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ABSTRACT

Background: Patients with diminished ventricular func-
tion represent an increasing percentage of candidates for
coronary artery bypass grafting (CABG). We have reviewed
our recent experience in CABG in patients with ejection frac-
tions (EF) <30% to identify factors leading to improved out-
comes in this high-risk group.

Methods: Between January 1997 and September 2002,
990 patients with EF <30% underwent CABG. Univariate
and logistic regression analysis was used to analyze data from
204 patients who underwent revascularization off-pump and
713 patients who underwent grafting with cardiopulmonary
bypass (CPB) for differences in mortality, morbidity, and
length of stay (LOS).

Results: Compared with the on-pump patient cohort,
patients with depressed ventricular function who underwent
revascularization without the use of CPB had a lower opera-
tive mortality rate that trended toward significance (2.9%
versus 6.3%; P = .06) and a significantly lower risk-adjusted
mortality rate (1.47% versus 4.13%; P < .001), despite a higher
predicted risk (5.4% £ 5.5% versus 4.3% % 3.7%; P = .01).
Additionally, patients who underwent off-pump bypass graft-
ing had a significantly lower incidence of reoperation for
bleeding (1.0% versus 4.6%; P = .02), lower blood product
use (39.6% versus 66.6%; P < .001), decreased postoperative
ventilation times (11.3 * 37.4 hours versus 46.1 + 156.1
hours; P < .001), and fewer days in the intensive care unit
(2.6 £ 3.8 days versus 4.2 £ 6.5 days; P < .001). Logistic
regression analysis showed that CPB use (P = .048; odds
ratio [OR], 2.4; 95% confidence interval [CI], 1.0-5.8) and
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previous CABG (P = .015; OR, 2.6; 95% CI, 1.2-5.7) were
independent risk factors for mortality. A trend toward a
shorter LOS (7.6 £ 7.9 days versus 8.9 £ 9.6 days; P = .06)
was also seen in the off-pump patients.

Conclusion: Avoidance of CPB in patients with reduced ven-
tricular function undergoing multivessel bypass improves early
survival rates and decreases the incidence of reoperation for
bleeding, blood product use, and postoperative ventilatory times.

INTRODUCTION

Reduced left ventricular function has been identified as a pre-
dictor of adverse outcomes after coronary artery bypass grafting
(CABG) [Christakis 1992, Milano 1993]. Initial studies that eval-
uated operative morbidity and mortality with CABG concluded
that the risk of revascularization in patients with severe left ven-
tricular dysfunction was prohibitively high [Oldham 1972].
Other reports, however, have demonstrated that patients with
reduced ejection fractions show not only a long-term survival
benefit from CABG but also an improved functional status
[Luchi 1987]. The optimal surgical approach for patients with
impaired ventricular functon has been unclear. Off-pump coro-
nary artery bypass (OPCAB) grafting has emerged as a viable
technique for the management of high-risk patients undergoing
revascularization. Proinflammatory cytokines generated by
extracorporeal support and cardioplegic arrest have been
reported to lead to myocardial dysfunction and hemodynamic
instability that may be poorly tolerated in patients with reduced
ventricular function [Wan 1999]. The avoidance of cardiopul-
monary bypass (CPB) and its associated release of inflammatory
mediators promise significant potential benefits in patients with
poor ejection fractions. We have reviewed our recent experience
in CABG in patients with ejection fractions less than or equal to
30% to ascertain if OPCAB leads to improved outcomes in
patients with poor ventricular function.

MATERIALS AND METHODS

Patient Population
Between January 1997 and September 2002, 12,126
patients underwent isolated CABG within our 22-surgeon
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multispecialty group practice. Prospectively collected data
from the Society of Thoracic Surgeons database were ana-
lyzed to identify 990 patients who underwent operations dur-
ing this period and who had a recorded ejection fraction of
30% or less as determined by echocardiography or contrast
ventriculography. Patients who underwent revascularization
while in cardiogenic shock or while being resuscitated or who
underwent salvage procedures were excluded from the data
set. Additionally, all patients having single-vessel bypass or
beating heart revascularization on bypass were removed from
the analysis. Of these patients, 917 who met these criteria
were identified, with 204 patients having undergone revascu-
larization off-pump and 713 patients having received on-
pump arrested-heart CABG.

