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Abstract
Objective—Selected patients appear to benefit from off-pump coronary artery bypass compared
with conventional coronary artery bypass with cardiopulmonary bypass. It is unknown whether
elderly patients undergoing isolated coronary artery bypass grafting operations derive any benefit
when performed off-pump. We hypothesized that off-pump coronary bypass offers a greater
operative benefit to elderly patients when compared with conventional coronary artery bypass.

Methods—A total of 1993 elderly patients (age ≥80 years) underwent isolated, primary coronary
artery bypass graft operations at 16 different statewide centers from 2003 to 2008. Patients were
stratified into 2 groups: conventional coronary artery bypass (n = 1589, age = 82.5 ± 2.4 years)
and off-pump bypass (n = 404, age = 83.0 ± 2.4 years). Preoperative risk, intraoperative findings,
postoperative complications, and costs were evaluated.

Results—Patients undergoing off-pump bypass grafting were marginally older (P = .001) and
had higher rates of preoperative atrial fibrillation (14.6%vs 10.0%; P = .01) and New York Heart
Association class IV heart failure (29.7% vs 21.1%; P <.001) than did those having conventional
coronary bypass grafting. Other patient risk factors and operative variables, including Society of
Thoracic Surgeons predicted risk of mortality, were similar in both groups (P = .15). Compared
with off-pump bypass, conventional coronary bypass incurred higher blood transfusion rates (2.0 ±
1.7 units vs 1.6 ± 1.9 units; P = .05) as well as more postoperative atrial fibrillation (28.4% vs
21.5%; P = .003), prolonged ventilation (14.7% vs 11.4%; P = .05), and major complications
(20.1% vs 15.6%; P = .04). Importantly, postoperative stroke (2.6% vs 1.7%; P = .21), renal
failure (8.1% vs 6.2%; P = .12), and postoperative length of stay (P = .41) were no different
between groups. Despite more complications in patients having conventional bypass, operative
mortality (P = .53) and hospital costs (P = .43) were similar to those of patients having off-pump
procedures.

Conclusions—Performance of coronary artery bypass grafting among octogenarian patients is
safe and effective. Off-pump coronary artery bypass confers shorter postoperative ventilation but
equivalent mortality to conventional coronary artery bypass. Off-pump coronary artery bypass was
associated with a reduction in the composite incidence of major complications in unadjusted and
adjusted analyses and should be considered an acceptable alternative to conventional bypass for
myocardial revascularization in elderly patients.
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The increasing performance of off-pump coronary artery bypass grafting (OPCAB) within
certain centers reflects surgeon preference to avoid the inherent risks of cardiopulmonary
bypass (CPB) and cardioplegic arrest including hemodilution, nonpulsatile arterial flow,
global myocardial ischemia, atherosclerotic embolization from aortic manipulation, and
systemic inflammatory response. According to the Society of Thoracic Surgeons (STS)
National Adult Cardiac Surgery Database, more than 163,000 isolated coronary artery
bypass grafting operations were performed in 2009, of which OPCAB accounted for just
over 34,000 (20.8%).1 These trends reflect a variety of motivators, including surgeon and
patient preference, patient risk, and the perceived benefits of OPCAB compared with
conventional coronary artery bypass grafting with CPB (CABG).

Selected groups of patients appear to benefit from OPCAB compared with conventional
CABG. In a large observational study, OPCAB has been shown to benefit patients requiring
high-risk cardiac surgery (STS predicted risk of mortality >2.5%) over conventional
CABG.2 In addition, patients with an acute ST-elevation myocardial infarction, patients with
renal insufficiency, those with cerebrovascular disease, and women appear to have better
outcomes with OPCAB than with conventional CABG. With a rising elderly cardiac surgical
population,3 outcomes in patients with advanced age need critical evaluation. Several series
have documented cardiac surgical outcomes among elderly patients with varying results.3–6

It is unknown whether elderly patients undergoing isolated CABG operations derive any
benefit when performed off-pump.

