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ABSTRACT

Objective: Recent studies have indicated that coronary artery bypass grafting
(CABG) outcomes in patients with prior stents are suboptimal. We aimed to study
the impact of prior percutaneous coronary intervention (PCI) with stenting (PCI-
S) on late CABG mortality in diabetic patients with triple-vessel disease.

Methods:We reviewed the primary nonemergency CABG experience from a sin-
gle U.S. institution (n ¼ 7005; 1996-2007, Toledo, Ohio). Diabetics with triple-
vessel disease (n ¼ 1583) were identified and divided into 2 groups: (1) prior
PCI-S (n ¼ 202); and (2) no prior PCI (No-PCI [n ¼ 1381]). Hierarchic Cox pro-
portional hazards models were used to assess the effect of prior PCI-S on 5-year
mortality after CABG. A propensity score for PCI-S and No-PCI patients was
derived using a nonparsimonious logistic regression and used to generate a 1:1
(PCI-S to No-PCI) matched cohort.

Results: In model 1, after adjusting for preoperative clinical characteristics, med-
ications, off-pump surgery, and isolated CABG surgery status, prior PCI-S was
associated with a 39% increased risk of mortality (hazard ratio [HR] ¼ 1.39,
with 95% confidence interval [CI; 1.02, 1.90]; P ¼ .04). Further adjustment for
date of surgery (model 2) (HR¼ 1.39, with 95%CI [1.02, 1.91]; P¼ .04) or oper-
ative parameters (model 3) (HR ¼ 1.38, with 95% CI [1.01, 1.88]; P ¼ .046) did
not alter the association. The 1:1 matched-cohort analysis confirmed the increased
risk associated with PCI-S (HR ¼ 1.61, with 95% CI [1.03, 2.51]; P ¼ .037).

Conclusions: Patients who have both diabetes and triple-vessel disease, and have
undergone prior PCI-S, have poorer long-term outcomes after CABG compared
with those who have had no prior PCI-S. (J Thorac Cardiovasc Surg
2015;149:1302-9)
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Comparison five-year Kaplan-Meier survival for 1:1

propensity matched prior PCI status groups.
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Central Message

Diabetic triple-vessel disease patients with

prior percutaneous coronary intervention with

stent placement (PCI-S) have poorer long-

term outcomes following CABG compared to

patients with no prior PCI-S.
Perspective

We found prior PCI with intracoronary stenting

to be associated with increased long-term mor-

tality following primary CABG in triple-vessel

diabetics. An early team-based approach

including a cardiologist and cardiac surgeon

should be implemented for optimal revasculari-

zation strategy selection in diabeticswith triple-

vessel disease and for close medical follow-up

of those higher risk CABG patients with history

of intracoronary stents. This may improve clin-

ical decision-making in a high-risk CAD popu-

lation arguably at most need for optimal

medical management and intervention. Future

investigation is needed to elucidate whether

these findings derive from the underlying dis-

ease characteristics, implanted stents, or both.
See Editorial Commentary page 1310.
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Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
CAD ¼ coronary artery disease
CI ¼ confidence interval
DES ¼ drug-eluting stents
HR ¼ hazard ratio
ICD ¼ International Classification of Diseases
PCI ¼ percutaneous coronary intervention
PCI-S ¼ PCI with stenting
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The past decade has witnessed a surge in percutaneous
coronary intervention (PCI) as a primary modality for
coronary revascularization, driven in large part by its
less-invasive nature compared with coronary artery bypass
grafting (CABG). A recent national analysis reporting
revascularization trends from 2001 to 2008 noted a steadily
decreasing rate of CABG surgery in the face of a stable PCI
rate, which is increasingly based on drug-eluting stents
(DES).1 Furthermore, the rate of multivessel stenting
remained fairly constant, at approximately 12% of annual
PCI-stenting (PCI-S) procedures.2 Since the introduction
of DES, PCI-S has been extended increasingly to
high-risk patient groups, including those who have diabetes
and those who have multivessel and left main coronary
artery disease (CAD). Consequently, more patients with a
prior history of PCI-S treatment of their CAD are being
referred for CABG.

