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Abstract

Background: This retrospective study of prospectively collected data compared coronary artery bypass graft (CABG) surgery to drug-eluting
stenting (DES) in diabetic patients with multivessel coronary artery disease (CAD). Prior randomized trials and clinical studies have
suggested that CABG may be the preferred revascularization strategy in diabetic patients with multivessel CAD. Data are limited regarding
the impact of DES vs. CABG on clinical outcomes.

Methods: We included 205 consecutive diabetic patients who underwent either CABG (n=103) or DES (n=102). The primary clinical end
points were freedom from major adverse cardiac events (MACE) at 30 days and 1 year.

Results: Baseline characteristics were similar between both groups. At 1 year, the mortality rate was similar in the CABG and DES group
(8% vs. 10%, p=0.6) but the MACE rate was lower in the CABG group (12% vs. 27%, p=0.006) due to less repeat revascularization with
CABG (3% vs. 20%, p<0.001). Stroke occurred only in the CABG group (4% vs. 0%, p=0.04). Angiographically-documented stent
thrombosis after DES occurred in 3%. Presentation with acute myocardial infarction (hazard ratio [HR], 2.26, 95% CI, 1.13 to 4.55) and DES
(HR, 2.4, 95% ClI, 1.23 to 4.77) were positive independent predictors, whereas therapy with a statin was a negative independent predictor of
MACE (HR, 0.40, 95% CI, 0.21 to 0.76).

Conclusions: Bypass surgery was associated with less MACE primarily due to the higher repeat revascularization rate with DES and is
therefore superior to DES despite more extensive CAD in CABG patients.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction the Emory Angioplasty versus Surgery Trial (EAST) demon-

strated no significant difference in survival between surgical

Diabetic patients who undergo either coronary artery by-
pass graft (CABG) surgery [1, 2] or percutanecous coronary
intervention (PCI) [3, 4] have higher perioperative mortality
rates compared to non-diabetic patients. While less invasive,
PCI may not provide complete revascularization. Although
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and percutaneous revascularization, the Bypass Angioplasty
Revascularization Investigation (BARI) demonstrated a clear
survival advantage at 5 years in the diabetic patients ran-
domized to CABG and at 7 years in the surgical revas-
cularization group [5-8]. The Arterial Revascularization
Therapies Study (ARTS) and other smaller trials have
reported that diabetic patients treated with bare metal stents
had a greater frequency and severity of in-stent restenosis
compared with non-diabetic patients [9—14]. Combined
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endpoint analysis also found that CABG provided superior
outcomes in diabetic patients [9, 14]. These results have led
to the suggestion that CABG is the preferred mode of re-
vascularization in diabetic patients with multivessel coronary
artery disease (CAD). However, these trials used either
angioplasty alone or bare metal stents. With the widespread
use of DES and adjunctive pharmacotherapy, comparison of
this newer strategy with CABG in diabetic patients with
multivessel CAD is indicated particularly since subgroup
analysis of recent trials suggests that PCI with sirolimus-
eluting stents (Cypher, Cordis, Johnson and Johnson Corp,
Miami, Florida) and paclitaxel-eluting stents (Taxus, Boston
Scientific Corp., Natick, Massachusetts) may decrease the
in-stent restenosis rate when compared to bare metal stents in
diabetic patients [15—17].

While the value of randomized trials is unquestioned, an
important limitation is that they eliminate the majority of
patients treated and the decision process among physicians
that typically occurs in clinical practice. Thus, our analysis is
the first report to compare the safety and efficacy of DES to
CABG in diabetic patients with multivessel CAD, where
patient distribution was determined by clinical judgment
among cardiologists and cardiac surgeons.

2. Methods
2.1. Study population

Since April 2003, 103 diabetic patients with multivessel
CAD underwent CABG without concomitant valve surgery,
and 102 diabetic patients with multivessel CAD underwent
DES at Cedars-Sinai Medical Center. Patient demographic,
medical, and procedural data were recorded in a computer-
ized cardiovascular database. The assignment to CABG or
DES was made on the basis of clinical judgment among
cardiologists and cardiac surgeons. The assignment to treat-
ment involved balancing a spectrum of factors, which were
weighted differently in each individual patient. Among these
factors were extent of CAD, the feasibility of achieving
complete revascularization, age, prior surgery, current car-
diac function, co-morbidities, specific details of coronary
anatomy, general health, pulmonary function, current smok-
ing history, risk of anticoagulation, and likelihood of compli-
ance to continuing clopidogrel therapy. In general, patients
with focal disease that was amenable to percutaneous revas-
cularization underwent DES whereas patients with long dif-
fuse disease where complete revascularization could not be
accomplished with DES were referred for CABG.