The objective of this study was to examine the effect of performing OPCAB within
octogenarians. We hypothesized that OPCAB offers a greater operative benefit to elderly
patients with respect to operative risk, postoperative morbidity, and total costs than does
conventional CABG.

PATIENTS AND METHODS
Patients

Owing to the absence of patient identifiers within the Virginia Cardiac Surgery Quality
Initiative (VCSQI) database and the fact that the data are collected for purposes other than
research, data analyses were exempt from the University of Virginia Institutional Review
Board. In addition, participating institutions were exempt from Health Insurance Portability
and Accountability Act consideration by the use of the Small Business Agreement for
Business Associates agreements between each hospital and participating surgeons. The
VCSQI is a voluntary consortium of 16 different cardiac surgical centers and hospitals
within the Commonwealth of Virginia that, collectively, captures approximately 99% of
Virginia’s cardiac surgical procedures. All CABG operations were entered prospectively
into the National STS Adult Cardiac Surgery Database by participating VCSQI centers.
Long-term follow-up beyond 30 days, like the STS Database, is not collected in the VCSQI.
We retrospectively reviewed all patients undergoing primary, isolated coronary artery
bypass grafting operations as reported by the VCSQI from January 2003 to December 2008.
Primary operations were those occurring in the absence of a prior sternotomy or cardiac
operation. Patients were stratified into 2 study groups according to the use of CPB:
conventional coronary artery bypass grafting with CPB (CABG) and off-pump coronary
artery bypass grafting (OPCAB).

Patient risk factors, operative features, postoperative outcomes, and total hospital costs were
evaluated. We used established STS definitions for all patient variables and postoperative
outcomes.7 Operative mortality included in-hospital death during the same admission or
within 30 days of operation. Major complications included the composite incidence of
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postoperative stroke, renal failure, prolonged ventilation, pneumonia, and myocardial
infarction. Total hospital costs were estimated calculations as reported by the VCSQI.

Statistical Analysis
All outcomes analyzed in this study were established a priori to reduce the potential for type
I error. The primary outcomes of interest were operative mortality and major complication
rate, and secondary outcomes included postoperative length of stay and total costs. All group
comparisons were unpaired. Continuous variables were compared using analysis of
variance, and categorical variables were compared using χ2 analysis or Fisher’s exact tests
as appropriate.

Multivariable logistic regression was performed to assess the independent effects of known
preoperative risk factors on the odds of operative mortality and postoperative complication
rates between both CABG and OPCAB groups. All preoperative variables entered as
covariates (age, sex, preoperative renal failure, stroke, atrial fibrillation, New York Heart
Association [NYHA] class, elective operative status, ejection fraction, left main coronary
occlusion > 50%, intraoperative packed red blood cell [PRBC] transfusion, and performance
of OPCAB) were selected a priori on the basis of established clinical risk during CABG
operations before data analysis. The estimated odds of morbidity and mortality were
adjusted for all covariates. The discrimination achieved by these models was assessed using
the area under the receiver operating characteristics curve. Values of 1.0 for the area under
the receiver operating characteristics curve indicate perfect discrimination between outcome
groups, whereas values of 0.5 indicate results equal to chance. Model calibration across
deciles of observed and predicted risk was assessed using the Hosmer–Lemeshow test.

Categorical variable comparisons are expressed as a percentage of the group of origin.
Continuous variables are reported as means ± standard deviation. Odds ratios with a 95%
confidence interval are used to report the results of logistic regression models. Reported P
values are 2-tailed. Data manipulation and analysis were performed with SPSS software,
version 17 (SPSS, Inc, Chicago, Ill).