A possible adverse effect of prior PCI-S on early
outcomes after CABG surgery has been described.3,4 This
effect has been attributed in part to the increased bleeding
risk and perioperative stent thrombosis that results from
an imperfect balance of perioperative anticoagulation.5

Improved understanding of perioperative anticoagulation
and optimal timing of surgery after PCI-S may decrease
the rate of perioperative complications, with some reports
suggesting no early adverse effects.6,7

How the long-term outcomes of patients after primary
CABG may be affected by the presence of in situ stents
has not been as thoroughly investigated.6,8-12 Recent
reports have postulated that such patients have increased
inflammation and endothelial injury,13-17 and that the
grafts in those who have undergone CABG and have
pre-existing intracoronary stents may have suboptimal
placement and patency.18 We hypothesized that in diabetic
patients with triple-vessel disease, a history of PCI with
stent placement portends poorer long-term survival, given
the established endothelial dysfunction in diabetic
patients19,20 and the significant CAD burden associated
with triple-vessel disease. We leveraged the availability of
a real-world cardiac surgery registry with late-mortality
follow-up, to assess the impact of prior stenting on 5-year
all-cause mortality in patients who undergo primary CABG.
The Journal of Thoracic and Car
METHODS
Study Design and Data Collection

This study is a retrospective analysis of a prospectively collected cardiac

surgery database surveying theCABGexperience (n¼7005) of a single car-

diac surgical team (Mercy Saint Vincent Medical Center, Toledo, Ohio)

from January 1996 till March 2007. Data collection and reporting is in

accordance with The Society of Thoracic Surgeons National Adult Cardiac

Database definitions and criteria.21 Patientswho hadundergoneCABGwith

concomitant surgery for cardiac valvular or aortic disease were excluded.

For the purposes of this study, inclusionwas restricted to primaryCABGpa-

tients who had both diabetes (n ¼ 2555; 36.5%) and triple-vessel disease

(n ¼ 5248; 74.9%). Triple-vessel disease was defined as �50% stenosis

in all 3 native coronary vessels, or left main artery plus right CAD.

A total of 1868 (26.7%) patients with triple-vessel disease had diabetes

as well. Of these, 285 (15.3%) were excluded from the analysis for 1 or

more reasons: having repeat CABG (n ¼ 111), having emergency

(n ¼ 90) or salvage (n ¼ 8) surgery, and/or being a nonemergency patient

with a preoperative intra-aortic balloon pump and/or cardiogenic shock

(n¼ 87). Patients with a history of having PCI before CABGwere included

only if the PCI entailed stenting, regardless of stent type. The final study

population consisting of 1583 patients was divided into 2 comparison

groups based on prior intra-coronary stenting status: (1) 202 (12.8%)

with prior stents (PCI-S); and (2) 1381 (87.2%) with no prior PCI

(No-PCI). The institutional review board approved the study. Informed

consent was waived, based on the fact that the study is a deidentified

retrospective analysis.

Outcome Measures
The primary endpoint was all-cause mortality. Long-term survival data

were obtained from our service follow-up, and the U.S. Social Security

Death Index database, and verified by cross-checking with the Ohio State

Death Registry. Early mortality was defined as death within 30 days of

CABG surgery or during the index hospitalization for surgery.

Long-term follow-up was assessed at 5 years, with 30 patients (1.9%)

lost to follow-up over this time period. Lastly, cause-specific mortality

data were extracted from death certificates in the Ohio State Death Registry

using International Classification of Diseases (ICD) –9 (1996-1998) and

–10 (1999 onward) revision codes. Cause of death was known for 282 of

345 (81.7%) mortality events. Cardiac mortality was defined by ICD-10

codes I00 to I09, I11, I13, and I20 to I51, and their corresponding ICD-9

codes: 390 to 398, 402, 404, and 410 to 429. Coronary heart disease

mortality was identified22 using ICD-10 codes I20 to I25 and their

corresponding ICD-9 codes, 410 to 414 and 429.2.