The primary clinical end points were freedom from major
adverse cardiac (death, myocardial infarction, and repeat
revascularization) events (MACE) at 30 days and 1 year. The
secondary clinical end points were procedure-related com-
plications including stroke, post-procedural bleeding, pneumo-
nia, permanent pacemaker implantation, thoracocentesis, renal
failure requiring hemodialysis, atrial fibrillation, and ventricular
tachycardia/ventricular fibrillation. We included patients with

myocardial infarction, including those with myocardial infarc-
tion, left ventricular dysfunction, renal or hepatic disease, and
patients who required non-cardiac surgery. Multivessel PCI was
defined as PCI in two or more major epicardial coronary arteries
(right, left anterior descending, left circumflex arteries or left
main) or one major artery and a branch originating from another
major epicardial artery supplying different myocardial regions.
Diabetic patients were further classified as non-insulin-
dependent, which included patients treated with diet and oral
hypoglycemic agents but no insulin, and insulin-dependent,
which included patients treated with insulin regardless of other
therapies. This study was approved by the Cedars-Sinai Medical
Center Institutional Review Board.

2.2 DES

The choice of a sirolimus-eluting stent or paclitaxel-elut-
ing stent and antithrombotic agent was made by the operator.
Stent deployment was routinely performed using an initial
inflation of 12—16 atm. Intravascular ultrasound was used at
the discretion of the operator. Glycoprotein IIb/Illa antago-
nists and intra-aortic balloon pump were used if clinically
indicated. All patients received aspirin (325 mg/day)
indefinitely and a loading dose of 300 mg of clopidogrel.
Clopidogrel was continued for at least 3 months. Cardiac
enzymes were not routinely measured unless there was a
clinical suspicion of ischemia, and therefore was not a de-
signated outcome of the study.

2.3 CABG

Complete revascularization, using a left internal mam-
mary artery for revascularization of the left anterior de-
scending coronary artery, was attempted whenever possible.
Standard operative techniques for on-pump CABG for
patients were used, including standard cardiopulmonary
bypass, moderate hypothermia, and cold potassium cardio-
plegia (crystalloid or blood) for myocardial protection. Off-
pump CABG was performed using mechanical stabilization
(Octopus I and II; Medtronic, Inc, Minneapolis, Minnesota)
and intravascular shunting of the target coronary arteries.
Whenever feasible, Y or T grafts were used to avoid partial
aortic clamping when performing proximal anastomoses.
Cardiac enzymes were not measured routinely unless there
was a clinical suspicion of ischemia.

2.4. Definitions

A myocardial infarction was defined as ischemic symp-
toms associated with cardiac enzyme elevation >3 times the
upper limit of the normal value. A stroke was defined as an
acute onset of a neurologic deficit that persisted for at least
24 h. Each stroke was diagnosed by a neurologist. Lesions
were defined according to the American College of Car-
diology/American Heart Association classification [18].
Stent thrombosis was defined as an acute coronary syndrome
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with angiographically-documented partial or complete oc-
clusion in a previously successfully stented artery or occur-
rence of sudden cardiac death. Subacute stent thrombosis
was defined as thrombosis occurring after the end of DES
through 30 days. Late stent thrombosis was defined as
thrombosis occurring more than 30 days after DES.

The Parsonnet score was used to stratify the risk of death
at 30 days in patients undergoing cardiac surgery [19,20]. A
Parsonnet score >15 identified patients at high-risk for
surgical mortality.

2.5. Quantitative angiographic analysis

Quantitative coronary analysis was performed on all
cineangiograms off-line in a core laboratory using the QCA-
CMS (CMS-MEDIS Medical Imaging Systems, Nuenen,
The Netherlands) by a single experienced observer without
any prior knowledge of clinical outcomes. Paired cine frames
of 2 orthogonal views in the end-diastolic frames showing
the stenosis in its most severe projection were selected. The
lesion length in total occlusions was assessed from collateral
filling whenever possible and from the lesion length visible
after first balloon dilatation.