RESULTS
Patient Risk Factors and Operative Features

A total of 1993 octogenarian (≥80 years old) patients underwent primary, isolated coronary
artery bypass grafting operations in Virginia during the 6-year study period: CABG (n =
1589) and OPCAB (n = 404). All patient demographics, preoperative risk factors, and
operative features are presented in Table 1. Study cohorts were well matched with respect to
patient comorbid disease and pre-operative risk. Average STS predicted risk of mortality
(PROM) was 5.7% ± 7.1% for patients having conventional CABG and 6.3% ± 6.9% for
those having OPCAB (P = .15), and the incidence of left main coronary artery occlusion of
50% or more was similar between groups. OP-CAB patients were marginally older than
CABG patients with higher incidence of preoperative stroke, NYHA class IV functional
status, and atrial fibrillation. CABG patients had a higher incidence of 3-vessel or greater
coronary disease. Overall, internal thoracic artery (ITA) use was more common among
OPCAB operations (P < .001), and OPCAB (89.4% vs 81.4%; P <.001) patients underwent
a higher percentage of left ITA anastomoses. A higher number of total grafts (P = .001)
were used in CABG operations than in OPCAB. OPCAB operations included a higher
frequency of arterial anastomoses (P = .01), whereas CABG operations included more vein
graft anastomoses (P<.001). Importantly, operative status (elective, urgent, emergency) was
similar between study groups.
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Unadjusted Outcomes for Conventional CABG and OPCAB
Postoperative outcomes for octogenarian patients undergoing conventional CABG and
OPCAB operations are presented in Table 2. Patients undergoing conventional CABG
accrued higher intraoperative transfusion requirements. Compared with OPCAB,
conventional CABG incurred more postoperative atrial fibrillation (28.4% vs 21.5%; P = .
003), prolonged ventilation (14.7% vs 11.4%; P = .05), and major complications (P = .04)
(Figure 1). Importantly, postoperative stroke (2.6% vs 1.7%; P = .21) and renal failure
(8.1%vs 6.2%; P = .12) rates were no different between groups. Despite more complications
in CABG patients, operative mortality was similar after both CABG (5.1%) and OPCAB
(5.9%; P = .53) operations. Moreover, patients had similar total hospital (P = .75) and
postoperative (P = .41) lengths of stay as well as similar total costs (P = .43).

Factors Related to Mortality in Patients Undergoing Conventional CABG and OPCAB
Univariate analyses of all preoperative and operative risk factors are listed for all survivors
and decedents after both conventional CABG and OPCAB operations in Table 3. Among
conventional CABG operations, mortality was more frequent in women, those with NYHA
class IV status, heart failure, lower ejection fraction, and preoperative atrial fibrillation.
Decedents expectedly had higher STS PROM and underwent a higher percentage of
nonelective operations with longer CPB times.

Among OPCAB patients, decedents more commonly had higher NYHA class, preoperative
hemodialysis requirements, higher STS PROM, and underwent more emergency operations
than did survivors. In contrast to those undergoing conventional CABG, female gender was
not associated with mortality in patients undergoing OPCAB according to univariate
analysis.

There were several different causes for mortality among those undergoing coronary artery
bypass grafting operations (Figure 2). Overall, the most common primary cause of patient
mortality was cardiac in origin (47.6%), followed by pulmonary (17.1%) and neurologic
(10.5%) etiologies. Renal causes accounted for 5.7% of patient mortality whereas infections
were responsible for 4.8% of deaths.

Risk-Adjusted Mortality and Morbidity
Risk-adjusted odds ratios and multivariable logistic regression results for operative mortality
among all octogenarian patients undergoing coronary bypass operations are displayed in
Table 4. Operative mortality was associated with female gender, preoperative atrial
fibrillation, presence of left main coronary artery occlusion of 50%or more, and degree of
intraoperative PRBC transfusion. An increase in the odds of mortality was associated with
performance of urgent/emergency operations and depressed ventricular function.
Importantly, performance of OPCAB among octogenarians was not an independent
predictor of operative mortality (P = .87).