Statistical Analysis
Descriptive statistics for categorical variables are summarized as

frequency (%) and compared among the prior PCI-S and No-PCI groups,

using Pearson c2 analysis or the Fisher exact test, as appropriate.

Continuous parameters are presented as mean � SD, or as median

(interquartile range), and compared using the unpaired Student t test or

the nonparametric Wilcoxon rank sum test. Ejection fraction data were

missing for 326 of 7005 (4.7%) patients in the databasewho had undergone

CABG (49 of 1583 [3.1%] for the current analysis); these missing data

were handled by multiple imputation.

Univariable andmultivariable logistic regression were used to assess the

effect of PCI-S on early mortality. The Kaplan-Meier survival method with

the log-rank significance test was used to compare 5-year survival

between the 2 groups, for the baseline population as well as in the

propensity-matched subcohort. To determine the risk-adjusted effect of

prior PCI-S on 5-year mortality, 3 hierarchic adjusted Cox proportional

hazards models were constructed.

Model 1 included all preoperative clinical variables in Table 1,

medications, off-pump versus on-pump surgery, and isolated CABG

surgery status. Model 2, in addition to model 1, adjusted for year of
diovascular Surgery c Volume 149, Number 5 1303



TABLE 1. Patient baseline characteristics according to PCI status group in overall and matched cohort

Preoperative characteristics

Whole cohort Matched cohort

PCI-S

(n ¼ 202)

No-PCI

(n ¼ 1381)

Standard

difference (%)

PCI-S

(n ¼ 195)

No-PCI

(n ¼ 195)

Standard

difference (%)

Age (y; mean � SD)* 63.0 � 10.4 65.0 � 9.6 20.0 63.6 � 10.1 62.8 � 9.5 8.2

Gender, male 129 (63.9) 871 (63.1) 1.7 125 (64.1) 122 (62.6) 3.1

Body mass index (kg/m2)

<30 95 (47.0) 631 (45.7) 2.6 93 (47.7) 83 (42.6) 10.3

30-35 55 (27.2) 435 (31.5) 9.5 55 (28.2) 56 (28.7) 1.1

>35 52 (25.8) 315 (22.8) 7.0 47 (24.1) 56 (28.7) 10.4

Congestive heart failure 36 (17.8) 258 (18.7) 2.3 36 (18.5) 34 (17.4) 2.9

NYHA class

I 12 (5.9) 111 (8.0) 8.3 12 (6.2) 12 (6.2) 0.0

II 41 (20.3) 248 (18.0) 5.8 39 (20) 39 (20) 0.0

III 90 (44.6) 635 (46.0) 2.8 87 (44.6) 87 (44.6) 0.0

IV 59 (29.2) 387 (28.0) 2.7 57 (29.2) 57 (29.2) 0.0

Ejection fraction (mean % � SD) 46.6 � 11.5 47.5 � 11.2 0.9 46.7 � 11.7 46.2 � 11.9 0.6