2.6. Statistical analysis
Continuous variables were presented as mean+SD and

were compared in the CABG and DES groups by Student’s ¢
test or the Wilcoxon rank sum test (Wilcoxon when the

Table 1
Baseline Clinical Characteristics
CABG DES p-value
n=103 n=102
Age (yrs=SD) 68+10 67+13 0.55
Male (%) 65 66 >0.9
Diabetes mellitus 0.65
Insulin-dependent (%) 25 22
Non-insulin-dependent (%) 78 80
Hypertension (%) 90 89 >0.9
Hypercholesterolemia (%) 74 74 >0.9
Current smoking (%) 15 16 >0.9
Chronic renal insufficiency 17 20 0.57
(Cr=>1.5 mg/dL)
Previous stroke (%) 10 10 >0.9
Clinical presentation 0.10
Stable angina (%) 48 42
Unstable angina (%) 36 41
Myocardial infarction (%) 17 17
Ejection fraction (%=+SD) 52+10 51+15 0.64
Previous myocardial infarction (%) 17 23 0.57
Parsonnet score (mean+SD) 15.7+8.8 16.8+10.7 0.29
Patients with Parsonnet score >15(%) 45 47 0.73
Patients with bifurcation lesions (%) 41 34 0.31
Patients with CTO (%) 14 9 0.28

CABG=coronary artery bypass graft surgery; Cr=creatinine; CTO=chronic
total occlusion; PCI=percutaneous coronary intervention, SD=standard
deviation.

Table 2
Baseline angiographic characteristics
CABG DES p-value
Vessel territory with stenosis (% of patients)
LM 29.1 9.8 <0.001
LAD 92.2 71.6 <0.001
LCX 79.6 65.7 0.03
RCA 75.7 60.8 0.03

ACC/AHA lesion type C*  91/239 (38.1%)  79/295 (26.8%)  0.007
Target vessel diameter

LM (mm) 3.94+0.67 3.90+0.67 0.53
LAD (mm) 2.92+0.68 3.01+0.77 0.19
LCX (mm) 2.54+0.60 2.90+0.81 0.005
RCA (mm) 2.87+0.70 3.15+0.86 0.014
Lesion length
LM (mm) 8.98+3.26 9.73+3.16 0.53
LAD (mm) 19.19+11.25 15.52+7.25 0.004
LCX (mm) 13.75+7.72 14.12+5.95 0.83
RCA (mm) 23.80+12.54 15.27+6.66 <0.001

LAD=left anterior descending artery; LCX=left circumflex artery;
LM=left main coronary artery; RCA =right coronary artery.

* A type C lesion was defined according to the criteria of the Modified
American College of Cardiology/American Heart Association (ACC/AHA)
lesion classification.

distributions showed evidence of non-normality). The Fisher
exact test was used to determine the significance of group
differences in categorical variables. For MACE, the event
time was the number of days from the initial procedure to the
first event. Time to death and time to MACE were censored
at 365 days. Event times for myocardial infarction, repeat
revascularization, and cerebrovascular events were censored
at the day of death or at 365 days (as appropriate). Survival
curves were generated by the Kaplan—Meier method, and
group differences were assessed by the log-rank test.
Multivariable Cox proportional hazards models were created
with the use of baseline clinical and angiographic character-
istics and procedure-related variables in order to identify
independent predictors of death and MACE. All statistical
tests were 2-tailed, and a significance level of 0.05 was used
throughout. Statistical analyses were performed using SAS
version 9.1 (SAS Institute, Cary, North Carolina) and SPSS
version 10 (SPSS Inc., Chicago, Illinois).

3. Results
3.1. Baseline characteristics

Baseline clinical and demographic characteristics are
listed in Table 1. The two groups were well matched
clinically. There were 25 (24%) insulin-dependent and 78
(76%) non-insulin-dependent diabetic patients in the CABG
group. There were 22 (22%) insulin-dependent and 80 (78%)
non-insulin-dependent diabetic patients in the DES group.
There were no significant differences in the mean Parsonnet
scores between the CABG group (15.7+8.8) and DES group
(16.8+£10.7, p=0.4). There was no significant difference in
the proportion of patients with bifurcation lesions (41% vs.



M.S. Lee et al. / International Journal of Cardiology 123 (2007) 34—42 37

34%, p=0.31) and chronic total occlusions (14% vs. 9%,
p=0.28) in the CABG and DES group, respectively.