Technique of Off-Pump CABG

OPCAB procedures were performed via a median ster-
notomy with or without the use of the left internal mam-
mary artery, depending on the operating surgeon’s discre-
tion. Patients underwent heparinization at a dose of 1.5 to
2.0 mg/kg to achieve an activated coagulation time of 2300
seconds. Early in the series, mobilization of the heart was
achieved by the use of deep pericardial traction sutures.
These sutures allowed access to targets on all aspects of the
heart with acceptable hemodynamic indices. More recently,
suction devices, such as the Guidant Expose device (Guidant,
Santa Clara, CA, USA), were used in lieu of pericardial trac-
tion sutures to manipulate the heart. These devices provide
superior exposure with improved hemodynamics secondary
to reduced distortion and compression of the heart. The right
pleura was occasionally opened to allow the heart to shift into
the right chest to improve visualization of the posterior-
lateral vessels. Stabilization of the target vessels was achieved
with either the Guidant tissue stabilizer or the Medtronic
Octopus 1I stabilization system (Medtronic, Minneapolis,
MN, USA). A misted carbon dioxide blower was used to
improve visualization during the anastomoses. Hemody-
namic monitoring was performed by means of a pulmonary
artery catheter with continuous cardiac output and mixed
venous saturation capability. Transesophageal echocardiogra-
phy was used in each patient to monitor global and regional
wall motion during the procedure.

The left anterior descending artery was generally grafted
first if flow-limiting disease was present. The grafts subse-
quently performed depended on the pattern of occlusion and
surgeon preference. Generally, proximal anastomoses were
performed prior to construction of the distal anastomosis to
provide immediate reperfusion of the myocardium. Anticoag-
ulation therapy was reversed with protamine sulfate at the
conclusion of the procedure.

Technique of On-Pump CABG

On-pump revascularization was likewise performed
through a median sternotomy with or without use of the left
internal mammary artery, depending on the operating sur-
geon’s discretion. CPB was accomplished by cannulating the
ascending aorta and right atrium. Myocardial protection was
achieved by the use of antegrade and/or retrograde delivery
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Table 1. Analysis of Patient Demographics*

Off-Pump On-Pump
Beating Heart  Arrested Heart
Variable (n=204) (n=713) P
Female sex, n (%) 37 (18.1) 130 (18.2) NS
Age, y 65.7 1.3 63.1£10.4  .002
Diabetes, n (%) 89 (43.8) 269 (37.7) NS
BSA, m? 2.03+0.26 2.06 £0.26 NS
Renal failure on dialysis, n (%) 10 (5.0) 2 (0.3) <.001
Stroke, n (%) 18 (8.9) 58 (8.1) NS
Peripheral vascular disease, n (%) 33 (16.3) 123 (17.3) NS
Cerebrovascular disease, n (%) 31 (15.3) 91 (12.8) NS
Previous CABG, n (%) 16 (7.8) 59 (8.3) NS
Myocardial infarction, n (%) 136 (66.7) 520 (73.0) NS
Angina, n (%) 173 (84.8) 647 (90.7) .02
Congestive heart failure, n (%) 88 (43.1) 300 (42.1) NS
Ejection fraction, % 25.1+£4.9 26.6 4.2 <.001
Left main disease >50%, n (%) 39 (19.1) 177 (24.9) NS
Preoperative IABP use, n (%) 12 (5.9) 142 (19.9)  <.001
Triple-vessel disease, n (%) 173 (84.8) 640 (89.8) .05
Elective status, n (%) 81 (39.7) 263 (36.9) NS
Urgent/emergent status, n (%) 123 (60.3) 450 (63.1) NS

Predicted risk of mortality (STS) 0.0536 +0.0548 0.0432 £0.0373 .01

*Data are presented as the mean + SD where appropriate. NS indicates
not significant; BSA, body surface area; CABG, coronary artery bypass graft;
IABP, intra-aortic balloon pump; STS, Society of Thoracic Surgeons.

systems with either crystalloid or blood cardioplegia, depend-
ing on the surgeon’s preference. Patients were actively cooled
to an average of 28°C to 32°C. Mean arterial pressures were
maintained in the range of 60 to 80 mm Hg. Bypass grafts
were then constructed in accordance with the operator’s stan-
dard practices. Besides transesophageal echocardiography,
monitoring was performed by means of a pulmonary artery
catheter with continuous cardiac output and mixed venous
saturation capability. Patients were delivered to the intensive
care unit intubated for later weaning and extubation.