Hypertension 181 (89.6) 1232 (89.2) 1.3 176 (90.3) 180 (92.3) 7.1

Hypercholesterolemia* 165 (81.7) 1023 (74.1) 18.4 158 (81) 164 (84.1) 8.2

Smoking status

Current smoker 44 (21.8) 265 (19.2) 6.4 42 (21.5) 38 (19.5) 5.0

Former smoker 94 (46.5) 582 (42.1) 8.9 89 (45.6) 93 (47.7) 4.2

Nonsmoker 64 (31.7) 534 (38.7) 14.7 64 (32.8) 64 (32.8) 0.0

Left main disease 33 (16.3) 243 (17.6) 3.5 32 (16.4) 38 (19.5) 8.1

Myocardial infarction* 155 (76.7) 740 (53.6) 50.0 148 (75.9) 147 (75.4) 1.2

Unstable angina 56 (27.7) 363 (26.3) 3.2 54 (27.7) 47 (24.1) 8.2

Family history of CAD 129 (63.9) 894 (64.7) 1.7 125 (64.1) 136 (69.7) 11.9

Renal failure 14 (6.9) 87 (6.3) 2.4 14 (7.2) 15 (7.7) 1.9

Arrhythmia 22 (10.9) 168 (12.2) 4.1 22 (11.3) 21 (10.8) 1.6

Chronic lung disease 41 (20.3) 289 (20.9) 1.5 39 (20) 38 (19.5) 1.3

Cerebrovascular disease 51 (25.3) 406 (29.4) 9.2 49 (25.1) 38 (19.5) 13.5

Peripheral vascular disease 44 (21.8) 281 (20.4) 3.4 44 (22.6) 40 (20.5) 5.1

Preoperative medications

Insulin 76 (37.6) 473 (34.3) 6.9 72 (36.9) 76 (39.0) 4.3

Antiplatelet drugs 136 (67.3) 979 (70.9) 7.8 131 (67.2) 125 (64.1) 6.5

Beta-blockers 128 (63.4) 813 (58.9) 9.2 125 (64.1) 129 (66.2) 4.4

Digoxin 15 (7.4) 142 (10.3) 10.2 15 (7.7) 14 (7.2) 1.9

Diuretics 54 (26.7) 349 (25.3) 3.2 53 (27.2) 51 (26.2) 2.3

Operative characteristics

Isolated CABG 179 (88.6) 1174 (85.0) 10.7 172 (88.2) 178 (91.3) 10.2

Off-pump surgery 6 (3.0) 39 (2.8) 1.2 6 (3.1) 5 (2.6) 3.0

Year of CABG surgery*

1996-1997 8 (4.0) 225 (16.3) 41.6 8 (4.1) 15 (7.7) 15.3

1998-1999 21 (10.4) 225 (16.3) 17.4 21 (10.8) 19 (9.7) 3.6

2000-2001 43 (21.3) 235 (17.0) 10.9 43 (22.1) 38 (19.5) 6.4

2002-2003 57 (28.2) 294 (21.3) 16 53 (27.2) 52 (26.7) 1.1

2004-2005 41 (20.3) 280 (20.3) 0 41 (21.0) 48 (24.6) 8.6

2006-2007 32 (15.8) 122 (8.8) 21.4 29 (14.9) 23 (11.8) 9.1

Values are n (%), unless otherwise indicated. Arrhythmia indicates atrial fibrillation, heart block, or resuscitated cardiac arrest. PCI-S, Percutaneous coronary intervention,

with stenting; PCI, percutaneous coronary intervention;NYHA, New York Heart Association; CAD, coronary artery disease; CABG, coronary artery bypass grafting; SD, standard

deviation. *P<.05 for comparison of PCI-S and No PCI in overall cohort. No statistically significant differences were found in the matched cohort.
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CABG surgery. Model 3 adjusted, in addition to model 1, for operative

characteristics. The proportional hazard assumption was tested by using

the log-(negative-log[Survival{t}]) plot, in addition to testing the ‘‘group

3 time’’ interaction term. The Breslow method was used to handle

event ties. In addition, interaction with stent-type era (before and after

U.S. Food and Drug Administration approval of DES, in April 2003) was

tested.
1304 The Journal of Thoracic and Cardiovascular Sur
Lastly, we calculated a propensity score for PCI-S and No-PCI patients,

using a nonparsimonious logistic regression including all covariates in

model 2. Poststratification for stent-type era, greedy 1:1 propensity-

matched PCI-S and No-PCI pairsPCI-S and No-PCI pairs were derived, us-

ing a customized computer algorithm. The greedy 1:1 matching algorithm

determined individually for each case the ‘‘best’’ match, based on the pro-

pensity score, to within �1%. Matching adequacy of patient factors was
gery c May 2015



TABLE 2. Other operative characteristics according to PCI status group

Operative characteristics All (N ¼ 1583) PCI-S (n ¼ 202) No-PCI (n ¼ 1381) P value

Number of arterial grafts .98

0 31 (2.0) 4 (2.0) 27 (2.0)

1 810 (51.2) 106 (52.4) 704 (51.0)

2 667 (42.1) 83 (41.1) 584 (42.3)

3 75 (4.7) 9 (4.5) 66 (4.8)

