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Benefits of Off-Pump Coronary Artery Bypass Grafting in
High-Risk Patients

Akira Marui, MD, PhD; Hitoshi Okabayashi, MD, PhD; Tatsuhiko Komiya, MD; Shiro Tanaka, PhD;
Yutaka Furukawa, MD, PhD; Toru Kita, MD, PhD; Takeshi Kimura, MD, PhD;
Ryuzo Sakata, MD, PhD; The CREDO-Kyoto Investigators

Background—The benefits of off-pump coronary artery bypass graft (OPCAB) compared with conventional on-pump
coronary artery bypass graft (CCAB) remain controversial. Thus, it is important to investigate which patient subgroups
may benefit the most from OPCAB rather than CCAB.

Methods and Results—Among the patients undergoing first coronary revascularization enrolled in the CREDO-Kyoto
Registry (a registry of first-time percutaneous coronary intervention and coronary artery bypass graft patients in Japan),
2468 patients undergoing coronary artery bypass graft were entered into the study (mean age, 67*9 years). Predicted
risk of operative mortality (PROM) of each patient was calculated by logistic EuroSCORE. Patients were divided into
tertile based on their PROM. Mortality rates and the incidences of cardiovascular events were compared between CCAB
and OPCAB within each PROM tertile using propensity score analysis. A total of 1377 patients received CCAB whereas
1091 received OPCAB. Adjusted 30-day mortality was not significantly different between CCAB and OPCAB patients
regardless of their PROM range. However, the odds ratio of 30-day stroke in CCAB compared with OPCAB in the
high-risk tertile was 8.30 (95% confidence interval, 2.25-30.7; P<<0.01). Regarding long-term outcomes, hazard ratio
of stroke in CCAB compared with OPCAB in the high-risk tertile was 1.80 (95% confidence interval, 1.07-3.02;
P=0.03). Nevertheless, hazard ratio of overall mortality in the high-risk tertile was 1.44 (95% confidence interval,
0.98-2.11; P=0.06), indicating no statistically significant difference between the 2 procedures.

Conclusions—OPCAB as opposed to CCAB is associated with short-term and long-term benefits in stroke prevention in
patients at higher risk as estimated by EuroSCORE. No survival benefit of OPCAB was shown regardless of
preoperative risk level. (Circulation. 2012;126[suppl 1]:S151-S157.)

Key Words: coronary artery bypass graft s high-risk populations m off-pump surgery

As awareness of the potential morbidity of cardiopulmo-
nary bypass and aortic manipulation increased and as
surgical tools and techniques were improved, off-pump cor-
onary artery bypass grafting (OPCAB) gained widespread
acceptance and entered the mainstream of clinical practice.!
OPCAB is part of the procedural armamentarium of a
growing proportion of surgeons worldwide.

The advantages of OPCAB compared with conventional
on-pump coronary artery bypass graft (CCAB) remain a
source of controversy, however. Several randomized con-
trolled trials (RCT) have been conducted over the past decade
to compare the outcomes of these 2 procedures. Equivalent
short-term and long-term angiographic graft patency has been
demonstrated, but the benefits of OPCAB with regard to
mortality and morbidity remain unclear.>-> Several retrospec-

tive studies have reported that OPCAB is associated with
lower incidences of death and stroke.6-'! This finding may
result, at least partially, from the fact that the benefits of
OPCAB are not prominent in RCT that excluded high-risk
patients. Thus, it is important to investigate which patient
subgroups may benefit the most from OPCAB rather than
CCAB. In addition, OPCAB is used more frequently in Japan
than it is in the United States or Europe, which may enable a
more reliable comparison between CCAB and OPCAB using
Japanese data.!>-!4

The Coronary Revascularization Demonstrating Outcome
Study in Kyoto (CREDO-Kyoto) is a multicenter registry in
Japan enrolling 9877 consecutive patients undergoing first
percutaneous coronary intervention or coronary artery bypass
graft (CABG).'> In the present study, we sought to investigate

From the Department of Cardiovascular Surgery (A.M., R.S.), Kyoto University Graduate School of Medicine, Kyoto, Japan; Translational Research Center,
Kyoto University Hospital (A.M., S.T.), Kyoto, Japan; Department of Cardiovascular Surgery (H.O.), Iwate Medical University School of Medicine, Morioka,
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the benefits of OPCAB using the data from the CREDO-
Kyoto registry. The purpose of the present study was to
stratify the patients into subgroups according to the logistic
European Systems for Cardiac Operative Risk Evaluation
(EuroSCORE)'%:17 and to investigate which patient subgroups
can be expected to benefit the most from OPCAB rather than
CCAB.

Patients and Methods

Study Population
The CREDO-Kyoto is a multicenter registry in Japan that enrolls
consecutive patients undergoing first percutaneous coronary inter-
vention or CABG and that excludes those patients with acute
myocardial infarction within 1 week before the index procedure.'s
This study was approved by the Institutional Review Boards or
Ethics Committees of all participating institutions. Because the
subjects were retrospectively enrolled, written informed consent was
not obtained, in accordance with the guidelines for epidemiological
studies issued by the Ministry of Health, Labor, and Welfare of
Japan. However, 73 patients were excluded because of their refusal
to participate in the study when contacted for follow-up.'s
Between January 2000 and December 2002, 9877 patients were
identified as having undergone either percutaneous coronary inter-
vention (6878 patients) or CABG (2999 patients) without history of
coronary revascularization. Among the 2999 patients undergoing
CABG, 484 patients undergoing concomitant valvular, left ventric-
ular, or major vascular operations were excluded from the current
analysis. In addition, 47 patients whose records lacked the data
required to calculate the logistic EuroSCORE were also excluded.
Therefore, the study group comprised 2468 patients undergoing first
isolated CABG.