Baseline angiographic data are presented in Table 2.
Patients in the CABG group had more involvement of left
main, left anterior descending, left circumflex, and right
coronary arteries. Patients in the CABG group also had
more type C lesions (38.1% vs. 26.8%, p=0.007). Patients
in the CABG group had smaller left circumflex (2.54+
0.60 mm vs. 2.90£0.81 mm, p=0.005) and right coronary
artery (2.87£0.70 mm vs. 3.15£0.86 mm, p=0.014) dia-
meters. Patients in the CABG group also had longer lesions
in the left anterior descending (19.19+£11.25 mm vs. 15.52+
7.25 mm, p=0.004) and right coronary arteries (23.80+
12.54 mm vs. 15.27+6.66 mm, p<0.001).

3.2. Procedural outcomes

Procedural characteristics are presented in Table 3.
Among patients allocated to CABG, off-pump CABG was
performed in 21% of cases, and a mean of 3.0£0.9 grafts per
patient were used. An internal mammary graft to the left
anterior descending artery was used in 97% of CABG
patients. Nine patients (9%) underwent DES with hemody-
namic support with intra-aortic balloon pump counterpulsa-
tion, and 5 patients (5%) with the TandemHeart percutaneous
left ventricular assist device (CardiacAssist Inc., Pittsburgh,
Pennsylvania). Seventy-seven patients (75%) underwent
DES with sirolimus-eluting stents and 11 patients (11%)
with paclitaxel-eluting stents. Fourteen patients (14%) were
treated with a combination of sirolimus-eluting stents and
paclitaxel-eluting stents. A mean of 2.8+£1.0 stents were
implanted with a total stent length of 51.9+£24.6 m. The

Table 3
Procedural characteristics for CABG and DES
CABG
Off-pump CABG (%) 21
Grafts per patient 3.0+0.9
IMA-to-LAD graft (%) 97
DES
No. of vessels treated 2.1+0.3
No of stents implanted 2.8+1.0
No. of diseased vessels stented
2 (%) 89
3 (%) 11
Stent type
Cypher (%) 75
Taxus (%) 11
Cypher and Taxus (%) 14
Total stent length (mm) 51.9+24.6
Guidance with IVUS (%) 14
Hemodynamic support with IABP (%) 9
TandemHeart percutaneous LVAD (%) 5
Glycoprotein IIb/Ila antagonists (%) 26

IABP=intra-aortic balloon pump; IMA=internal mammary artery; [VU-
S=intravascular ultrasound; LAD=left anterior descending artery;
LCX=left circumflex artery; LVAD=left ventricular assist device.

Table 4
Procedural and 30-Day outcomes
CABG DES p-value
n=103 n=102
MACE (%) 8 5 0.40
Death (%) 5 3 0.48
Myocardial infarction® (%) 2 2 >0.9
Repeat revascularization (%) 1 3 0.32
Stroke (%) 3 0 0.08
VT/VF (%) 4 0 0.04
Requirement for permanent pacemaker (%) 8 0 0.004
Renal failure requiring dialysis (%) 3 1 0.32
Repeat surgery for bleeding (%) 5 NA
Cardiac tamponade (%) 2 0 0.16

In-hospital length of stay (days+SD) 8.4+6.3 3.0+4.8 <0.001

MACE=major adverse cardiac event; VF=ventricular fibrillation; VT=
ventricular tachycardia.

* Only post-hospitalization and/or clinical myocardial infarction as car-
diac enzymes were not drawn serially after revascularization.

majority of patients were anticoagulated with unfractionated
heparin (94%). Glycoprotein IIb/Illa antagonists were used
in 26% of the PCI cases.

3.3. 30-day outcomes

The 30-day clinical outcomes are summarized in Table 4.
The MACE rate was 8% in the CABG group and 5% in the
DES group (p=0.40). Stroke occurred only in patients treated
with CABG (3% vs. 0%, p=0.08) but there were no significant
differences in mortality (5% vs. 3%, p=0.48) and myocardial
infarction (2% vs. 2%, p>0.9). The cause of death in CABG
patients included low cardiac output syndrome in 3 patients,
pneumothorax, and sepsis. One patient in the DES group died
due to iatrogenic left main coronary artery dissection.

One CABG patient underwent emergent PCI on the
second postoperative day for a ST-segment elevation myo-
cardial infarction secondary to the occlusion of a saphenous
vein graft that was anastomosed to the posterior descending
artery. Three patients underwent repeat revascularization in
the DES group. Two of these patients had subacute throm-
bosis, and one patient underwent repeat DES because of
recurrent chest pain and distal stent stenosis that was not
addressed after the initial PCI.