Statistical Analysis

All statistical analyses were performed with the SAS soft-
ware, version 8.2 (SAS Institute, Cary, NC, USA). Categorical
variables were analyzed with chi-square statistics, and continu-
ous variables were analyzed with the Student 7 test. All differ-
ences with a P value of .05 or less were considered statistically
significant. Logistic regression analysis was used to assess the
effect of measured variables on operative mortality.

RESULTS

In the off-pump cohort, there were 167 (81.9%) men and
37 (18.1%) women with a mean age of 65.7 £ 11.3 years
(Table 1). The on-pump group consisted of 583 (81.8%)
men and 130 (18.2%) women with a mean age of 63.1 + 10.4
years. The groups differed with regard to ejection fraction,
with the off-pump cohort having a mean ejection fraction of
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Table 2. Analysis of Outcomes™

Table 3. Analysis of Complications*

Off-Pump On-Pump Off-Pump ~ On-Pump
Beating Heart  Arrested Heart Beating Arrested
Variable (n=204) (n=713) P Variable Heart Heart P
Length of stay, d 7.6 +79 8.9+9.6 NS (.06) Operative mortality, n (%) 6(2.9) 45 (6.3) NS (.06)
Distal arterial anastomoses, n ~ 1.38 £0.85 0.86 +0.72 <.001 Risk-adjusted mortality 0.0147 0.0413 <.001
Distal vein anastomoses, n 1.85+0.91 2.66 +1.04 <.001 Cardiac arrest, n (%) 2 (1.0) 14 (2.0) NS
Total anastomoses, n 3.23+0.89 3.53+0.99 <.001 Reoperation for bleeding, n (%) 2 (1.0) 33 (4.6) .02
Cross-clamp time, min 0 59.1+21.4 N/A Reoperation for graft occlusion, n (%) 0 (0.0) 3 (0.4) NS
Perfusion time, min 0 13.2£39.5 N/A Perioperative MI, n (%) 0 (0.0) 10 (1.4) NS
Ventilator time, h 1.3+£374 46.1 = 156.1 <.001 Neurologic complications, n (%) 1(0.5) 15 (2.1) NS
ICU stay, d 2.6+£3.8 42+£6.5 <.001 Prolonged ventilation, n (%) 14 (6.9) 130 (18.2) <.001
*Data are presented as the mean * SD. NS indicates not significant; Renal failure, n (%) 2 (449 2 (8:3) NS (:06)
N/A, not applicable; ICU, intensive care unit. Aurial fibrilation, n (%) 4 @16) 16 (273) NS
Readmitted to hospital, n (%) 14 (7.9) 37 (6.3) NS
Intra/postoperative IABP use, n (%) 2 (1.0) 55(7.7) <.001
Transfusion requirement, n (%) 80 (39.6) 472 (66.6) <.001

25.1% £ 4.9% versus 26.6% = 4.2% for the on-pump group
(P < .001). Additionally, the predicted risk of mortality for
the off-pump group was higher than for the on-pump
patients (5.36% versus 4.32%; P = .01). The off-pump group
also had a significantly greater percentage of patients with
renal failure requiring dialysis (5% versus 0.3%; P < .001). There
were no differences between the two groups with respect to
the incidences of previous bypass grafting or myocardial
infarction, the occurrence of chronic obstructive pulmonary
disease, or the prevalence of left main stenosis greater than
50%. The on-pump group was more likely to have had pre-
operative placement of an intra-aortic balloon pump (IABP)
and an increased frequency of triple-vessel disease. Both
groups demonstrated an equivalent requirement for preoper-
ative inotropic support (6.4% for the off-pump group versus
5.2% for the on-pump group, not significantly different).
The rates of preoperative stroke for the groups were not sta-
tistically different and were consistent with previously
reported populations of patients who underwent coronary
artery bypass [Almassi 1999].