Multivariable logistic regression revealed similar results for risk-adjusted postoperative
complication rates among octogenarians (Table 4). Within the model for any postoperative
complication, patient age and preoperative renal failure independently increased the odds of
a postoperative complication. In contrast, urgent/emergency operative status and depressed
ventricular function increased the odds of complications. Similar trends were observed for
the model constructed for the composite outcome of major complication rate. Importantly,
performance of OPCAB was associated with decreased odds of any postoperative
complication (odds ratio = 0.74 [0.59–0.93]; P = .01) or major complication (odds ratio =
0.68 [0.50–0.93]; P = .02) compared with the performance of a conventional CABG.
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DISCUSSION
This study adds to the mounting body of evidence examining the comparative effectiveness
of conventional on-pump versus off-pump coronary revascularization among select patient
populations, and it highlights the short-term morbidity benefits of OPCAB among
octogenarian patients. Within this large, multi-institutional patient cohort, OP-CAB was
performed in 20% of cases, which is similar to nationwide trends. Operative mortality rates
were comparable between both conventional CABG (5.1%) and OPCAB (5.9%; P = .29)
groups. We similarly demonstrated equivalent intensive care unit and hospital lengths of
stay as well as total hospital costs for both study groups. Importantly, as documented in
other studies, we demonstrated reduced intraoperative transfusion requirements, lower
postoperative atrial fibrillation rates, decreased prolonged ventilation, and lower major
complication rates after OPCAB. Moreover, performance of OPCAB compared with CABG
significantly decreased risk-adjusted postoperative complication rates by 26%and major
complication rates by 32%on multivariable logistic regression. These results corroborate
arguments for the safety and beneficial effects of OPCAB compared with CPB use during
surgical, myocardial revascularization.

Cardiac surgery among octogenarian and other elderly patients has been increasingly
emphasized in recent literature. Several series have reported longer hospital stays as well as
increased morbidity and mortality among octogenarian patients after cardiac operations.8–10

Worse survival seen among octogenarians has been attributed to the higher prevalence of
complex comorbid disease in elderly patients.8–10 Further, increasing evidence suggests that
a combination of intraoperative factors, including CPB time, transfusion requirements, and
left ITA revascularization, are important determinants of survival among octogenarians
undergoing coronary artery bypass grafting, contributing to an 8% to 12% operative
mortality rate among these patients.9,11,12 In this series, the 5.3% overall mortality rate and
relatively low incidence of postoperative complications compare favorably and may be due
to factors related to patient selection. In addition, our results suggest that overall outcomes
after coronary artery bypass grafting operations within octogenarians have improved in
recent times and that surgical myocardial revascularization can be performed safely and with
acceptable operative risk.

Over the past few decades, resurgence in the popularity of OPCAB has occurred throughout
North and South America, and comparisons documenting the potential benefits and pitfalls
of CPB use have varied. Several randomized controlled trials have been performed to assess
outcomes for OPCAB compared with CABG with mixed results. In the Octopus trial, no
significant differences in perioperative morbidity or mortality were reported for CABG
versus OPCAB in a cohort of 281 patients, but reductions in duration of mechanical
ventilation and hospital stay were noted.13 Similarly, Puskas and colleagues14 demonstrated
equivalent inhospital and 30-day outcomes for OPCAB as well as similar complete
revascularization rates, shorter lengths of say, reduced transfusion requirements, and less
myocardial injury. Recently, Angelini and colleagues15 reported long-term results for 2
randomized controlled trials, demonstrating equivalent long-term (6–8 years) outcomes
despite the use of CPB among experienced OPCAB surgeons. These results are in direct
contrast to those reported in the recent randomized on/off bypass (ROOBY) trial, which
demonstrated equivalent short-term (30-day) outcomes for CABG and OPCAB operations,
but reported worse long-term (1 year) composite outcomes, completeness of
revascularization, and graft patency for OPCAB.16 Similarly, a recent meta-analysis also
suggested worse long-term graft patency rates among OPCAB operations.17 Alternatively,
several meta-analyses and large observational studies have reported equivalent and, in some
cases, improved surgical outcomes for the performance of OPCAB over conventional
CABG.18–22 The variance in reported outcomes within available literature highlights the
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unsettled debate regarding the success of OPCAB versus CABG. However, the majority of
series lacks a significant population of octogenarian patients and includes a relatively low-
risk patient cohort. More important, a lack of evidence exists examining the effect of
OPCAB within the octogenarian population, and the question of the importance of long-term
graft patency within the extreme elderly remains unanswered.

