESs in graft vessel lesions was
associated with improved long-term clinical outcomes
compared with bare metal stent use.19–21 Little is known
about the use of second-generation DESs in patients
with previous CABG.14,32,33 Long-term follow-up data are
scarce but of particular interest, as a previous study
suggested the presence of a late “catch-up” in target vessel
revascularization after PCI with first-generation DESs in
SVGs.34

Figure 3. Five-year time-to-event curves of several clinical outcome parameters with landmark analysis at 1 year. Landmark analysis at 1-year
follow-up for patients with versus without previous coronary artery bypass grafting (CABG) for (A) cardiac death, (B) target vessel myocardial
infarction, and (C) target vessel revascularization.
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A relatively small, retrospective, observational study that
included patients during a period of 9 years (with inevitable
changes in PCI technique, devices, and medications) found
significantly lower 1- and 2-year rates of a composite end
point of safety and efficacy in patients treated with newer-
versus first-generation DESs.32 Another retrospective analysis
used a historical control group to show, at 1-year follow-up,
no significant differences in target vessel revascularization
between early versus newer-generation DESs (10.2% versus
10.7%).33 Our group previously reported a target vessel
revascularization rate of 9.4% in patients with a history of
CABG at 1-year follow-up.14 The difference in event rate from
the above-mentioned study may be best explained by
dissimilarities in study population.

Implications of the Study

This first analysis of 5-year follow-up after PCI with newer-
generation DESs in patients with versus without previous
CABG demonstrated a persistently low risk of MI and stent
thrombosis despite a history of CABG. PCI with newer-
generation DESs in patients with previous CABG is safe, but
the high long-term rate of target vessel revascularization
shows that after treatment with newer-generation DESs, the
risk of repeat revascularizations remains high. In times of
increasingly low adverse event rates of randomized all-comer
trials,35 it will be of paramount importance to keep enrolling
patients with a history of CABG to ensure adequate statistical
power. In clinical practice, knowledge of the safety but

Figure 4. Five-year time-to-event curves of definite stent thrombosis with landmark analysis at 1 year.
Landmark analysis at 1-year follow-up for patients with versus without previous coronary artery bypass
grafting (CABG) for definite stent thrombosis.

Table 3. Subgroup Analysis in Patients With Previous CABG, Based on Culprit and Target Vessels: 5-Year Outcomes

Patient Characteristics

Patients With Previous CABG (n=202)

Culprit Vessel Is Native
Vessel That Was Stented (n=91)

Culprit Vessel Is
Bypass Graft, But
Native Vessel Was Stented (n=46)

Culprit Vessel Is Bypass
Graft That Was Stented (n=65) P Value

Cardiac death 9 (10.6) 7 (15.3) 4 (6.5) 0.33

Target vessel MI 6 (6.9) 4 (9.1) 9 (14.7) 0.30

Target vessel revascularization 15 (18.1) 8 (18.5) 24 (39.6) 0.003

Values are n (%). Data were analyzed using the Kaplan-Meier method, which implies that patients who could not be followed up for the entire 5 years because of death, consent withdrawal,
or loss to follow-up were censored at the exact moment of dropout. Therefore, the percentages provided in the table may differ slightly from the results of straightforward calculations of
nominator divided by denominator. CABG indicates coronary artery bypass grafting; MI, myocardial infarction.
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increased risk of repeat target vessel revascularization
following PCI in patients with previous coronary bypass
surgery—particularly if a diseased SVG requires treatment—
will be relevant to cardiologists and other physicians involved
in heart team discussions and informed consent.

Limitations
The sample size of the CABG group (n=202) limits the power
of the study to show statistically significant differences in
outcomes, especially in subgroup analyses. The results of this
post hoc analysis are hypothesis generating, and the findings
should not be transferred to the setting of primary PCI, as
patients with acute ST-segment–elevation MI were not
assessed. The choice of treating native vessels or bypass
grafts was left to the operator’s discretion; because a native
vessel PCI is generally the preferred approach,9 patients with
the most complex native vessel disease may have undergone
bypass treatment because a native vessel PCI was no longer
an option. However, in the present study, the high target
vessel revascularization rate in patients treated in SVGs
supports the “native vessel first” strategy.

Conclusions
At 5-year follow-up after PCI with newer-generation DES, the
risk of cardiac death and target vessel revascularization was

significantly higher in patients with previous CABG. The target
vessel revascularization rate was highest in patients who
underwent PCI of obstructed vein grafts.
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Table S1. Propensity score coefficients of the logistic regression model for having a 

history of CABG or not having a history of CABG. 

 
 

 
 

 Beta Standard error 

Age (yrs) -0.040 0.009 

Women 0.714 0.208 

Diabetes mellitus -2.10 0.190 

Previous PCI -0.794 0.186 

Previous MI -0.177 0.184 

Current smoker 0.903 0.267 

Clinical syndrome at presentation   

      Non-ST-elevation MI (versus stable angina) 0.501 0.221 

      Instable angina (versus stable angina) -0.062 0.205 

Chronic renal failure -0.351 0.381 

LAD treated 1.794 0.219 

Left main treated -2.313 0.334 

Peripheral arterial disease 0.232 0.262 

Multivessel treatment -0.327 0.230 

At least one bifurcation lesion treated -0.201 0.346 

At least one chronic total occlusion treated 0.458 0.247 
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Table S2. Sensitivity analysis of adjusting in the Cox regression hazard model for the 

propensity score for all variables separately.  

 Propensity score adjustment 
Adjusting for each variable 

separately 

 
Adjusted  

hazard ratio (95%-CI) 
p-value 

Adjusted  

hazard ratio (95%-CI) 
p-value 

Any death 1.36 (0.88-2.10) 0.16 1.32 (0.87-1.98) 0.19 

     Cardiac death 1.87 (1.03-3.39) 0.04 1.74 (0.99-3.06) 0.05 

Any myocardial infarction 1.60 (0.95-2.70) 0.08 1.54 (0.91-2.61) 0.11 

     Target vessel myocardial infarction 1.67 (0.96-2.93) 0.07 1.65 (0.94-2.90) 0.08 

Target vessel revascularization  3.00 (2.01-4.46) <0.001 2.97 (2.00-4.41) <0.001 

     Target lesion revascularization 3.43 (2.19-5.36) <0.001 3.45 (2.20-5.42) <0.001 

Non-target vessel revascularization 0.87 (0.47-1.61) 0.65 0.92 (0.51-1.65) 0.78 

Target vessel failure 2.69 (1.99-3.65) <0.001 2.50 (1.85-3.39) <0.001 

Definite stent thrombosis 0.66 (0.07-6.20) 0.72 0.52 (0.05-5.44) 0.59 
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