The perioperative results of the two cohorts are shown in
"Tables 2 and 3. Patients with compromised ventricular func-
tion who underwent off-pump revascularization showed a
trend toward a reduced operative mortality rate, compared
with the patients who underwent bypass operations using
CPB (2.9% versus 6.3%; P = .06), despite a higher preopera-
tive predicted risk of mortality in the former group. The risk-
adjusted mortality rates of the two groups were 1.47% in the
off-pump patients and 4.13% in the on-pump group and
were significantly different (P < .001). There was also a signi-
ficantly greater need for an intraoperative or postoperative
IABP in the on-pump group than in the off-pump patients
(7.7% versus 1.0%; P < .001). Patients in the off-pump group
were significantly less likely to require reoperation for bleed-
ing (1.0% versus 4.6%; P = .02), to need prolonged ventila-
tion postoperatively (6.9% versus 18.2%; P < .001), or to
receive blood products (39.6% versus 66.6%; P < .001).

The average perfusion time for the on-pump group was
113.2 £39.5 minutes, and the mean cross-clamp time was 59.1
* 21.4 minutes. Patients in the on-pump group had a greater
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*NS indicates not significant; Ml, myocardial infarction; IABP, intra-aortic
balloon pump.

total number of anastomoses performed at the time of opera-
tion than the patients in the off-pump group (3.53 £ 0.99
versus 3.23 £ 0.89; P < .001). However, more arterial anasto-
moses were performed in the off-pump group than in the on-
pump cohort (1.38 + 0.85 versus 0.86 = 0.72; P < .001). The
patients who underwent revascularization with CPB tended
to spend significantly longer times in the intensive care unit
than did the patients in the off-pump group (4.2 £ 6.5 days
versus 2.6 £ 3.8 days; P < .001). Additionally, a trend toward a
shorter hospital length of stay was seen in the off-pump
patients (7.6 + 7.9 days versus 8.9 £ 9.6 days; P = .06).

There were no differences between the groups with
regard to the incidences of postoperative neurologic compli-
cations, myocardial infarction, or sternal wound infections.
Logistic regression analysis identified CPB use as an inde-
pendent risk factor for death in the considered patient popula-
tion (P = .048; odds ratio, 2.4; 95% confidence interval, 1.0-5.8).
Previous bypass surgery was also identified as an independent
risk factor for death.

CONCLUSIONS

Severe left ventricular dysfunction prior to surgical revascu-
larization is a noted risk factor for increased morbidity and
mortality [Edwards 1997]. Despite improvements in myocar-
dial protection, oxygenator design, and perioperative care,
mortality can range anywhere from 2 to 3 times that seen in
patients with normal ventricular function [Nollert 1997,
Bouchart 2001, Carr 2002]. This study demonstrates reduced
risk-adjusted mortality rates and selected morbidity in patients
with off-pump revascularization, compared with a contempo-
raneous cohort of patients with a lower predicted risk of mor-
tality who underwent on-pump arrested-heart bypass grafting.
We posit that the elimination of CPB and cardioplegia explains
the improved perioperative outcomes in this high-risk group.
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Recent investigations have described well the cascade of
proinflammatory mediators released in response to CPB.
Myocardial dysfunction and hemodynamic instability may be
the consequence of the release of cytokines such as tumor
necrosis factor oo (TNF-ar), interleukin 6 (IL-6), and IL-8
[Wan 1997, Hennein 1994]. The myocardium has previously
been demonstrated to be capable of generating TNF-a, IL-6,
and IL-8 during CPB and after reperfusion of the ischemic
myocardium [Wan 1996b]. Furthermore, the degree of surgi-
cal trauma and the extent of dissection can influence the pro-
duction of IL-6 in addition to CPB [Fransen 1998]. Studies
have suggested that IL-6 can play a role in neutrophil-mediated
myocardial ischemia-reperfusion injury [Sawa 1998].