There was also a spectrum of secondary adverse events in
the CABG group. Five patients (5%) required repeat thoraco-
tomy for bleeding (2 for cardiac tamponade), 4 patients (4%)
developed postoperative pneumonia, 8 patients (8%) required
permanent pacemaker implantation, 8 patients (8%) developed
pleural effusions requiring thoracocentesis, 3 patients (3%)
developed renal failure requiring hemodialysis, 22 patients
(21%) developed atrial fibrillation, and 4 patients (4%)
developed ventricular tachycardia/ventricular fibrillation.

No patient in the PCI group underwent emergent CABG
for failed DES, required permanent pacemaker implantation,
developed a cardiac tamponade requiring pericardiocentesis,
or had vascular complications such as major hematoma
requiring surgery or need for vascular repair at the access
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Table 5
One-year outcomes
CABG DES p-value
n=103 n=102
MACE (%) 12 27 0.006
Death (%) 8 10 0.6
Myocardial infarction® (%) 2 8 0.1
Repeat revascularization (%) 3 20 <0.001
Stroke (%) 4 0 0.04

? Only post-hospitalization and/or clinical myocardial infarction as
cardiac enzymes were not drawn serially after revascularization.

site. One patient was admitted with acute pulmonary edema,
non-ST-segment myocardial infarction, and required hemo-
dialysis after DES.

The mean hospital length of stay was 8.4+6.3 days after
CABG and 3.0£4.8 days after DES (p<0.001).

3.4. One-year follow-up

One-year clinical outcomes are presented in Table 5. The
MACE rate was 12% in the CABG group and 27% in the DES
group (p=0.006) (Fig. 1). There were no significant dif-
ferences between the CABG and DES group in death (8% vs.
10%, p=0.6) and myocardial infarction (2% vs. 8%, p=0.1).

Between 31 days and 1 year, there were 7 deaths in the
DES group, 2 of which were cardiac-related (one from
congestive heart failure secondary to severe mitral regurgi-
tation and one sudden death possibly due to stent throm-
bosis) and 5 were non-cardiac-related (2 from sepsis, one
from head trauma after a fall, one from lung cancer, and one
from intra-abdominal bleeding after surgery).

Between 31 days and 1 year, there were 6 patients in the
DES group who had myocardial infarction. One patient had
late stent thrombosis on day 260. Another patient had an
acute infero-posterior wall myocardial infarction due to a
thrombotic occlusion of a left circumflex artery that had not
previously been stented. The remaining 4 patients had myo-
cardial infarction due to in-stent restenosis.

Repeat revascularization was performed less often after
CABG than after DES (3% vs. 20%, p<0.001). Repeat
revascularization in the DES group was performed because
of stent thrombosis (3/20 patients, 15%), in-stent restenosis
(12/20 patients, 60%), and non-culprit lesion progression
(5/20 patients, 25%). Of the 20 patients in the DES group
who had repeat revascularization, 17 underwent repeat PCI,
and 3 underwent CABG. All 3 patients in the CABG group
who underwent repeat revascularization underwent DES.

Stroke occurred only in the CABG group (4% vs. 0%,
p=0.04). One patient developed upper extremity hemiparesis,
confusion, dysphagia and pneumonia and died on postoper-
ative day 27. Another patient developed several episodes of
expressive aphasia and dysphagia secondary to multiple acute
infarcts confirmed on magnetic resonance imaging on day 204
which resolved on hospital discharge. Another patient
developed right-sided hemiataxia postoperatively and was

admitted to in-patient rehabilitation for two weeks. The
postoperative course was complicated by recurrent pleural
effusion requiring decortication and pleurodesis. Another
patient developed dysarthria postoperatively and was admitted
to in-patient rehabilitation after CABG for 13 days.

3.5. Incidence of stent thrombosis

Three patients (3%) who presented with acute myocardial
infarction had documented stent thrombosis and were treated
with repeat PCI, even though they were being treated with
clopidogrel at the time of stent thrombosis. Two patients
treated with sirolimus-eluting stents had stent thrombosis
and one patient treated with a paclitaxel-eluting stent had
stent thrombosis. Two patients had subacute thrombosis on
days 3 and 8, respectively, and one patient had late throm-
bosis on day 260. Three patients had sudden cardiac death
and had possible stent thrombosis. An 88 year-old female
with a Parsonnet score of 51, severe congestive heart failure,
severe mitral regurgitation, end-stage renal disease on
hemodialysis, and an aortic abdominal aneurysm who was
turned down for CABG after surgical consultation died
8 days after undergoing DES with 5 stents. An 81 year-old
female with a Parsonnet score of 41, severe congestive heart
failure, acute renal failure, severe peripheral vascular disease
which required vascular surgery 2 days after DES with the
TandemHeart percutaneous left ventricular assist device, and
turned down for CABG after surgical consultation died
suddenly at day 10. A 59 year-old male with a history of a
myocardial infarction and congestive heart failure died
suddenly at 270 days after PCI with 2 drug-eluting stents.

