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Abstract
Objective. To evaluate the fate of ON-pump vs. OP-CABG surgery at mid-term
follow-up.
Methods. Data from 166 consecutive OP-CABG patients compared with those of 203 ONpump CABG patients operated on the same time of OP-CABG operations were
retrospectively analyzed.
Results. As compared to OP-CABG, in the ON-pump CABG patients mean value of Logistic
EuroSCORE (8.1%±7.8% vs. 6.2%±5.9%; P<0.05), more extended coronary disease (2.7±0.5
vs. 2.5±0.7 diseased vessels/patient; P<0.001) consequently requiring a greater number of
grafts/patient (2.9±0.9 vs. 2.3±0.9; P<0.0001), and emergency surgery (12% vs. 6%; P<0.05)
were more frequently observed. Operative mortality was 1.9% in ON-pump CABG vs. 1.2%
in OP-CABG (P=NS), incidence of stroke 2.4% vs. 1.8% (P=NS). Incidence of stroke by
using OP-CABG PAS-Port system technique was reduced at 1.2%.
Intraoperatively, costs per patient were higher for OP-CABG vs. ON-pump CABG (1.930,00
€ + 1.050,00 €, if PAS-Port system was included, vs. 1.060,00 € for ON-pump surgery). ICU
stay (1.9±1.0 vs. 1.4±0.7 days) and total postoperative in-hospital stay (5.3±3.3 vs. 5.5±3.5
days) were similar in both groups (P>0.1, for both comparisons).
At 4 years, survival (91%±13% in the ON-pump CABG vs. 84%±19% in the OP-CABG) and
freedom from MACE (composite end-point of all-cause death, myocardial infarction, repeat
coronary revascularization of the target lesion) (82%±9% vs. 76%±14%) were not
significantly different (P>0.1, for both comparisons). Freedom from late cardiac death was
slightly significant higher after ON-pump CABG (98%±4% vs. 90%±10%; P=0.05).
Conclusions. Mid-term freedom from composite end-points are substantially similar after
ON-pump CABG and OP-CABG. OP-CABG techniques required higher intra-operative
costs. Freedom from cardiac death appears to be better after ON-pump CABG.
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Introduction
Coronary artery bypass surgery (CABG ) improves ischemic symptoms and prognosis
in patients with coronary artery disease. For more then three decades, surgical coronary
revascularization has been primarily performed with the use of cardiopulmonary bypass (ONpump CABG) with cardioplegic arrest, and is considered the standard for surgical coronary
revascularization in patients affected by multivessel coronary artery disease, providing a
motionless, bloodless field for an optimal construction of the distal coronary anastomoses.
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However in the last years, off-pump (OP-CABG) coronary artery bypass grafting has
gained increased interest of cardiac surgeons, in order to reduce post-operative complications
associated with the use of CPB and to avoid any potential detrimental effects of
cardiopulmonary bypass, especially the inflammation response, adverse neurological
outcome, and the multi-system organ failure that may occur.1,2 Advances in surgical
techniques, myocardial protection, perioperative anaesthesiology management have led to
improved outcomes of ON-pump CABG, as well as the development of modern stabilizers
has made the OP-CABG more technically feasible and safe. Therefore, a greater number of
patients affected by several co-morbid diseases undergo CABG with low in-hospital
mortality rate.3,4 Several studies have compared ON-pump CABG with OP-CABG with
respect to short-term mortality, complications, costs, and short-term follow-up. Generally,
majority of the studies found no substantial differences for both types of revascularization .5-7
However, other studies evidenced lower graft patency rates for OP-CABG, higher rates of
cardiac events and need of revascularization following OP-CABG. 8-9
In fact, OP-CABG, is a difficult surgical procedure, and operating with a beating heart
would lead to a less complete and a less effective revascularization and, consequently, to a
worse follow-up outcome.10-11 These are the reasons, that the enthusiasm for off-pump
surgery decreased rapidly, and the proportion of OP-CABG procedures remains at 20-25% of
the total CABG surgery performed in Europe and USA.
Aim of our study was to retrospectively analyzed a single-center experience obtained
by two strategies of revascularization in terms of clinical results, efficacy, impact on
intraoperative costs, and in particular in terms of early neurological outcome. Survival,
freedom from cardiac death, MACE were also investigated up to 4 years of follow-up.
Main Text
Methods
From January 2008 to December 2010, 369 patients affected by multivessel coronary
artery disease underwent surgical myocardial revascularization in our Division, 166 using
OP-CABG techniques and 203 with the aid of cardiopulmonary bypass.
The study was approved by our local Institutional Review Board, which waived the need for
patient consent.
Chronic renal dysfunction, was present in 67 (18%); chronic obstructive pulmonary
disease was present in 82 (22%). Emergency CABG, namely, ought to be performed before
the beginning of the next working day after coronary angiography, was needed in 34 patients
(9%). Patients requiring coronary surgery reoperation or concomitant procedures (valvular or
ablation surgery, replacement of ascending aorta, ventricular resection) were excluded from
the study.