Data Collection and Definitions

Demographic, angiographic, and procedural data were collected
from hospital charts or databases at the various centers by indepen-
dent clinical research coordinators according to prespecified defini-
tions. Baseline clinical characteristics, such as myocardial infarction,
heart failure, diabetes, hypertension, current smoker status, atrial
fibrillation, chronic obstructive lung disease, and malignancy were
regarded as present when these diagnoses were recorded in the
hospital charts. Left ventricular ejection fraction was measured either
by contrast left ventriculography or by echocardiography. Chronic
kidney disease was regarded as present when creatinine clearance
estimated according to the Cockcroft-Gould formula was <60
mL/min. Anemia was defined as a blood hemoglobin level <12
g/dL, as previously described.'s

End Points

An independent clinical events committee adjudicated events. Death
was regarded as cardiovascular in origin unless obvious noncardio-
vascular causes could be identified. Any death during the index
hospitalization was regarded as cardiovascular death. Myocardial
infarction was adjudicated according to the definition in the Arterial
Revascularization Therapy Study.'® Within 1 week of the index
procedure, only Q-wave myocardial infarction was adjudicated as
myocardial infarction. Stroke was defined as any new permanent
global or focal neurological deficit that could not be attributed to
other neurological or medical processes. In the majority of patients,
strokes were diagnosed by neurologists and confirmed by computed
tomography or magnetic resonance imaging head scans. Stroke at
follow-up was defined as symptomatic stroke.

Primary end point was death from any cause. Secondary end
points were cardiovascular death, stroke, myocardial infarction,
composite cardiovascular event (cardiovascular death, stroke, or
myocardial infarction), and need for any revascularization proce-
dures (CCAB or OPCAB) during the follow-up period.

Table 1. Baseline Characteristics

CCAB, n=1377 OPCAB, n=1091 *P
Age (y) 66.3+9.5 68.5+9.4 <0.01
75y or older 259 19% 308 28% <0.01
Male 1002 73% 784 2% 0.62
Body mass index (%) 23.5+3.2 235x3.2 0.61
=25% 386 28% 327 30% 0.30
N of diseased vessels  2.56x0.74 2.48+0.78 0.01
2-vessel disease 302 22% 266 24% 0.15
3-vessel disease 942 68% 692 63% <0.01
Left main disease 406 29% 319 29% 0.93
Ejection fraction 58.7+15.0 61.5£13.5 <0.01
<40% 173 13% 84 8% <0.01
Previous myocardial 485 35% 345 32% 0.07
infarction
Heart failure 315 23% 300 27% <0.01
Atrial fibrillation 79 6% 63 6% 1.00
Proximal LAD disease 797 58% 657 60% 0.25
Total occlusion 659 48% 451 41% 0.01
History of stroke 235 17% 292 27%  <0.01
Peripheral vascular 235 17% 253 23%  <0.01
disease
Chronic obstructive 31 2% 22 2% 0.78
pulmonary disease
Emergency procedure 73 5% 67 6% 0.38
Diabetes mellitus 636 46% 498 46% 0.81
Diabetes with insulin 184 13% 126 12% 0.18
therapy
Hypertension 915 66% 814 75% <0.01
Hyperlipidemia 705 51% 616 56% <0.01
Hemodialysis 66 5% 53 5% 1.00
Chronic kidney disease 599 44% 496 45% 0.35
Malignancy 83 6% 79 7% 0.07
Hemoglobin 12.7+2.0 126+19 0.13
<12 mg/dL 455 33% 364 33% 0.54
Current smoker 355 26% 257 24% 0.14

CCAB indicates conventional on-pump coronary artery bypass graft; LAD, left
anterior descending artery; OPCAB, off-pump coronary artery bypass graft.
*P is for comparison among CCAB and OPCAB.

Risk Stratification by Logistic EuroSCORE
EuroSCORE was used to calculate predicted risk of mortality
(PROM).!7t¢ Based on their PROM, patients were stratified into
low-risk (PROM <3%), intermediate-risk (PROM 3% to <6%), and
high-risk (PROM =6%) tertiles.

Statistical Analyses
All continuous variables were expressed as the meanzstandard
deviation. Differences in baseline characteristics between the 2
groups were examined by unpaired ¢ test and Fisher exact test.
Outcomes after CCAB or OPCAB according to tertiles of PROM
were compared by the propensity score-adjusted logistic regression
or Cox proportional hazard models.’” These analyses were per-
formed according to the intent-to-treat principle. The PROM of each
patient was calculated based on the logistic EuroSCORE and used to
divide patients into tertiles. Propensity scores, ie, the probability that
a patient would undergo CCAB or OPCAB, were calculated for each

Downloaded from hitp:/circ.ahajournals.org/ at KYOTO UNIVERSITY IGAKU-TOSHOKA on May 7, 2013



Marui et al
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CCAB, n=1377 OPCAB, n=1091 P

N of anastomotic sites 3.3x1.0 3.2+1.3 <0.01
Type of bypass grafts

Left internal thoracic artery 1260 92% 1024 94% 0.03

Right internal thoracic artery 180 13% 571 52% <0.01

Right gastroepiploic artery 276 20% 366 34% <0.01

Radial artery 540 39% 250 23% <0.01

Saphenous vein 1022 74% 460 42% <0.01
Total arterial revascularization 355 26% 631 58% <0.01
N of anastomotic vessels 2.6+0.6 2407 <0.01

CCAB indicates conventional on-pump coronary artery bypass graft; OPCAB, off-pump coronary artery bypass graft.

patient according to a logistic regression model that includes the
following confounders: age; gender; body mass index; emergency
procedure; critical preoperative state (ventricular tachycardia/
ventricular fibrillation or aborted sudden death, preoperative cardiac
massage, preoperative ventilation before arrival in the anesthetic
room, preoperative inotropes or intra-aortic balloon pump, preoper-
ative acute renal failure); previous myocardial infarction, congestive
heart failure; stroke; peripheral arterial disease; carotid artery dis-
ease; atrial fibrillation; chronic obstructive pulmonary disease; ma-
lignancy; hypertension; diabetes; hemodialysis; chronic kidney dis-
ease; anemia; current smoker status; left ventricular ejection fraction;
total occlusion; proximal left anterior descending disease; triple-
vessel disease; left main disease; and use of left internal thoracic
artery, right internal thoracic artery, gastroepiploic artery, radial
artery, or saphenous vein. The C statistics for the fitted logistic
regression model was 0.820, indicating that the model fitting was
excellent. These confounding factors were adjusted for by stratifying
patients into quartiles according to propensity scores. Differences in
odds ratios or hazard ratios across the PROM tertiles were examined
by tests for interaction terms.

All reported probability values were 2-sided. All analyses were
conducted by a statistician using SAS software version 9.2 (SAS
Institute, Cary, NC) and S-Plus version 7.0 (Insightful, Seattle, WA).
The authors had full access to the data and take responsibility for
their integrity.