3.6. Predictors of intermediate MACE and death
The following variables were entered into a stepwise

multivariable Cox proportional hazards model for MACE:
age, sex, insulin-dependent diabetes mellitus, Parsonnet score,

Freedom from MACE at 1 year

1.0013
_ T CABG
S | T -
=0.75 T
_g DES
c
3
D 0.501
(]
o
w
Q 0.25 Log-Rank P = 0.006
=
0.004,

0 50 100 150 200 250 300 350 400
Days
Fig. 1. Kaplan—Meier estimates of freedom from MACE at | year.

MACE=major adverse cardiac events including death, myocardial infarc-
tion, and repeat revascularization.
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ejection fraction, chronic renal insufficiency, myocardial
infarction, peripheral vascular disease, use of statin, and type
of revascularization (CABG or DES). The Cox proportional
hazards regression model demonstrated that independent
predictors for MACE were presentation with acute myocardial
infarction (hazard ratio [HR], 2.26, 95% CI, 1.13 to 4.55) and
DES (HR, 2.4, 95% CI, 1.23 to 4.77). Therapy with a statin
was a negative independent predictor for MACE (HR, 0.40,
95% CI, 0.21 to 0.76). The Cox proportional hazards
regression model demonstrated that independent predictors
for death were the ejection fraction (HR, 0.97, 95% CI, 0.94 to
1.00) and Parsonnet score (HR, 1.08; 95% CI, 1.03 to 1.12).

4. Discussion

The most important result of our study is that despite
more complex lesions, smaller vessel size, and longer le-
sions, CABG was associated with less MACE in diabetic
patients with multivessel CAD. This result is primarily due
to the increased need for repeat revascularization in the DES
group. Thus, although DES reduces the rates of revascular-
ization compared to bare metal stenting, the revasculariza-
tion rate still remained a critical endpoint in our study.
Bypass surgery was associated with a higher incidence of
stroke and other important adverse post operative events.

It has been generally accepted that CABG is the preferred
revascularization strategy in diabetic patients with multivessel
CAD. This conclusion has been based upon the results of the 5-
year follow-up of the BARI trial [6] and the 8-year analysis of
the EAST [8], in which a significantly higher mortality rate
occurred in the PCI group. Similarly, ARTS reported that the 1-
year mortality was twice as high (6.3% vs. 3.1%, p=NS) in
diabetics assigned to PCI [9]. Our results are more consistent
with bare metal stent studies in which clinical judgment rather
than randomization was used to distribute patients to the two
treatment arms. In the Angina With Extremely Serious
Operative Mortality Evaluation (AWESOME) trial and the
BARI registry, there was no significant difference in long-term
mortality [21-23]. In ARTS II [24], subgroup analysis of the
diabetic subgroup suggested that the one year major adverse
cardiac and cerebrovascular event rate in DES patients
(15.7%) was similar to that in the patients treated with
CABG in ARTS I (14.6%). However, this comparison is
severely limited as ARTS II was a non-randomized trial where
operators chose patients for DES in an attempt to match
already known outcomes from the CABG cohort of ARTS 1.
Our data demonstrates that DES was associated with increased
l-year MACE suggesting introduction of current DES
technology is not adequate in reducing revascularization in
diabetic patients to match CABG.

The one year mortality in our study (8% with CABG and
10% with DES) was higher than has been reported in other
trials. The excessive number of deaths in the DES group that
occurred between day 31 and 1 year are concerning. How-
ever, there were only 2 cardiac-related deaths, one of which
was caused by severe mitral regurgitation and the other death

that was sudden, possibly related to stent thrombosis. In
ARTS 1I [25], these values were 3.1% and 2.5%. These
differences reflect the inclusion of high-risk patients (mean
Parsonnet score in the CABG group, 15.7+8.8, and DES
group, 16.8+£10.7). In the randomized trials patients with left
ventricular dysfunction, recent myocardial infarction, previ-
ous stroke, severe hepatic or renal disease, and those who
required surgery (i.e. carotid endarterectomy and peripheral
vascular surgery) were excluded. Our study included all such
patients. Thus, while randomized trials provide unbiased
data for rigorous statistical comparisons, our data is more
representative of the outcomes that are likely to be obtained
by high quality clinical programs, providing additional
insight for health policy analysis.