Total number of graft anastomoses (mean � SD) 3.6 � 0.9 3.6 � 0.8 3.6 � 0.9 .90

ITA 1541 (97.4) 196 (97.0) 1345 (97.4) .76

Radial 733 (46.3) 91 (45.1) 642 (46.5) .70

Perfusion time (min)* 88.2 � 29.7 87.4 � 36.8 88.3 � 28.6 .73

Crossclamp time (min)* 56.0 � 21.2 54.4 � 21.2 56.2 � 21.2 .25

Values are n (%), unless otherwise indicated. P value reflects comparison between PCI-S and No-PCI groups. PCI, Percutaneous coronary intervention; PCI-S, percutaneous

coronary intervention, with stenting; ITA, internal thoracic artery; SD, standard deviation. *Data on 1538 patients with on-pump surgery.
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assessed by calculating the standardized percent difference,23 in addition to

between-groups statistical comparisons of all patient factors. Two-sided

probability values were calculated. All analyses were done using Stata

12 (Stata Corporation, College Station, Tex).
RESULTS
The study population included 1583 patients with

diabetes and triple-vessel disease who underwent primary
CABG, of whom 202 (12.8%) had �1 prior PCI with
stents deployed. Preoperative clinical characteristics
according to PCI status are presented in Table 1.
Compared with the No-PCI group, PCI-S patients were
younger and more had previous history of myocardial
infarction and hypercholesterolemia. The 2 groups had
no differences in preoperative medication use (Table 1).
In addition, operative characteristics were similar between
the 2 groups. No differences were found in the number or
type of arterial grafts received, the total number of graft
anastomoses, or the relative frequency of off-pump
surgery (Tables 1 and 2).

Of 1583 patients, 52 (3.3%) died within thirty days of
the surgery or during the index hospitalization for the
FIGURE 1. Five-year Kaplan-Meier survival (all-cause mortality) data

compared for prior PCI–status groups, for all patients. Error bars represent

95% confidence intervals. PCI, Percutaneous coronary intervention;

PCI-S, percutaneous coronary intervention with stenting.

The Journal of Thoracic and Car
surgery: 6 (3.0%) patients in the PCI-S group, and 46
(3.3%) in the No-PCI group (P ¼ .79). In multivariable
logistic regression adjusting for 18 preoperative clinical
variables (Table 1), in addition to preoperative medica-
tion, off-pump surgery, isolated CABG surgery status,
and date of CABG surgery, prior PCI-S was not an inde-
pendent predictor of early mortality (odds ratio ¼ 0.89,
with 95% confidence interval [CI] [0.36, 2.22]; P ¼ .81).
Five-year cumulative survival was 78.5% (95% CI

[76.3%, 80.6%]) and 74.8% (95% CI [68.2%, 80.3%])
for the No-PCI and PCI-S groups, respectively (log-rank
test, P¼ .23) (Figure 1). Using a multivariable Cox propor-
tional hazards model and after adjusting for 18 preoperative
clinical variables (Table 1), preoperative medication,
off-pump surgery, and isolated CABG surgery status,
PCI-S was associated with a 39% increased risk of
mortality at 5 years (hazard ratio [HR] ¼ 1.39 with 95%
CI [1.02, 1.90]; P ¼ .04) (Table 3). Further adjustment for
date of CABG surgery (HR ¼ 1.39, with 95% CI [1.02,
1.91]; P ¼ .04), and for operative parameters (HR ¼ 1.38,
with 95% CI [1.01, 1.88]; P ¼ .046) did not alter the
association (Figure 2). Stent-type era was used as a
surrogate for predominant type of stent implanted, given
reports in the literature of the rapid and widespread
adoption of DES after they were approved by the U.S.
Food and Drug Administration. No significant interaction
between PCI-S and stent-type era was found (P ¼ .59).
The 1:1 propensity-matched PCI-S and No-PCI

subcohorts (n ¼ 390; 195 pairs) were well matched for de-
mographic, risk, and operative factors (Table 1). Five-year
cumulative survival was 83.5% (95% CI [77.5%,
88.1%]) and 74.4% (95% CI [67.6%, 80.0%]) for the
No-PCI and PCI-S groups, respectively (log-rank test,
P ¼ .035) (Figure 3). The Cox proportional hazards model
in matched patients confirmed the increased risk associated
with PCI-S observed in the overall risk-adjusted analysis
(HR¼ 1.61, with 95%CI [1.03, 2.51]; P¼ .037) (Figure 2).
Cause-specific 5-year mortality was known for 282 of