Results

Baseline Characteristics and Operative Outcomes
Of the 2468 patients in the CREDO-Kyoto registry, 1377
patients (56%) received CCAB and 1091 (44%) received
OPCAB. Baseline characteristics of the patients in the 2
groups are presented in Table 1. The OPCAB group included
more high-risk patients, such as those with older age, heart
failure, history of stroke, and peripheral arterial disease. The
number of diseased vessels per patient was typically higher in
the CCAB group. The number of patients with left main
disease was similar between the groups.

The average number of anastomotic sites per patient was
3.3+1.0 in the CCAB group and 3.2*1.3 in the OPCAB
group (Table 2). Left internal thoracic artery grafts were used
similarly in both groups. However, arterial grafts in such
vessels as the right internal thoracic artery and the gastroepi-
ploic artery were used more commonly in the OPCAB group.
Total arterial revascularization was more common in the
OPCAB group.

The 30-Day Outcomes
Unadjusted 30-day mortality was 2.2% in the CCAB group
and 0.82% in the OPCAB group. A comparison of 30-

day outcomes in the CCAB and OPCAB groups, catego-
rized according to PROM tertile, is presented in Table 3.
Propensity-adjusted 30-day mortality was not significantly
different between the groups regardless of the PROM range.
Proportions of 30-day stroke were similar between the 2
groups in the low-risk and intermediate-risk tertiles, but the
odds ratio of 30-day stroke in CCAB compared with OPCAB
was 8.30 (95% confidence interval [CI], 2.25-30.7; P<<0.01).
Proportions of 30-day myocardial infarction were similar
between the 2 groups in the high-risk tertile. Those composite
cardiovascular events were also similar between the 2 groups
in the low-risk tertile, but the odds ratio of composite event
was 2.72 (95% CI, 1.10-6.72; P=0.03) in the intermediate-
risk tertile and 2.58 (95% CI, 1.27-5.23; P=0.01) in the
high-risk tertile.

Long-Term Qutcomes

Clinical follow-ups were completed for 98% of the cases at 1
year and for 95% of the cases at 2 years. The median
follow-up period was 1314 days. Unadjusted overall mortal-
ity rates in the CCAB and OPCAB groups were 4.9% and
4.1% at 1 year, and 14.6% and 14.9% at § years, respectively.
The Figure shows the Kaplan—Meier curves for all-cause
mortality and stroke stratified by PROM. The 3 groups had
significantly different rates of all-cause death and stroke
(P<0.01, respectively).

A comparison of long-term outcomes in the CCAB and
OPCAB groups, categorized according to PROM tertile, is
presented in Table 4. Propensity-adjusted overall mortality
was not significantly different between the CCAB and OP-
CAB groups regardless of the PROM range, although mor-
tality after CCAB tended to be higher in the high-risk tertile
(1.44; 95% CI, 0.98-2.11; P=0.06). Adjusted incidence of
myocardial infarction was similar between the procedures
except in the intermediate-risk tertile. Adjusted incidence of
any revascularization was similar between the 2 groups
regardless of the PROM range. Adjusted incidence of stoke
was similar between the 2 groups in the low-risk and
intermediate-risk tertiles, but the hazard ratio of the
incidence of stroke in CCAB compared with OPCAB in
high-risk tertile was 1.80 (95% CI, 1.07-3.02; P=0.03). In
addition, the hazard ratios of the incidence of composite
cardiovascular events in CCAB compared with OPCAB in
the intermediate-risk and high-risk tertiles were 1.68 (95%
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Table 3. Propensity Score Analysis of 30-Day Qutcomes in 2468 Patients Undergoing Coronary Artery

Bypass Graft

Subgroup by Events (CCAB Odds Ratio
EuroSCORE N vs OPCAB) (CCAB vs OPCAB) 95% Ci P
30-day death
<3% 793 0
3%—6% 860 2 464 0.68 314 012
=6% 815 19 7 2.35 0.84 6.58 0.10
Composite event*
<3% 793 16 5 2.05 0.64 6.55 0.22
3%—6% 860 21 12 2.72 1.10 6.72 0.03
=6% 815 38 14 2.58 1.27 5.23 0.01
Myocardial infarction
<3% 793 10 3 1.55 0.33 7.32 0.58
3%—6% 860 5 4.01 1.04 15.5 0.04
=6% 815 6 0.49 0.13 1.78 0.28
Stroke
<3% 793 3 2 1.74 0.26 11.9 0.57
3%—6% 860 12 6 2.95 0.88 9.92 0.08
=6% 815 20 3 8.30 2.25 30.7 <0.01

CCAB indicates conventional on-pump coronary artery bypass graft; Cl, confidence interval; OPCAB, off-pump coronary artery

bypass graft.

The confounders used to calculate propensity scores are as follows: age; gender; body mass index; emergency procedure; critical
preoperative state; previous myocardial infarction; congestive heart failure; stroke; peripheral arterial disease; carotid artery disease; atrial
fibrillation; chronic obstructive pulmonary disease; malignancy; hypertension; diabetes; hemodialysis; chronic kidney disease; anemia;
current smoker status; left ventricular ejection fraction; total occlusion; proximal left anterior descending artery disease, triple-vessel
disease; left main disease; and use of left internal thoracic artery, right internal thoracic artery, gastroepiploic artery, radial artery,

or saphenous vein.

*Composite event: cardiovascular death, stroke, or myocardial infarction.

CI, 1.07-2.66; P=0.03) and 1.46 (95% CI, 1.03-2.08;
P=0.03), respectively.

Discussion

Principal Findings

Because the benefits of OPCAB compared with CCAB
remain controversial, the present study was designed to
identify the patient subgroups that are likely to benefit the
most from OPCAB rather than CCAB. Patients were divided

into tertiles (low-risk, intermediate-risk, and high-risk) based
on their PROM as calculated using the logistic EuroSCORE.