Another significant cytokine involved with attracting and
activating T-lymphocytes and neutrophils, as well as control-
ling their migration, is IL-8 [Finn 1993, Rollins 1997]. Ani-
mal models have shown that IL-8 release is induced after
reperfusion of the ischemic myocardium [Ivey 1995, Kukielka
1995]. Likewise, clinical investigations have identified the
myocardium as a major source of IL-8 after extended periods
of ischemia and subsequent reperfusion [Oz 1995, Wan
1996a]. IL-8 has also been identified after acute myocardial
infarctions [Neumann 1995]. The dissimilarity between the
transient regional ischemia caused by off-pump bypass graft-
ing and the extended global ischemia caused by arrested-
heart revascularization may explain the reduced level of IL-8
production seen in off-pump procedures compared with con-
ventional approaches [Wan 1999]. A strong correlation has
been identified between IL-8 levels and the liberation of
troponin-I after on-pump revascularization, implying the
significance of this cytokine in inducing myocardial injury
[Wan 1999]. Patients with limited ventricular reserve would
be expected to poorly tolerate any significant degree of
myocardial injury associated with revascularization. Reducing
the myocardial injury and dysfunction due to cytokine release
by avoiding CPB and cardioplegic arrest may provide insight
into the finding in this study that the use of extracorporeal
circulation was an independent risk factor for mortality.

Many investigators have emphasized the role of preopera-
tive prophylactic placement of an IABP in providing hemo-
dynamic support to patients with reduced ejection fractions
who undergo surgical revascularization. Numerous reports
have established the beneficial effects of preoperative IABP
placement in high-risk patients undergoing coronary artery
bypass with CPB [Gunstensen 1976, Christakis 1992, Chris-
tenson 1997]. Additionally, Craver and Murrah [2001]
demonstrated favorable results with elective IABP placement
in a small selected group of high-risk patients who underwent
OPCAB. In this study, 12 balloon pumps were placed preop-
eratively in the off-pump cohort, and patients in this group
who received an IABP had no survival advantage. In the on-
pump group, 142 balloon pumps were placed preoperatively.
The operative mortality rate in the patients without a preop-
erative IABP was 6.0%, compared with 7.8% in the patients
with an IABP (not significantly different). Again, no obvious
survival benefit for preoperative IABP placement was seen
within the on-pump group. These results reflect the fact that
most balloon pumps were placed for hemodynamic instability
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or ongoing ischemia instead of being electively placed. We do
agree, however, that elective preoperative placement of an
TIABP can be of significant benefit for high-risk patients
undergoing OPCAB and in whom a conversion to CPB
would be particularly detrimental. The on-pump cohort had
an appreciably increased need for IABP placement in the
operating room or in the postoperative period. Within this
group, patients who received an IABP intraoperatively or
postoperatively had a significantly greater mortality rate
(34.6% versus 4.0%; P < .001) than those patients who did
not receive the device. Failure to wean from CPB and post-
bypass hemodynamic instability were the most frequent rea-
sons for insertion. Based on this study, we conclude that the
need for an IABP to separate the patient from CPB or to
leave the operating room is a marker for an increased periop-
erative risk of mortality.