345 (81.7%) of the deaths in the overall cohort. Five-year
cardiac mortality rates were higher in the group who
diovascular Surgery c Volume 149, Number 5 1305



TABLE 3. Independent preoperative predictors of 5-year all-cause

mortality in model 1

Adjusted hazard ratio

(95% CI)

P

value

Prior PCI-stent 1.39 (1.02-1.9) .04

Age (/10 y) 1.53 (1.33-1.76) <.001

BMI (kg/m2) .23

<30 — —

30-35 0.93 (0.72-1.21) .59

>35 1.37 (1.02-1.85) .04

Congestive heart failure 1.42 (1.09-1.85) .009

Ejection fraction

(per 5% increments)

0.93 (0.88-0.97) .002

Renal failure 2.94 (2.17-3.99) <.001

Chronic lung disease 1.74 (1.35-2.23) <.001

Cerebrovascular disease 1.32 (1.04-1.66) .02

Peripheral vascular disease 1.59 (1.25-2.02) <.001

Model 1 is adjusted for the 18 preoperative clinical characteristics in Table 1 þ
preoperative medications þ off-pump status þ isolated coronary artery bypass

grafting status. CI, Confidence interval; PCI, percutaneous coronary intervention;

BMI, body mass index.
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underwent PCI-S (17 of 202, 8.4%), compared with the
No-PCI group (103 of 1381; 7.5%). Notably, 100% of
PCI-S cardiac mortality was categorized as being related
to coronary heart disease, compared with 89.3% (92 of
103) of No-PCI cardiac mortality (Figure 4, A). Analysis
of cause-specific mortality in the matched cohort verified
the increased trend of cardiac and coronary heart disease
mortality with PCI-S (Figure 4, B).
DISCUSSION
Our analysis of a real-world CABG series of patients with

diabetes and triple-vessel disease showed that patients with
a prior history of PCI-S had higher 5-year, all-cause
FIGURE 2. Unadjusted and adjusted hazard ratios for 5-year CABG morta

characteristics in Table 1þ preoperative medicationsþ off-pump statusþ isola

Model 3 is adjusted for model 1 factors þ operative variables, including interna

number of graft anastomoses, and intraoperative perfusion time. PCI-S, Percut

1306 The Journal of Thoracic and Cardiovascular Sur
mortality after CABG compared with counterparts who
had not received intracoronary stents. Both cardiac and
noncardiac mortality rates were higher in the group who
had undergone PCI-S, with cardiac mortality being driven
mainly by coronary heart disease. We did not find an in-
crease in the secondary endpoint of early mortality among
the prior PCI-S group, an observation previously re-
ported.6,7 To our knowledge, this study is the first that
addresses the potential long-term effects of stents on
CABG outcomes in this specific high-risk patient
population.

The majority of previous studies, with notable
exceptions, reported no impact of prior PCI on mid- or
long-term survival in the general population undergoing
CABG. Mannacio and colleagues,8 in a multicenter
study that included 7855 patients referred for primary
isolated CABG surgery, reported increased 3-year (odds
ratio ¼ 2.2, with 95% CI [1.3, 3.4]; P ¼ .001) and 5-year
(odds ratio ¼ 1.8, with 95% CI [1.1, 2.8]; P ¼.004)
mortality in patients with multiple prior PCI. Chocron and
colleagues,9 in a secondary analysis of participants in the
IMAGINE (Ischaemia Management with Accupril
Post-Bypass Graft via Inhibition of the Converting Enzyme)
trial (N ¼ 2491), over a median follow-up of 2.95 years,
reported a history of PCI as an independent predictor of
the occurrence of the primary composite endpoint of major
adverse cardiac and cerebrovascular events. Analysis of in-
dividual endpoints found that repeat revascularization and
unstable angina requiring hospitalization, but not all-
cause mortality, was significantly associated with history
of PCI.9 Tran and colleagues10 described decreased
2-year, age-adjusted survival after CABG, in diabetic
patients with prior PCI.10 However, after adjusting for other
confounders, this difference was no longer significant.
lity with prior PCI-S. Model 1 is adjusted for 18 preoperative clinical

ted CABG status. Model 2 is adjusted for model 1 factorsþ year of surgery.