Thirty-day outcomes revealed no significant difference in
survival between the CCAB and OPCAB groups regardless
of the PROM range. In the high-risk tertile, however, OPCAB
was associated with lower incidence of stroke and composite
cardiovascular event. Long-term outcomes likewise revealed
no significant difference in survival between the CCAB and
OPCAB groups regardless of preoperative risk level. In the
high-risk tertile, however, stroke rate was significantly higher
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Table 4. Propensity Score Analysis of Long-Term Outcomes in 2468 Patients Undergoing Coronary Artery

Bypass Graft

Subgroup by Events (CCAB Hazard Ratio
EuroSCORE N vs OPCAB) (CCAB vs OPCAB) 95% Cl P
All-cause mortality
<3% - 793 17 15 1.08 0.47 2.47 0.86
3%—6% 860 49 31 1.35 0.77 2.36 0.29
=6% 815 85 81 1.44 0.98 211 0.06
Composite event*
<3% 793 36 18 1.29 0.68 247 0.44
- 3%—6% 860 81 46 1.68 1.07 2.66 0.03
=6% 815 108 78 1.46 1.03 2.08 0.03
Myocardial infarction
<3% 793 18 6 1.78 0.60 5.30 0.30
3%—6% 860 20 8 3.55 1.33 9.50 0.01
=6% 815 16 15 0.74 0.32 1.7 0.48
Stroke
<3% 793 14 10 1.15 0.46 2.88 0.77
3%-6% 860 44 24 1.64 0.87 3.09 0.13
=6% 815 48 33 1.80 1.07 3.02 0.03
Any revascularization
<3% 793 64 33 1.26 0.78 2.02 0.35
3%—6% 860 51 48 0.75 0.46 1.21 0.23
=6% 815 40 48 0.74 0.45 1.22 0.24

CCAB indicates conventional on-pump coronary artery bypass graft; Cl, confidence interval; OPCAB, off-pump coronary artery

bypass graft.

The confounders used to calculate propensity scores are as follows: age; gender; body mass index; emergency procedure; critical
preoperative state; previous myocardial infarction; congestive heart failure; stroke; peripheral arterial disease; carotid artery disease; atrial
fibrillation; chronic obstructive pulmonary disease; malignancy; hypertension; diabetes; hemodialysis; chronic kidney disease; anemia;
current smoker status; left ventricular ejection fraction; total occlusion; proximal left anterior descending artery disease; triple-vessel
disease; left main disease; and use of left internal thoracic artery, right internal thoracic artery, gastroepiploic artery, radial artery,

or saphenous vein.

*Composite event: cardiovascular death, stroke, or myocardial infarction.

after CCAB, whereas in both intermediate-risk and high-risk
patients the incidence of composite cardiovascular events was
higher after CCAB. These results indicate that OPCAB
improves both early and late stroke outcomes compared with
CCAB in high-risk patients. Stil, OPCAB may not be
associated with any survival benefit even in high-risk
patients.

In the present study, we could not show that OPCAB was
associated with survival benefit in high-risk patients, al-
though mortality tended to be higher after CCAB in both
30-day and long-term outcomes (P=0.10 and P=0.06, re-
spectively). In addition, the incidence of myocardial infarc-
tion was similar between the 2 groups in the low-risk and
high-risk tertiles but was higher after CCAB in the
intermediate-risk tertile. This trend was different from those
of other end points. These outcomes might have been influ-
enced by sample size or numbers of events.

CCAB vs OPCAB: RCT and Meta-Analysis

Although a number of RCT comparing CCAB and OPCAB
have been performed, until recently, these were not of
sufficient size to show statistically significant differences.
Several recent studies have been of sufficient size but have

failed to demonstrate the superiority of OPCAB compared
with CCAB. OPCAB may reduce bleeding or atrial fibrilla-
tion, but it is not associated with any significant difference in
the incidences of death, myocardial infarction, or stroke.>5 A
large RCT by Shroyer et al* demonstrated that patients
undergoing OPCAB had worse composite outcomes and
poorer graft patency compared with patients undergoing
CCAB. There was no difference in neurocognitive outcomes.

To compensate for the shortcomings of RCT, several
meta-analyses also have been performed. Like the RCT, most
of these meta-analyses have concluded that mortality, stroke,
and myocardial infarction were not reduced in OPCAB3.20-22
Moller et al?® reported that there were no significant differ-
ences in mortality, myocardial infarction, stroke, or renewed
revascularization in a meta-analysis of 66 RCT. However,
Sedrakyan et al?* reported that OPCAB was associated with
benefits in terms of stroke prevention. Another recent large
meta-analysis by Afilao et al,2® which included 59 RCT,
compared in-hospital and 30-day outcomes after CCAB and
OPCAB, and reported that OPCAB did not reduce mortality
or myocardial infarction compared with CCAB. OPCAB was
associated with a 30% reduction in stroke, but meta-
regression analysis showed that the benefits of OPCAB with
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regard to prevention of death, myocardial infarction, and
stroke were similar to those of CCAB regardless of patient
age, gender, number of grafts, and trial publication date.

CCAB vs OPCAB: Registry

However, several large registry data analyses, including the
present study, have provided compelling evidence in favor of
OPCAB.°-'! Puskas et al® reported that OPCAB provides
significant early mortality and morbidity advantages, espe-
cially for women; over the course of 10 years of follow-up,
however, OPCAB and CCAB result in similar survival rates,
regardless of gender. Hannan et al'® reported that OPCAB is
associated with lower in-hospital mortality and complication
rates than CCAB, but long-term outcomes are comparable
between the 2 groups, except with regard to the rate of
revascularization. An intention-to-treat analysis of 42477
patients from the Society of Thoracic Surgeons National
Adult Cardiac database showed a reduction in risk-adjusted
mortality, stroke, and preoperative myocardial infarction in
patients undergoing OPCAB.!!

The reasons for these differences in outcomes between the
RCT data and the registry data are unclear. The greater
technical difficulty of OPCAB may make it difficult to
compare the outcomes of CCAB and OPCAB; in comparison
with CCAB, OPCAB is a more technically demanding
procedure, especially when it involves branches of the cir-
cumflex territory or the peripheral right coronary artery
territory. Complete revascularization sometimes may be dif-
ficult for inexperienced surgeons. Moreover, the limitations
of RCT are attributable, in part, to the limitations involved in
patient selection for enrollment. “Truly high-risk” patients are
often excluded from such comparisons for ethical reasons.
Thus, a comparison of the RCT data with the registry data
may play an important role in clarifying the true differences
between the 2 procedures and/or the true benefits of OPCAB.
Regarding observational studies, the impact of selection bias
in determining the operative technique to be used for any
given patient in these series may be a confounding variable.