Efforts to identify which surgical populations may benefit from OPCAB over conventional
CABG are increasing. In a large, single-institutional review of more than 11,000 isolated
CABG operations, Puskas and colleagues23 demonstrated disproportionately improved
outcomes for women undergoing OPCAB compared with CABG. Specifically, in this
review, women undergoing CABG had 60% increased odds of death, 71% increased odds of
stroke, and 71% increased odds for major adverse cardiac events compared with men
undergoing CABG; however, this increased risk for women was negated in women
undergoing OPCAB. In another recent series, this same group demonstrated that OPCAB
has greatest benefits for high-risk patients, based on STS PROM.2 Their analysis of 14,766
primary, isolated CABG operations over a 10-year period revealed that patients with PROM
values greater than 2.5%derived a significant mortality benefit when undergoing OPCAB
compared with CABG. In this study, average patient age was approximately 62 years, and
only 38% of all patients were older than 66 years. As a result, these studies fail to
completely demonstrate any advantage of OPCAB among the truly elderly. In our study
population, the documented improvements of OPCAB are not only in agreement with the
findings of these 2 previous studies, but further highlight an apparent morbidity benefit of
OP-CAB for patients older than 80 years of age. Similar to Puskas and associates,23 we
found that female gender among elderly patients was significantly associated with mortality
after CABG operations; however, this disparity disappeared after OPCAB. This association
was determined by univariate analyses and was not a product of a statistical interaction on
multivariate regression analysis. As a result, this study identifies OPCAB as a safe
alternative to CABG in octogenarians and suggests that elderly woman may derive the most
benefit from OPCAB. Importantly, however, our results do not suggest that OPCAB
provides any additional benefit to elderly patients with preoperative stroke or renal failure.

Several potential explanations exist for our observed results. The performance of
conventional CABG in the present study may be due to a surgeon selection bias of more
complex patients and could explain the higher morbidity we observed in this group
compared with those undergoing OPCAB. Unfortunately, we were unable to account for
such selection bias in this retrospective, statewide review. It is, however, important to note
that STS PROM was similar between groups with a trend toward a higher risk in OPCAB
patients. The influence of prolonged ventilation on the composite incidence of major
complications may reflect individual surgeon preference to avoid accelerated extubation in
elderly patients or actual detriments of CPB on pulmonary function. In addition, higher
transfusion requirements, as seen in multiple other studies, within patients undergoing
conventional CABG may have contributed to the higher incidence of prolonged mechanical
ventilation in this group as a result of acute lung injury. However, the inclusion of PRBC
transfusion requirements in our estimated models likely controlled for the independent
influence of this factor on adjusted mortality and complication rates. The discrepancy
between the slightly higher morbidity in patients undergoing conventional CABG, despite
the similar mortality between groups, may represent the clinical effect of transient, but
recoverable, postoperative events on outcomes that can occur during surgery.

Several noteworthy results of this study deserve further discussion. First, higher
postoperative myocardial infarction rates were observed for octogenarian OPCAB patients.
Unfortunately, owing to the de-identified nature of the VCSQI data set, we were unable to
more completely analyze the circumstances of these events. However, these observations are
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consistent with previously reported inferior long-term graft patency rates for OPCAB
operations.16,17 However, the effect of better long-term graft patency may or may not be
relevant in octogenarians, especially considering these studies do not demonstrate a survival
benefit with conventional CABG. Second, higher ITA use was observed in OPCAB
operations in this series and is difficult to explain. Unfortunately, the underlying reason for
this observation remains unclear. Lower rates of ITA use may occur in the emergency
setting; however, the incidence of emergency operations in this study is similar between the
2 groups.