Compared to CABG, the principal limitation of PCI with
bare metal stents is the need for repeat revascularization,
especially in diabetic patients [21, 26, 27]. In ARTS [26], this
difference in one year repeat revascularization was striking:
22.3% for PCI vs. 3.1% for CABG. In our study, this dif-
ference persisted as DES failed to demonstrate any difference
in repeat revascularization (DES, 20% vs. CABG 3%,
»<0.001). These results are consistent with the higher repeat
revascularization rates seen in the diabetic cohort in ARTS II
(DES, 12.5% vs. CABG, 4.1%) [24] and represent the
principal limitation of the DES strategy. In-stent restenosis
was accountable for 12 of the 20 cases of repeat revascular-
ization and 4 of the 6 cases of myocardial infarction between
31 days and 1 year. The two other cases of myocardial
infarction in the DES group were attributable to late stent
thrombosis and thrombotic occlusion of an artery that was
previously not intervened upon. Bypass surgery may therefore
be superior to DES in preventing myocardial infarction as
longer-term follow-up is achieved because it is not associated
with stent restenosis and thrombosis, and arterial or venous
grafts may protect from potentially fatal consequences of
atherosclerotic progression and plaque rupture [28, 29].

Progressive atherosclerosis is responsible for repeat re-
vascularization in a significant number of diabetic patients
[30, 31]. Progression of non-stented lesions was the reason
for revascularization in 28% of patients in our study. Most
obstructive lesions occur within the proximal 6 cm of epi-
cardial arteries, the coronary artery segment that is usually
bypassed by a graft [31]. Thus, in BARI, approximately 50%
of the survival benefit observed with CABG was due to an 8-
fold reduction in mortality in diabetic patients who sustained
a Q-wave myocardial infarction. Furthermore, CABG pro-
vides more complete revascularization. Stented patients in
ARTS with less complete revascularization were more likely
to require subsequent CABG [32].

An important adverse event in the DES group in our study
was the 3% angiographically-documented stent thrombosis
rate. If we include patients who had sudden cardiac death
from no identifiable cause, the stent thrombosis rate in-
creases to 6%. Four of these events occurred within 30 days,
and 2 of these events occurred after 30 days. All 3 patients
with angiographically-documented stent thrombosis were
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being treated with dual antiplatelet therapy. This rate is
higher than the stent thrombosis rate of 1.3% reported by
Takovou et al in 2229 consecutive patients treated with DES
[33]. In addition to diabetes, key predictors of stent throm-
bosis were renal failure, bifurcation lesions, and low ejection
fraction, and for subacute thrombosis, stent length. In the
Intracoronary Stenting and Angiographic Results—Do
Diabetic Patients Derive Similar Benefits from Paclitaxel-
Eluting and Sirolimus-Eluting Stents (ISAR-DIABETES)
trial [34], only one patient (0.4%) had stent thrombosis,
although this study excluded high-risk patients with acute
myocardial infarction, left main coronary artery stenosis, and
in-stent restenosis. In the Diabetes and Sirolimus-Eluting
Stent (DIABETES) trial [35], where patients were treated
with clopidogrel for one year, there was no incidence of stent
thrombosis in the 80 patients treated with sirolimus-eluting
stents. However, the Argentine Randomized Trial of Coro-
nary Stents versus Bypass Surgery (ERACI) III trial reported
a stent thrombosis rate of 3.1% in the 225 patients with
multivessel CAD treated with DES at 1 year [36]. The
patients in our study who experienced stent thrombosis each
had 2 or more key predictors for stent thrombosis. In the 4
patients with subacute thrombosis, the average stent length
was 55.8 mm. Five of the 6 patients with stent thrombosis
had left ventricular dysfunction, 3 of the patients had renal
failure, and 2 of the patients had bifurcation lesions. Our
results suggest the immediate need for studies that assess
whether more aggressive antiplatelet therapy might decrease
the stent thrombosis rate in diabetic patients undergoing
multivessel DES. Lee et al. [37] reported that triple anti-
platelet therapy with aspirin, clopidogrel or ticlopidine, and
cilostazol appeared to be more effective in preventing
thrombotic complications after stenting without an increased
risk of side effects compared with dual antiplatelet therapy.
This regimen might be safely applied in diabetic patients
who undergo multivessel DES.