Benefits of OPCAB in High-Risk Patients
As shown in the present study, OPCAB may be associated
with better outcomes, particularly in high-risk populations.
The observational study by Puskas et al?> reported that
OPCAB as opposed to CCAB is associated with lower
operative mortality in higher-risk patients as stratified by The
Society of Thoracic Surgeons score (>0.025), and that this
benefit increases with increasing predicted risk of mortality.
Similarly, Li et al® reported that OPCAB is associated with a
significantly lower postoperative stroke rate compared with
CCAB for older and high-risk patients. The Best Bypass
Surgery Trial, a randomized study that compared 30-day
outcomes in high-risk patients (EuroSCORE =5 and 3-vessel
disease) undergoing CCAB or OPCAB,? indicated that both
procedures can be performed in high-risk patients with a low
risk of short-term complications. Because of its small sample
size (n=341), however, the study could not reveal any small
but clinically relevant differences between the procedures.
Because OPCAB has been performed more frequently in
Japan than in European countries or in the United States,

Japanese surgeons have accumulated more experience with
the OPCAB technique. In 2009, ~63% of CABG in Japan
were conducted without cardiopulmonary bypass, and the
30-day mortality associated with primary elective OPCAB
was not >0.6%.!2 The JOCRI study, an RCT conducted in
Japan, revealed that OPCAB with multiple arterial grafts was
as safe as CCAB, with similar completeness of revascular-
ization and early graft patency.?¢ Japanese surgeons’ greater
familiarity with the OPCAB techniques may enable them to
focus more on the advantages of OPCAB in high-risk patients
than on the technical difficulty of the procedure. Neverthe-
less, to clarify the impact of OPCAB compared with CCAB
in high-risk patients, further studies must focus on improving
research methodology, recruiting high-risk patients, and col-
lecting long-term data.??

Study Limitations

There are several important limitations to this study. First,
several biases may exist, affecting such matters as indication
for revascularization strategy and the level of expertise at
CABG for each institution and surgeon involved in the
registry. Propensity score analysis may not adequately adjust
for these biases. Second, trends in the incidence of myocar-
dial infarction (eg, risk of myocardial infarction in the
intermediate-risk tertile) were somewhat different from those
in other outcomes. These trends would be adjusted and more
strongly supported in a study with a larger sample size.
Finally, manipulation and clamping of the aorta is a well-
known risk factor for stroke, but we did not have data on
whether this was performed in particular patients.

Conclusions
OPCAB as opposed to CCAB is associated with short-term
and long-term benefits in terms of stroke prevention in
higher-risk patients as estimated based on EuroSCORE.
Survival outcomes, however, were not significantly different
between CCAB and OPCAB, even in high-risk patients.
Further studies are warranted.
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Arrows indicate a significance level of 5% and the direction of change.
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Early angiographic evaluation after off-pump coronary artery

bypass grafting

Jota Nakano, MD,*® Hitoshi Okabayashi, MD, PhD,*° Hisashi Noma, PhD,® Tosiya Sato, PhD,® and

Ryuzo Sakata, MD, PhDP

Objectives: One of the potential drawbacks of off-pump coronary artery bypass is reduced patency compared
with conventional coronary artery bypass. This study examined the systematic angiographic evaluation after off-
pump coronary artery bypass.

Methods: Of the 1604 consecutive patients who underwent off-pump coronary artery bypass over 6 years, 1422
(89%) who underwent postoperative angiography were analyzed. Generalized estimating equations logistic
analyses were used to investigate potential predictors of graft failure (FitzGibbon B or O).

Results: Bilateral internal thoracic arteries were used in 78% of the patients. The mean number of distal anas-
tomoses was 3.7 &+ 1.2. The in-hospital mortality rate was 0.4%. Recipient coronary diameter less than 1.5 mm
(odds ratio [OR], 1.62; 95% confidence interval [CI], 1.24-2.11) was an independent predictor of graft failure,
whereas percent stenosis diameter greater than 75% (OR, 0.71; 95% CI, 0.53-0.93), sequential graft (OR, 0.69;
95% CI, 0.51-0.94), and left main disease (OR, 0.72; 95% CI, 0.53-0.96) were protective factors. In the sub-
analyses for each conduit, percent stenosis diameter was protective against left internal thoracic artery failure
(OR, 0.61), whereas smaller recipient coronary diameter was associated with right gastroepiploic artery and sa-
phenous vein graft failure (OR, 2.37 and 2.36, respectively). Left circumflex artery was associated with gastro-
epiploic artery graft failure, whereas sequential graft was again protective for the gastroepiploic artery (OR, 4.39
and 0.33, respectively).

Conclusions: Smaller coronary diameter would be a predictor of graft failure, whereas percent stenosis diameter
greater than 75%, sequential graft, and left main disease would be protective factors for off-pump bypass grafts.

(J Thorac Cardiovasc Surg 2012;l:1-7)

Considerable knowledge has been accumulated since off-
pump coronary artery bypass (OPCAB) gained resurgent
interest among cardiac surgeons. However, contrary to sur-
geons’ expectations, major outcomes have not been demon-
strated to be better with OPCAB than with conventional
coronary artery bypass (CCAB).'” Several studies® showed
that patients undergoing OPCAB experienced reintervention
more frequently at follow-up than those undergoing CCAB.
Reduced patency in OPCAB may, in part, account for the
higher rate of reintervention at follow-up, because OPCAB
is a more technically demanding procedure than CCAB.* Al-
though some investigators' reported equivalent patency rates
for OPCAB and CCAB, 2 randomized controlled studies®®
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have shown that OPCAB was associated with an increased
risk of graft failure than CCAB. Shroyer and colleagues®
demonstrated that the patency rate of the OPCAB arm was
lower than that of the on-pump arm on 12-month angiogra-
phy, and the 1-year composite adverse outcome rate (death
from any cause, nonfatal myocardial infarction, and any rein-
tervention procedure) was higher for OPCAB than for
CCAB. Several meta-analyses concerning graft patency
also showed similar results.”

Graft failure is one of the major determinants of clinical
prognosis.® However, the optimal graft choice for OPCAB
has not been determined, and, at present, it is derived from
extrapolation of the previous findings in CCAB.” High pa-
tency rates of arterial conduits at long-term follow-up
have been well described in the literature, and attrition
seems to be limited to within a few months after the opera-
tion.® Thus, the early patency of off-pump bypass grafts
needs to be evaluated. This study was conducted to examine
the findings of the systematic angiographic evaluation done
after OPCAB surgery to identify predictors of graft failure.