This study has several limitations to note. The retrospective nature of this study introduced
the possibility of inherent selection bias. Additionally, the influence of small, unmeasured
differences in patient risk factors between CABG and OPCAB groups may account for some
of the differences in observed outcomes. Previously established STS definitions for all
outcomes and study variables limited our ability to extrapolate results to a broader patient
group. Completely de-identified patient data did not allow us to scrutinize certain data,
including conversion rates between OPCAB and conventional CABG cohorts, complete
versus incomplete myocardial revascularization rates, degree of ascending aortic
calcification, or quality of target vessels. Further, as higher PRBC transfusion rates were
observed for patients undergoing conventional CABG, we were unable to determine
individual institution transfusion protocols to more completely analyze the influence of
PRBC transfusion on postoperative outcomes. In addition, our study lacks intermediate or
long-term follow-up, and we were only able to comment on short-term outcomes. The
estimated cost information provided by the VCSQI was imperfect. Furthermore, the
relatively low incidence of operative mortality after CABG operations limited modeling
efforts for adjusted outcomes and constrained our efforts for adjust for the potential
confounding influence of factors including the number of diseased vessels. Finally, the
potential influence of an unmeasured confounder may, in part, explain some of the estimated
effects observed between operative groups during logistic regression modeling.
Nevertheless, the results of this study provide an important context from which to base
future prospective studies.

CONCLUSIONS
In this study, we conclude that performance of coronary artery bypass grafting among
octogenarian patients is safe and effective. Outcomes after both conventional CABG and
OPCAB are similar; however, surgical revascularization without CPB confers shorter
postoperative ventilation requirements. OPCAB was associated with a reduction in the
composite incidence of major complications in unadjusted and adjusted analyses and should
be considered an acceptable alternative to conventional CABG for myocardial
revascularization in elderly patients.
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Abbreviations and Acronyms

CABG coronary artery bypass grafting with cardiopulmonary bypass

CPB cardiopulmonary bypass

ITA internal thoracic artery

NYHA New York Heart Association

OPCAB off-pump coronary artery bypass grafting

PRBC packed red blood cell

PROM predicted risk of mortality

STS Society of Thoracic Surgeons

VCSQI Virginia Cardiac Surgery Quality Initiative
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FIGURE 1.
Incidence of postoperative outcomes contributing to composite incidence of major
complications for patients undergoing primary, isolated CABG or OPCAB operations. MI,
Myocardial infarction; CABG, conventional coronary artery bypass grafting; OPCAB, off-
pump coronary artery bypass grafting.
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FIGURE 2.
Incidence of primary cause of mortality for decedents after isolated CABG or OPCAB
operations. CABG, Conventional coronary artery bypass grafting; OPCAB, off-pump
coronary artery bypass grafting.
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TABLE 1

Patient demographics, preoperative risk factors, and operative features for all patients undergoing primary,
isolated coronary artery bypass grafting operations

Variable CABG (n = 1589) OPCAB (n = 404) P value

Preoperative

 Age at operation (y) 82.5 ± 2.4 83.0 ± 2.4 <.001

 Female gender 38.6% 42.1% .11

 Peripheral vascular disease 18.9% 19.6% .40

 Stroke 8.3% 11.6% .03

 Diabetes 30.5% 27.2% .11

 Dyslipidemia 73.4% 60.9% <.001

 Hypertension 83.9% 81.2% .11

 NYHA class

  Class I 13.2% 6.2% <.001

  Class II 22.3% 22.0%

  Class III 43.5% 42.1%

  Class IV 21.1% 29.7%

 Heart failure 13.5% 18.9% .20

 Atrial fibrillation 10.0% 14.6% .01

 Endocarditis 0.0% 0.0% N/A

 Renal failure 5.8% 7.4% .14

 Renal failure (hemodialysis) 1.0% 1.5% .28

 No. of major arteries with stenosis>50%

  1 2.1% 16.2% <.001

  2 13.9% 30.2%

  3 84.0% 53.6%

 Left main stenosis>50% 38.6% 36.9% .53

 STS PROM (%) 5.7 ± 7.1 6.3 ± 6.9% .15

Operative

 Elective 38.3% 40.3% .87

 Urgent 57.3% 54.7%

 Emergency 4.3% 5.0%

 Crossclamp time (min) 63.9 ± 23.8 — —

 Bypass time (min) 92.2 ± 34.0 — —

 Total no. of bypass grafts 3.4 ± 0.02 2.2 ± 0.07 <.001

 Overall ITA use 82.3% 91.9% <.001

  LITA 81.4% 89.4%

  RITA 0.3% 0.0%

  Bilateral ITA 0.4% 2.1%

 Distal arterial anastomosis (no.)