The incidence of stroke at one year in the CABG group
was 4%. This rate of cerebrovascular events is compared to
that of diabetic patients who underwent CABG in ARTS at
one year follow-up (6.3%) [26], and the 2—3% rate com-
monly reported in the non-diabetic population [38]. This
increased risk may reflect impaired autoregulation of the
cerebrovasculature as well as diffuse atherosclerosis of the
aortic, carotid, and cerebral arteries as well as our inclusion
of higher-risk patients than those in randomized trials. Given
the more advanced atherosclerosis observed in the CABG
group, it is not unexpected that more strokes were observed
in this group. Although only one of the patients who under-
went off-pump CABG had a stroke, Cheng et al [39] reported
no benefit of off-pump CABG on stroke. Perioperative
stroke was an independent predictor of death in patients who
underwent CABG [40]. One patient who had a stroke died
from pneumonia.

We also found a significant rate of important but less serious
complications in our CABG patients. Repeat thoracotomy for
bleeding, postoperative pneumonia, permanent pacemaker

implantation, pleural effusions requiring thoracocentesis, renal
failure requiring hemodialysis, atrial fibrillation, or ventricular
tachycardia/ventricular fibrillation occurred in 53% of our
CABG population, compared to 1% in the DES group. These
complications contributed to more than double the length of
stay in our CABG patients compared to our DES patients.
Some of these complications were as serious and as expensive
as rehospitalization for repeat revascularization, but are not
included in the primary composite endpoint, an illustration of
the difficulty inherent in drawing a conclusion from a single
composite endpoint composed of events with markedly
different impact on patient welfare.

4.1. Limitations

Our study has several important limitations. Most impor-
tant is that our current follow-up period is only one year.
Since DES is a recent development, in longer follow-up this
strategy may not match the superior long-term clinical
outcomes of a left internal mammary to the left anterior
descending artery graft, which has a patency rate of more
than 90% at 10 years and improves survival and freedom
from further cardiovascular events [41, 42]. This outcome is
suggested by several studies that show CABG superiority
emerges only after 5 to 6 years [43]. This study was non-
randomized, observational, uncontrolled, and without spe-
cific protocols, and therefore limits any direct comparisons
of the two methods of revascularization. The rate of myo-
cardial infarction may be underestimated because cardiac
enzymes and electrocardiograms were not routinely obtained
in patients after revascularization. This may have under-
estimated the real incidence of myocardial infarction in the
diabetic patients, especially in the DES group, who may have
had silent infarcts. The restenosis rate after DES in diabetic
patients with multivessel CAD remains undefined because
late systematic angiography was not performed in all of our
patients. Only 26% of patients who underwent DES received
glycoprotein IIb/Illa antagonists even though a pooled
analysis of Evaluation of c7E3 Fab for Prevention of Ische-
mic Complications (EPIC), Evaluation in PTCA of Improve
Long-Term Outcome with Abciximab GP IIb/Illa Blockade
(EPILOG), and Evaluation of Platelet IIb/Illa Inhibitor for
Stenting (EPISTENT) trials of 1462 diabetic patients demon-
strated that treatment with abciximab reduced one year
mortality and myocardial infarction [44]. Patients were sub-
jected to a large treatment bias as patients who had focal
disease usually underwent DES while patients who had more
extensive CAD including longer lesions, smaller vessels, and
more complex disease underwent CABG.

4.2. Conclusions

Bypass surgery was associated with less MACE in
diabetic patients with multivessel CAD at one year follow-
up, primarily due to the higher repeat revascularization rate
with DES and is therefore superior to DES despite more
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extensive CAD in CABG patients. The ongoing Future Re-
vascularization in Patients With Diabetes Mellitus: Optimum
Management of Multivessel Disease (FREEDOM), Coronary
Artery Revascularisation in Diabetes (CARDIA), Bypass
Angioplasty Revascularization Investigation 2 Diabetes
(BARI-2D), and the Veterans Administration trials will pro-
vide further insights on the optimal revascularization strategy
in diabetic patients with multivessel CAD to provide a basis
for re-evaluation of treatment guidelines for revascularization
in the DES era. Our study, although less scientifically rigo-
rous, may provide important insight into the results that are
likely to be obtained in actual clinical practice.
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