MATERIALS AND METHODS
Study Design

This was a database study based on Kokura Memorial Hospital patients’
medical records. The primary objective of this study was to identify the in-
dependent predictors of graft failure on the basis of the postoperative
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Abbreviations and Acronyms
BITA = bilateral internal thoracic artery
CCAB = conventional coronary artery bypass
CI = confidence interval

LAD = left anterior descending
LCx = left circumflex

LITA = left internal thoracic artery
GEA = gastroepiploic artery

GEE = generalized estimating equation
MDCT = multidetector computed tomography
OPCAB = off-pump coronary artery bypass

OR = odds ratio
RCA = right coronary artery
SVG = saphenous vein graft

angiography. In the subanalyses, risk factors for failure of each conduit
were explored. This study was approved by the Kokura Memorial Hospital
Institutional Review Board, with patient consent waived.

Patients

From January 2000 to December 2005 inclusive, 1604 consecutive pa-
tients underwent isolated OPCAB by a single surgeon at Kokura Memorial
Hospital. Of these, 1521 patients (95%) underwent systematic angio-
graphic evaluation by means of catheter-based angiography (1422 patients,
89%) or multidetector computed tomography (MDCT; SOMATOM Sensa-
tion 16; Siemens AG, Munich, Germany; 99 patients, 6%) before dis-
charge. Because 16-detector row CT has some limitations (eg, lower
spatial and temporal resolution), patients who underwent catheter-based
angiography comprised the study cohort. Perioperative data were collected
prospectively and entered into the institutional database. The definitions of
data concerning baseline characteristics conformed to those reported in the
European System for Cardiac Operative Risk Evaluation.” The definitions
of perioperative factors were delineated previously.'0

Target territories were defined as the left anterior descending (LAD) ar-
tery, left circumflex (LCx) artery, or right coronary artery (RCA) on the ba-
sis of their anatomy. Percent stenosis diameter was qualitatively assessed
by the operating surgeon and dichotomized as greater than 75% or 75%
or less in this study.'' Recipient vessel diameter was determined from an
assessment at surgery by means of 1.0-, 1.5-, or 2.0-mm probe insertion.

Surgical Technique

OPCAB was the intended procedure, except for patients with acute
myocardial infarction who were in a hemodynamically unstable state
even with an intra-aortic balloon pump. There were 77 patients who under-
went intended CCAB during the study period. Approximately half of them
were in a hemodynamically unstable condition, even with an intra-aortic
balloon pump; the remaining patients had previous cardiac surgery and re-
quired cardiopulmonary bypass for resternotomy and exposure. All OP-
CAB procedures were performed under general anesthesia -with
pulmonary artery pressure monitoring. The heart was approached via me-
dian sternotomy. Heparin (100 KIU/kg and an additional dose) was admin-
istered to achieve and maintain the activated clotting time at more than 250
seconds. Graft selection was based on the following strategies: (1) Patients
with significantly stenosed (>75%) multivessel disease involving the left
coronary arteries received bilateral internal thoracic arteries (BITAs); (2)
for the left coronary arteries with less than 75% stenoses, saphenous
vein grafts (SVG) or radial arteries were used as additional conduits; (3)
for less than 75% and 75% or more stenosed RCAs, SVG and right

gastroepiploic arteries (GEAs) were used, respectively. Internal thoracic ar-
teries and GEAs were harvested in a skeletonized fashion using an ultra-
sonic scalpel (Harmonic Scalpel; Ethicon Endo-Surgery, CVG,
Cincinnati, OH) by trained surgeons. Diluted papaverine hydrochloride
(1:20) was injected into the arterial conduits from the distal end. The con-
duits were wrapped in a papaverine-soaked gauze until anastomoses. SVG
and radial arteries were dissected using the conventional open harvest tech-
nique. SVG was gently dilated by injection of heparin-added blood.

The left internal thoracic artery (LITA) was usually anastomosed to the
LAD region, and the right internal thoracic artery (RITA) was anastomosed
to the LCx via the transverse sinus. When the RITA was not long enough to
reach the LCx system, (1) the proximal portion of the RITA was cut and
anastomosed to the side of the LITA graftin a Y-shaped fashion as a compos-
ite graft (30% of RITA anastomoses) or (2) the pedicled RITA was directed
to the LAD system, whereas the LITA was anastomosed to the LCx system
(14% of RITA anastomoses). The choice of BITA configurations was based
on the surgeon’s preference. Heart positioning was achieved with the help of
deep pericardial sutures, suction-type devices (Octopus system, Medtronic,
Inc, Minneapolis, Minn; and Acrobat SUV system, Guidant Corporation-
Cardiac Surgery, Santa Clara, Calif), and table tilting. Of the sequential
grafts, the distal anastomosis was done in end-to-side fashion. Side-to-
side anastomoses were made in a diamond shape for SVGs and in a parallel
fashion for the arterial grafts. Endarterectomy was performed if a coronary
artery had long, calcified plaque. Proximal anastomoses of SVGs and radial
arteries were made under a single tangential clamp. When the ascending
aorta was not eligible for clamping, proximal anastomotic devices were ap-
plied (Symmetry Aortic Connector System, St Jude Medical, Inc, St Paul,
Minn; and PAS-Port System, Cardica, Redwood City, Ca]if).[2 Grafts
were intraoperatively evaluated with flowmetry (CardioMeds; Medi-Stim,
Oslo, Norway) to detect bypass dysfunction, although the data were not re-
corded in our database. Intraoperative decisions (eg, re-anastomosis) were
made on the basis of the results of the flowmetry. Heparin was reversed
with a half-reversal dose of protamine sulfate after completion of all anas-
tomoses. Subcutaneous heparin at a dose of 100 KIU/kg was given twice per
day on postoperative days 1 to 4'in every patient to prevent postoperative
stroke.'? Oral aspirin (100 mg) was started on postoperative day 1 and con-
tinued thereafter. Other antiplatelets (eg, clopidogrel) were not used.

Angiographic Evaluation

Catheter-based angiography was performed before discharge in the pa-
tients, all of whom provided their written informed consent. Postoperative
angiography was performed as routine evaluation and is standard of care in
Japan. Patients with cerebrovascular disease, renal dysfunction, or respira-
tory failure were excluded for clinical reasons (83 patients). Most patients
underwent angiography within 2 weeks after surgery. The experienced in-
terventional cardiologists who performed angiography reviewed the re-
sults. Both native coronary arteries and conduits were selectively
visualized, and in at least 2 orthogonal views, the conduit was reviewed
and scored on the worst appearance of the proximal anastomosis, body of
the conduit, and distal anastomosis according to the FitzGibbon classifica-
tion.® When grafts could not be selectively intubated, an aortogram or a sub-
clavian arteriogram was obtained. Each anastomosis was analyzed
separately. A string sign was recorded as FitzGibbon grade B. A patent graft
was defined as a graft without 50% or greater stenosis (ie, FitzGibbon A).