  1 75.7% 84.6% .01

  2 4.6% 6.0%
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Variable CABG (n = 1589) OPCAB (n = 404) P value

  3 1.2% 0.9%

  >4 0.6% 0.4%

 Distal vein anastomosis (no.)

  0 3.2% 31.1% <.001

  1 10.6% 28.2%

  2 39.5% 29.1%

  3 33.9% 10.7%

  >4 12.8% 0.9%

 Radial artery anastomosis (no.)

  1 4.1% 4.0% .14

  2 4.1% 0.0%

  3 1.2% 0.0%

 PRBC transfusion (units) 2.0 ± 1.7 1.6 ± 1.0 .05

CABG, Conventional coronary artery bypass grafting; OPCAB, off-pump coronary artery bypass grafting; NYHA, New York Heart Association;
STS, Society of Thoracic Surgery; PROM, predicted risk of mortality ITA, internal thoracic artery; LITA, left internal thoracic artery; RITA, right
internal thoracic artery; PRBC, packed red blood cell; N/A, not applicable.

J Thorac Cardiovasc Surg. Author manuscript; available in PMC 2011 April 6.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

LaPar et al. Page 14

TABLE 2

Unadjusted postoperative outcomes for all patients undergoing primary, isolated coronary artery bypass
grafting operations

Outcome CABG (n = 1589) OPCAB (n = 404) P value

Sepsis 1.4% 0.7% .22

Stroke 2.6% 1.7% .21

Myocardial infarction 0.3% 1.2% .03

Cardiac arrest 2.6% 1.7% .21

Reoperation for graft occlusion 0.1% 0.0% .64

Atrial fibrillation 28.4% 21.5% .003

Gastrointestinal event 3.3% 3.2% .55

Pneumonia 5.0% 5.0% .55

Prolonged ventilation 14.7% 11.4% .05

Renal failure 8.1% 6.2% .12

Hemodialysis 3.1% 2.5% .30

ICU LOS (h) 101.3 ± 173.0 84.8 ± 110.8 .21

Postoperative LOS (d) 9.04 ± 10.0 9.52 ± 10.5 .41

Hospital LOS (d) 12.39 ± 11.1 12.20 ± 10.6 .75

Major complication 20.1% 15.6% .04

Operative mortality 5.1% 5.9% .53

Readmission <30 days 9.7% 10.6% .31

ICU/CCU cost ($) 8,826.70 ± 11,564.90 7,645.16 ± 7,845.56 .08

Total cost ($) 36,755.18 ± 34,650.30 35,030.55 ± 34,634.70 .43

Boldface indicates statistically significant P values. CABG, Conventional coronary artery bypass grafting; OPCAB, off-pump coronary artery
bypass grafting; ICU, intensive care unit; LOS, length of stay; CCU, cardiac care unit.
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TABLE 3

Univariate comparisons of patient and operation-related risk factors for survivors and decedents undergoing
primary, isolated coronary artery bypass grafting operations

Variable

CABG (n = 1589) OPCAB (n = 404)