l thoracic artery and radial artery graft use, number of arterial grafts, total

aneous coronary intervention, with stenting; CI, confidence interval.

gery c May 2015



FIGURE 3. Five-year Kaplan-Meier survival (all-cause mortality)

data compared for prior PCI–status groups; 1:1 matched cohort. Error

bars represent 95% confidence intervals. PCI, Percutaneous coronary

intervention; PCI-S, percutaneous coronary intervention, with stenting.

FIGURE 4. Cause-specific 5-year mortality for prior PCI–status groups:

A, all patients; B, 1:1 propensity-matched cohort. PCI-S, Percutaneous

coronary intervention, with stenting; PCI, percutaneous coronary

intervention.
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Although longer follow-up outcomes were not reported,10

these findings are consistent with our results, which show
that the difference in survival becomes manifest only after
2 years (Figure 3).

Stevens and colleagues,6 in an analysis of an administra-
tive CABG database in Massachusetts (n¼ 9642), found no
increase in long-term follow-up mortality in patients who
underwent either recent (<14 days post-PCI) or remote
PCI (�14 days post-PCI). Yap and colleagues,11 looking
at 13,184 primary isolated patients who had undergone
CABG, over a mean follow-up period of 3.3 years, found
no increase in mortality in patients who had PCI before
CABG. O’Neal and colleagues,12 in a study of 13,354
primary isolated elective patients who had undergone
CABG, and were followed over a median of 8.1 years, did
not find PCI to be an independent predictor of all-cause
mortality after primary elective CABG.

In contradistinction to this study, almost all previous
studies looking at long-term follow-up after CABG, with
prior PCI, focused on the general population undergoing
CABG, without a specific analysis of particular aspects of
patient subgroups known to be associated with suboptimal
outcomes after intracoronary stent placement.24 A myriad
of factors have been hypothesized to contribute to the
possible direct negative impact of intracoronary stents
on CABG outcomes. First, stents in general, and DES
in particular, have been found to be associated with endo-
thelial dysfunction, both locally and in distal parts of the
coronary system, leading to myocardial ischemia and loss
of myocardial substrate.13,14

Second, an increase in local and systemic inflammation,
both acute and chronic, has been reported in patients with
stent placement.15-17 Endothelial cell injury, increased
medial/adventitial wall strain, decreased shear stress, as
well as hypersensitivity, and foreign-body reaction to stents
The Journal of Thoracic and Car
have all been implicated in the perpetuation of inflamma-
tion and subsequent endothelial dysfunction associated
with stents.25 Cytostatic drugs deployed in DES, though
effective in ameliorating neo-intimal hyperplasia by
blocking medial smooth muscle proliferation, are
nonspecific and leave behind a denuded endothelium
infiltrated with thrombotic material and chronic inflamma-
tory cells.26 In histologic sections of stented and unstented
coronary atherosclerotic lesions, Yoneda and colleagues27

reported higher concentrations of T-lymphocytes and
macrophages in DES, compared with bare metal stents
and unstented lesions, at 10 months poststenting.
Furthermore, drug-eluting polymer platforms have