Statistical Analysis

Continuous data are expressed as means =1 standard deviation or me-
dians (interquartile range), and categoric variables are expressed as num-
bers (proportions). Because the graft patency of multiple anastomoses
within a patient cannot be assumed to be independent,'® generalized esti-
mating equation (GEE) logistic analyses were used to evaluate the influ-
ence of the potential predictors (Main Analysis).'* An event was defined
as FitzGibbon grade B or O. The working correlation matrix was set to
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exchangeable, and the robust variance estimators were adopted for con-
structing confidence intervals (CIs) of the odds ratios (ORs). Model vari-
ables used in the multivariable analyses were selected a priori on the
basis of the previous reports.'>'® Grafting techniques also were included
in the model on the presumption that these were clinically relevant. The
following 20 factors were included in the analysis: age (>75 years), sex
(female), New York Heart Association classification (>3), recent
myocardial infarction (within 90 days), left ventricular ejection fraction
(<50%), chronic renal failure (creatinine >200 wmol/L), hypertension,
hypercholesterolemia, diabetes mellitus, left main disease (>50%),
extracardiac  arteriopathy, previous cardiac surgery, emergency,
operator’s experience (first 100 consecutive cases), percent stenosis
diameter (>75%), recipient coronary diameter (<1.5 mm), number of
anastomoses (continuous), conduits (LITA, RITA, GEA, SVG, and radial
artery), territories (LAD, LCx, and RCA), and grafting techniques
(sequential, composite, and endarterectomy). In the subanalyses for each
conduit, cases with exceptional anastomoses (eg, GEA-LAD anastomosis)
were excluded from the GEE models. Subanalysis for the radial artery graft
was not performed because there were only 76 radial artery anastomoses
(1.4% of all anastomoses). All analyses were performed using SAS version
9.2 (SAS Institute, Inc, Cary, NC). All P values quoted are 2-sided.

RESULTS
Patients’ Characteristics and Operative Results

The patients’ baseline and perioperative characteristics are
shown in Tables 1 and 2. Univariate analyses for graft
occlusion revealed estimates of naive ORs by the GEEs.
The patients’ average age was 68 £ 9 years; 20% of the
patients were aged more than 75 years (75% were male,
25% were female). Left main disease 50% or greater was
present in 44% of patients. The mean number of distal
anastomoses was 3.7 4= 1.2. BITA grafts were used in 78%
of patients, and SVGs were used in 41% of patients.
Sequential grafting was performed in 76% of patients. Of
the 5262 anastomoses, 63% had proximal stenoses greater
than 75%. The recipient coronary diameter was less than
1.5 mm in 35% of anastomotic sites. Postoperative
morbidity included perioperative myocardial infarction in 33
patients (new Q-wave and creatine kinase-myocardial band
>501U/L), low output syndrome in 7 patients, new-onset atrial
fibrillation in 370 patients, stroke in § patients, renal failure ne-
cessitating dialysis in 18 patients, and prolonged ventilation
(>48 hours) in 42 patients. Operative (within 30 days) and
in-hospital mortality were 0.1% and 0.4%, respectively.

Angiographic Evaluation: Main Analysis

Table 3 shows the distribution and patency rate for each
graft (FitzGibbon A). The patency rates of the LITA and
RITA grafts were comparable (95.6% and 95.5%, respec-
tively), whereas those of the SVG in the LCx and RCA sys-
tems were slightly lower (92.4% and 92.9%, respectively).
The patency rate of the GEA grafts when used in the LCx
system was markedly low (86.7%); there were only 60
anastomoses with this configuration.

By using the GEE logistic model, 4 variables were found
to be independent predictors of overall graft fate (ie, failure
or patency; Table 4). Recipient coronary diameter less than

TABLE 1. Preoperative characteristics
Total, N = 1422

Univariate analysis*
P

Variable No. (%) OR 95% CI value

Age (y) 68 £9

Age>175y 290 (20) 1.39 1.02-1.90 .039
Female sex 379 (25) 1.45 1.08-1.95 .014
NYHA class > 3 265 (19) 0.88  0.62-1.25 .468
Unstable angina 318 (22) 0.81 0.57-1.16 .256
Emergency 109 (8) 086  0.50-1.48 .582
Previous MI 614 (43) 099  0.75-1.30 924

Recent MI (<90 d) 140 (10) 1.21 0.76-1.82 371
LV dysfunction

Fair (LVEF > 50%) 1093 (77) Reference

Moderate 299 (21) 075  0.52-1.07 .113

(LVEF 30%-50%)

Poor (LVEF < 30%) 30 (2) 093  0.38-2.25 .865
Diseased vessels

1- or 2-vessel disease 450 (32) Reference

3-vessel disease 972 (68) 1.20 0.58-2.48 .518
Left main disease 619 (44) 0.69 0.51-0.91 .010
Previous PCI 619 (44) 0.97 0.73-1.28 815
Previous cardiac surgery 33(2) 1.64  0.81-3.35 .172
CREF (creatinine 94 (7) 0.61 0.31-1.19 .145

> 200 wmol/L)

ESRF on dialysis 70 (5)
Diabetes mellitus 659 (46) 1.04 0.79-1.38 .771

Taking insulin 163 (11)
Hypertension 951 (67) 093  0.70-1.23 .601
Hypercholesterolemia 793 (56) 1.07 0.81-1.42 .635
COPD 36 (3) 1.16  0.60-2.26 .658
Extracardiac arteriopathy 296 (21) 0.85 0.61-1.19 .350
CVA 240 (17) 1.04 0.71-1.51 .837

OR, Odds ratio; CI, confidence interval; NYHA, New York Heart Association;
M1, myocardial infarction; LV, left ventricle; LVEF, left ventricular ejection fraction;
PCI, percutaneous coronary intervention; CRF, chronic renal failure; ESRF, end-stage
renal failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
accident. *Univariate analysis for graft occlusion. Estimates of naive ORs by the
GEEs.