Survivors (n =
1508) Decedents (n = 81) P value

Survivors (n =
221) Decedents (n = 13) P value

Preoperative

 Age at operation (y) 82.5 ± 0.07 82.6 ± 0.14 .09 83.0 ± 0.13 83.1 ± 0.34 .27

 Female gender 37.5% 59.3% <.001 41.8% 45.8% .83

 Peripheral vascular disease 18.5% 25.9% .11 18.7% 33.3% .11

 Stroke 8.5% 4.9% .41 11.6% 12.5% .75

 Diabetes 30.1% 37.0% .22 27.1% 29.2% .82

 Dyslipidemia 73.3% 75.3% .79 60.3% 70.8% .39

 Hypertension 83.6% 90.1% .16 80.8% 87.5% .59

 NYHA class

  Class I 13.2% 12.3% .39 6.3% 4.2% .04

  Class II 22.5% 18.5% 23.2% 4.2%

  Class III 43.8% 37.0% 42.6% 33.3%

  Class IV 20.5% 32.1% 27.9% 58.3%

 Heart failure 16.2% 29.6% .003 18.7% 21.7% .78

 Atrial fibrillation 9.2% 24.7% <.001 14.5% 16.7% .77

 Endocarditis 0.0% 0.0% N/A 0.0% 0.0% N/A

 Renal failure 5.4% 12.3% .02 7.4% 8.3% .70

 Hemodialysis 1.0% 1.2% .57 1.1% 8.3% .04

 Ejection fraction (%) 51.1 ± 12.7 45.8 ± 15.4 <.001 51.4 ± 12.4 48.4 ± 11.1 .27

 STS PROM (%) 5.16 ± 4.89 15.82 ± 20.8 <.001 5.80 ± 6.21 14.0 ± 11.7 <.001

Operative

 Elective 39.3% 21.0% <.001 41.6% 20.8% .001

 Urgent 57.2% 58.0% 54.5% 58.3%

 Emergency 3.4% 21.0% 3.9% 20.8%

 Crossclamp time (min) 63.8 ± 23.6 64.7 ± 27.7 .74 N/A N/A N/A

 Bypass time (min) 91.5 ± 33.4 104.9 ± 41.8 <.001 N/A N/A N/A

 PRBC transfusion (units) 1.97 ± 0.03 2.46 ± 0.17 .16 1.93 ± 0.02 1.94 ± 1.0 .16

Boldface indicates statistically significant P values. CABG, Conventional coronary artery bypass grafting; OPCAB, off-pump coronary artery
bypass grafting; NYHA, New York Heart Association; STS, Society of Thoracic Surgeons; PROM, predicted risk of mortality; PRBC, packed red
blood cell; N/A, not available.
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TABLE 4

Risk-adjusted odds ratios for the effect of selected preoperative and operation-related patient risk factors for
the outcomes of operative mortality, any postoperative complication, and major complication rate in elderly
patients undergoing coronary artery bypass grafting operations

Preoperative or operative risk factor Operative mortality Any complication Major complications

Patient age 1.06 (0.98–1.14) 1.05 (1.01–1.09)* 1.02 (0.97–1.06)

Female gender 2.44 (1.60–3.72)* 0.94 (0.78–1.14) 1.22 (1.13–1.84)*

Renal failure 1.82 (0.91–3.62) 1.47 (0.99–2.19) 2.19 (1.43–3.36)*

Stroke 0.70 (0.32–1.56) 1.16 (0.85–1.60) 1.27 (0.86–1.88)

Atrial fibrillation 2.10 (1.26–3.51)* 0.80 (0.60–1.07) 1.36 (0.96–1.92)

NYHA class III 0.87 (0.52–1.48) 1.07 (0.86–1.33) 1.06 (0.79–1.42)

NYHA class IV 1.37 (0.79–240) 1.29 (0.99–1.69) 1.66 (1.20–2.31)

Urgent/emergency operation 1.43 (1.04–1.66)* 1.19 (1.01–1.34)* 1.35 (1.14–1.50)*

Ejection fraction 0.98 (0.96–0.99)* 0.99 (0.98–0.99)* 0.98 (0.98–0.99)*

Left main disease>50% 1.60 (1.06–2.42)* 1.13 (0.94–1.37) 1.49 (1.17–1.89)*

OPCAB 1.04 (0.63–1.71) 0.74 (0.59–0.93)* 0.68 (0.50–0.93)*

PRBC transfusion (units) 1.22 (1.03–1.44)* 0.99 (0.89–1.09) 1.16 (1.02–1.32)*

NYHA, New York Heart Association; OBCAB, off-pump coronary artery bypass grafting; PRBC, packed red blood cell.

*
P<.05.

Results reported as adjusted odds ratios (95% confidence interval). All model covariates selected a priori based on established clinical risk before
data analyses.
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