Inherent in the performance of off-pump bypass grafting
is the potential for conversion to mechanical support to
complete the procedure. This is especially true in a popula-
tion with limited hemodynamic reserve and cardiomegaly,
which can make visualization and grafting of the posterior
and lateral wall problematic. Multiple factors can contribute
to the downward hemodynamic spiral that ultimately leads
to conversion. Significant hemodynamic deterioration may
result from a number of mechanical alterations to the nor-
mal geometry of the heart, such as right ventricular com-
pression, right ventricular outflow tract obstruction, mitral
annular deformation causing regurgitation, and impaired left
ventricular filling. Our experience has demonstrated that
larger hearts are more difficult to position and more likely to
develop mechanically unfavorable geometries. Moreover,
coexistent ischemia magnifies the effects of mechanical dys-
function, resulting in the need to transition to pump sup-
port. In the present series, data regarding conversions from
off-pump to on-pump support were only collected beginning
in 2000. Of the 8 patients who underwent conversions, 6
were placed on pump support but without cardioplegic
arrest. In this subgroup of 6 patients, there were 2 deaths
that were attributable to cardiac complications resulting
from conversion from off-pump bypass. The remaining 2
conversion cases, one an operative death, were converted to
pump support with cardioplegic arrest. Because this study
was not an intention-to-treat inquiry, conversion cases were
not included in the study analysis. Only 1 of the 8 conver-
sions was recorded as emergent in nature. Reasons for none-
mergent conversion included the presence of intramyocar-
dial vessels, difficult exposure of target arteries, and hemody-
namic or rhythm changes that made proceeding with
OPCAB problematic. If the cardiac deaths involving conver-
sions are counted as off-pump deaths, a survival benefit is
still seen with OPCAB. The off-pump group now has an
observed mortality rate of 4.4% and a risk-adjusted mortality
rate of 2.16%. This result is still significantly better than the
risk-adjusted mortality rate of 4.13% seen in the on-pump
group (P <.001).

On the basis of previous work, we recommend an early
transition to pump support for this patient population
once a patient becomes refractory to pharmacologic
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Table 4. Variation in Mean Number of Grafts per Patient from
1997 to 2002*

Off-Pump On-Pump
Beating Heart Arrested Heart P
Overall 3.23 £0.89 (204) 3.53 £0.99 (713) <.001
1997 N/A (0) 3.56 £ 1.05 (178) N/A
1998 2.50 £0.67 (12) 3.44 £ 0.89 (161) <.001
1999 3.1 +£0.89 (47) 3.54 + 1.08 (120) .01
2000 3.44+0.84 (72) 3.61 £0.96 (111) NS
2001 3.38 £ 1.01 (42) 3.59 £ 0.87 (101) NS
2002 3.00 £0.68 (31) 3.43£0.91 (42) .03

*Data are presented as the mean number of grafts per patient (number
of patients). N /A indicates not applicable; NS, not significant.

manipulation or repositioning [Edgerton 2003]. Full CPB
is preferred to isolated right or left heart support because
of the ability to simultaneously support both ventricles and
completely decompress and unload the heart. Grafting
should then be completed with off-pump techniques with
the heart supported but beating. We advise against cardio-
plegic arrest in this situation, if possible, to limit global
myocardial ischemia.

The mortality benefit in the off-pump group is notable
given that the mean number of anastomoses during the study
period was significantly greater in the on-pump cohort.
Recently, there have been no differences between the groups
with respect to the mean number of anastomoses performed
in 2000 and 2001, but there is still a significant difference in
2002 (Table 4). This finding suggests a nonrandomized
unmatched comparison rather than incomplete revasculariza-
tion in the off-pump group, especially given the improved
perioperative mortality rate in the off-pump patients. How-
ever, the question of complete revascularization will be deter-
mined only from long-term follow-up with regard to the
return of symptoms or the need for reintervention.

This study is limited by its nonrandomized retrospective
nature in evaluating two different surgical approaches to revas-
cularization of patients with severely reduced ejection frac-
tions. Patient stratification into the two cohorts was left solely
to the discretion of the operating surgeon. Experience with
off-pump bypass grafting varies across our 22-surgeon practice,
but this variation most likely reflects that of cardiac surgery as
a whole. The inability to identify conversions before the year
2000 limits our ability to calculate a conversion rate for the
entire study period. However, the observed rate of conversion
for the last 3 years of the study was 5.5%. Given the relatively
few patients in this category, attempting to identify risk factors
leading to conversion would be speculative.

In summary, OPCAB grafting shows a mortality and mor-
bidity benefit compared with conventional techniques in
patients with severe left ventricular dysfunction. We believe
that despite revascularization the production of proinflamma-
tory cytokines initiated by CPB and intervals of global
myocardial ischemia are poorly tolerated in these patients.
Long-term follow-up regarding survival, adverse cardiac
events, and the need for reintervention is essential to ensure
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that the perioperative benefits of OPCAB translate into long-
term survival and improved quality of life for these patients.
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