been incriminated in hypersensitivity reactions to DES
that occur long after the eluting drug has gone out of the
system.28 Newer specific cytostatic drugs and bio-
absorbable polymers may help address these shortcomings,
but they still require further testing. In diabetics with an
inherently compromised endothelial function19 and an
increased propensity for inflammation,20 the above
processes may be magnified.29 Together, increased
inflammation and endothelial dysfunction can jeopardize
graft patency and negatively affect CABG outcomes, as
reported in a recent small study showing a trend toward
reduced patency of grafts from the internal thoracic artery
to the left anterior descending artery in patients with left
anterior descending artery stents.18
diovascular Surgery c Volume 149, Number 5 1307
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Third, multiple stenting and long stents may impose
challenges to the ideal placement of coronary-graft
anastomoses, necessitating a default placement of these
into native vessels of smaller caliber, affecting run-off and
consequently graft patency.30 Fourth, in patients with in
situ patent stents, surgeons may opt to implant fewer grafts,
which may leave other areas of the vessel that are prone to
de novo stenosis unprotected. This situation did not occur
in our cohort, in which the number of grafts was equivalent
in the PCI-S and No-PCI CABG groups (Table 2).
Alternatively, these stented, but not grafted targets will
necessarily depend on stent durability, which is arguably
lower than that of bypass grafts, in particular arterial grafts.

The granularity of the available data does not permit
assessment of which of the aforementioned mechanisms
plays the most central role in the increased late mortality
in the PCI-S group. This apparent increased late-mortality
risk, in patients undergoing primary CABG with prior
intracoronary stent treatments, remained unchanged, even
after adjustment for operative characteristics, including
number and type of grafts used. This finding points to the
possible contribution to adverse late outcomes of the other
aforementioned factors, such as inflammation, vascular
dysfunction, and/or the graft anastomosis site. Yet, we
cannot exclude that patients with intracoronary stents repre-
sent a special high-risk subgroup with more aggressive cor-
onary artery disease explaining the increased late mortality.
That said, in our analysis, we controlled for any imbalance
of overall cardiovascular risk between the 2 exposure
groups by adjusting for multiple parameters associated
with cardiovascular risk and function.

Limitations of this study may be attributed to the
nonrandomized observational nature of the study, and the
fact that it was conducted at a single institution. In addition,
we cannot account fully for the possible increased
cardiovascular risk of the PCI-S group, despite adjusting
for multiple established cardiovascular risk factors, as
well as indicators of cardiac function. Our database did
not include sufficient detail regarding the indication for
PCI-S; the number, location, and type of stents; the number
of PCI procedures; or the time from PCI to CABG. These
factors have been implicated to modulate stent effect in
previous studies.4,6

In our cohort, PCI-S may have been performed
previously for the appropriate clinical indication (acute
coronary syndrome, or 1-vessel or 2-vessel, stable CAD,
without proximal left anterior descending or left main artery
involvement). Thus, our study does not suggest that stents
are harmful in general, but rather that a compromise of
CABG survival benefit in this high-risk patient population
might be mediated by the presence of intracoronary stents.
Given reported rates of repeat revascularization as high as
13.7% at 1 year after PCI-S, for stable CAD, in diabetics
with multivessel disease,31 our findings may inform
1308 The Journal of Thoracic and Cardiovascular Sur
practice in cases in which PCI-S may be used unduly as
an intervention to avoid surgery in diabetics who have
triple-vessel stable CAD.

In an attempt to partly address the impact of the type of
stent, we conducted a separate analysis based on stent-
type era, ie, before and after introduction of DES. We found
no significant difference between the 2 stent eras. We are,
however, very cautious in interpreting these findings, as
the stent era was used as a surrogate of stent type and
may reflect varying practice norms within the 2 eras that
could confound the observed results. In addition, data
pertaining to diabetes duration and control were not
available, given the limitations of a registry database.
Finally, cause-specific mortality data were derived from
death certificates, rather than by independent adjudication,
and cause was unknown for 18.3% of deaths.

In conclusion, to our knowledge, our study is the first to
report increased long-term mortality after primary CABG
in patients with both diabetes and triple-vessel disease
who have a history of prior PCI with intracoronary stenting.
An early, team-based approach, including a cardiologist and
a cardiac surgeon, should be implemented to achieve
optimal revascularization strategy selection for patients
who have both diabetes and triple-vessel disease, and for
close medical follow-up of those higher-risk patients
who undergo CABG and have a history of receiving intra-
coronary stents. We believe that our study is only
hypothesis generating. Future investigation is needed to
elucidate whether these findings derive from underlying
disease characteristics, implanted stents, or both.
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