1.5 mm was a risk factor for graft failure (OR, 1.62; 95% CI,
1.24-2.11), whereas percent stenosis diameter greater than
75% (OR, 0.71; 95% CI, 0.53-0.93), sequential graft (OR,
0.69; 95% CI, 0.51-0.94), and left main disease (OR, 0.72;
95% CI, 0.53-0.96) protected against graft failure. Other
baseline variables, such as LVEF and diabetes mellitus, or
operative factors such as type of conduit and target territory,
were not associated with graft failure in the multivariable
analysis. Although the patency rate of those patients with
coronary endarterectomy was relatively low (82.1%), this
technique was not associated with graft failure.

Angiographic Evaluation: Subanalysis for Each
Conduit

For LITA grafts, percent stenosis diameter greater than
75% was the only predictor of patency (OR, 0.61; 95%
CI, 0.40-0.94; Table 5). None of the variables were
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TABLE 2. Perioperative characteristics

TABLE 3. Graft distribution and patency rate

Total, N = 1422 Univariate analysis*

P
Variable No. (%) OR 95% CI value
First 100 cases 90 (6) 092  0.53-1.60 .765
No. of anastomoses 37+£12 1.01 0.88-1.16 .853
Incomplete 187 (13) 0.89  0.57-1.39 .607
revascularization
Conversion to CCAB 4(0.3) — e —
Operation time (min) 288 + 72 1.13 1.01-1.27 .032
Conduit
LITA 1365 (96) Reference
RITA 1083 (76) 1.04  0.73-148 .836
GEA 476 (33) 1.27  0.82-195 .285
SVG 586 (41) 1.68 1.17-243  .005
Radial artery 47 (3) 095  0.29-3.11 936
Territory
LAD 1400 (98) Reference
LCx 1237 (87) 120 0.87-1.65 .273
RCA 962 (68) 139 0.99-1.94 .056
Grafting technique
Sequential graft 1076 (76) 0.80  0.61-1.04 .099
Composite graft 345 (24) 1.36 091-2.04 .128
Endarterectomy 31 (2) 2.23 0.65-7.68 .202
Proximal anastomotic 83 (5) 0.46 0.20-1.06 .068
devices
Recipient coronary
(N = 5262)
Stenosis > 75% 3293 (63) 073  0.56-0.95 .019
Diameter < 1.5 mm 1860 (35) 1.61 1.25-2.09 <.001
<1.0 mm 21 (0.4)
1.0 mm 2462 (47)
1.5 mm 2613 (50)
>1.5 mm 166 (3)
Max CK-MB IU/L 13 (8.6-24)7 1.02  1.00-1.03 .026
(N = 1402)
CK-MB > 50 IU/L 148 (10) 1.66  1.12-2.47 .012
Mortality
Operative (within 30 d) 1(0.1)
In-hospital 5(0.4)

OR, Odds ratio; CI, confidence interval; CCAB, conventional coronary artery bypass;
LITA, left internal thoracic artery; RITA, right internal thoracic artery; GEA, gastroe-
piploic artery; SVG, saphenous vein graft; LAD, left anterior descending; LCx, left cir-
cumflex; RCA, right coronary artery; CK-MB, creatine kinase-myocardial band
isozyme. *Univariate analysis for graft occlusion. Estimates of naive ORs by the
GEEs. tMedian (interquartile range).

associated with RITA graft failure. Smaller recipient coro-
nary diameter (<1.5 mm) showed a trend to correlate with
GEA graft and SVG failure (OR, 2.37 and 2.36; 95% CI,
1.08-5.20 and 1.32-4.19, respectively). Of note, the LCx sys-
tem was a predictor of GEA graft failure (OR, 4.39; 95% ClI,
1.66-11.61), whereas sequential graft was a protective factor
for GEA graft patency (OR, 0.33; 95% CI, 0.15-0.70).

Patients Who Did Not Undergo Angiography
Among the patients who did not undergo postoperative
angiography, all but 1 had no sign of ischemia during the

FitzGibbon
Conduit  Territory Totalmo. A B* O Patency rate}
LITA LAD 1925 1841 70(13) 14 95.6%
LCx 227 218 7()y 2 96.0%
RCA 4 2 0 2 50.0%
Total 2156 2061 77 (14) 18 95.6%
RITA LAD 231 220 10 (1) 1 95.2%
LCx 1145 1093 31(3) 21 95.5%
RCA 37 36 1 0 97.3%
Total 1413 1349 42(4) 22 95.5%
GEA LAD 7 7 0 0 100%
LCx 60 52 2 6 86.7%
RCA 585 557 16(3) 12 95.2%
Total 652 616 18(3) 18 94.5%
SVG LAD 88 84 3 1 95.5%
LCx 288 266 4 18 92.4%
RCA 588 546 16 (1) 26 92.9%
Total 964 896 23 (i) 45 92.9%
Radial artery  LAD 4 4 0 0 100%
LCx 49 48 1 0 98.0%
RCA 23 21 1 1 91.3%
Total 76 73 2 1 96.1%

LITA, Left internal thoracic artery; LAD, left anterior descending; LCx, left circum-
flex; RCA, right coronary artery; RITA, right internal thoracic artery; GEA, gastroepi-
ploic artery; SVG, saphenous vein graft. *Numbers in parentheses represent string
sign. tFitzGibbon A.

hospital stay. One death occurred in a 69-year-old woman.
Vasospasm of the radial artery graft was suspected to be the
cause.

Postangiography Outcomes

Eight patients (0.6%) experienced complications of post-
operative angiography: limb thrombosis in 2 patients, ventric-
ular arrhythmiain 1 patient, dissection of the aortain 1 patient,
transient ischemic attack in 2 patients, and cerebral infarction
in 2 patients. The 2 patients with cerebral infarction showed
neurologic dysfunction, but all 8 patients were discharged.

Of the 216 patients with at least 1 suboptimal graft (Fitz-
Gibbon B or O), 25 underwent repeated interventions as
staged procedures (24 percutaneous coronary interventions
and 1 surgery) after scintigraphy.

DISCUSSION

One of the possible drawbacks of OPCAB surgery is re-
duced patency compared with CCAB.**° Graft failure is
relevant to the clinical prognosis of patients undergoing
CCAB,® and it is logical to think that this association may
fit the OPCAB cohort. Many studies have been published
concerning graft patency in CCAB. However, few reports
have specifically dealt with this issue in OPCAB surgery.'”
In addition, the results from these studies should be inter-
preted cautiously, because few of them took clustering
into account,”'” and the findings of most studies were
derived from symptom-driven angiography.
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