Criteria to choose OP-CABG
Most of OP-CABG procedures (90%) were performed by one expert surgeon (CB) in
beating heart surgery. Exclusion criteria to perform OP-CABG were: left ventricular ejection
fraction less than 0.30, left ventricular end-diastolic diameter greater than 60 mm, distal
diffuse narrowing of coronary arteries, intra-myocardial course of the left descending
coronary artery, emergency or urgency surgery in presence of perioperative hemodynamic
instability.
Surgical strategy and safety measures
Access to the heart was obtained through a complete median longitudinal sternotomy in all
patients.
ON-pump CABG was performed by means of normothermic cardiopulmonary bypass and
intermittent antegrade blood cardioplegia (600 ml the first dose, 400 ml the others
administered every 20-25 minutes). Cardiopulmonary bypass was performed by means of a
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Sorin Monolyth-Pro (Sorin Biomedica; Turin, Italy) or Capiox (Terumo Cardiovascular
System; Borken, Germany) membrane oxygenator and a Stockert roller pump (Stockert
Instrumente; Munich, Germany).
In OP-CABG patients, left anterior descending artery and its diagonal branches were
bypassed as first vessel, followed by the right coronary artery and finally the left circumflex
artery system. Proximal anastomoses of the saphenous grafts were always performed before
distal ones, either handsewn or with the aid of an automated device that avoided aortic
clamping (PAS-Port; Cardica; PAS-Port® Proximal Anastomosis System, USA) (n=84, 51%
of OP-CABG procedures).
Stabilization was obtained with the aid of suction stabilizers (Octopus and Starfish;
Medtronic Inc; Minneapolis, MN; USA in the early phase, and Acrobat and X-pose; Guidant
Co; Boston Scientific, Boston, MS, USA later on). Distal perfusion was maintained after
arteriotomy by means of intravascular shunts (Clearview, Medtronic Inc; Minneapolis, MN;
USA).
Monitoring of cardiac function was obtained with transesophageal echocardiography
and insertion of a Swan-Ganz pulmonary artery catheter. Other safety measures included
perfusionist’s stand-by on a ready-dry state (mounted, non-primed cardiopulmonary bypass
circuit).
Internal thoracic artery as in situ graft, was the conduit of choice for the left anterior
descending artery revascularization in all cases. In the last 2 years of the reported study
(2009-2010), OP-CABG was routinely performed using PAS-port system.
Data collection
Perioperative myocardial infarction was defined as an increase of post-operative
troponine I higher than 5 ng/ml associated with a CK-MB above normal values and more
than 10% of total CK, and the onset of ECG new anomalies. Major non-cardiac
complications were also analyzed: a pulmonary complication was defined as an episode of
primary lung failure requiring mechanical ventilation for more than 48 hours, re-intubation,
or intermittent application of positive end-expiratory pressure by mask; a neurological
complication was defined as an episode of stroke due to a focal or general cerebral lesion;
renal insufficiency was defined as a two-fold increase of preoperative serum creatinine level
or oliguria necessitating continuous veno-venous hemodiafiltration. Operative mortality
included death in hospital after operation at anytime or within 30 days after discharge.
MACE (Major Adverse Cardiac Events) was defined as composite of all-cause death,
documented myocardial infarction, or repeat coronary revascularization of the target lesion).
The mean duration of follow-up was similar in the ON-pump CABG vs. OP-CABG
(35±13 vs. 34±15 months, p=NS). Four patients were lost (n=3 in ON-pump CABG group,
n=1 in OP-CABG group), and follow-up was 99% complete.
All causes of operative and at follow-up death, data of pre- and postoperative
echocardiography exams were analyzed. Need for in-hospital readmission for cardiovascular
causes and functional status of the patients were also recorded, at the outpatient clinic visit or
by telephone interview. Collected data of functional tests and echocardiographic exams
during the follow-up were also analysed.
Statistical analysis
Analysis was performed with Stat View 4.5 (SAS Institute Inc, Abacus Concepts,
Berkeley, CA). Student’s t test for continuous data and the χ2 or Fisher’s exact test for
categorical data were used. Twenty-six preoperative and perioperative variables were
analyzed including age, gender, Logistic EuroScore I Risk Stratification System 12 expressed
and percent risk of death plus or minus 1 standard deviation, previous myocardial infarction,
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smoking habit, co-morbidity (arterial hypertension, diabetes mellitus, chronic renal
dysfunction, chronic obstructive pulmonary disease, hyperlipidemia, peripheral vascular
disease, obesity), previous percutaneous coronary revascularization, previous cerebrovascular
accidents (stroke or TIA), Canadian Cardiovascular Society (CCS) grade of angina, New
York Heart Association (NYHA) functional class, preoperative left ventricular ejection
fraction (LVEF), severely depressed LVEF (equal to or less than 0.35), number of diseased
coronary artery vessels, need of emergency or urgent CABG, number of grafts per patient,
cardiopulmonary bypass and aortic cross-clamp times, calcification of the aorta (so defined
when intra-operatively detected at the inspection and/or palpation, or by transesophageal
echocardiography), and “aortic clamp-less” technique. Risk factors analysis to detect
independent predictor/s for postoperative stroke was performed using the Logistic Regression
analysis. Overall survival (not including operative mortality), freedom from late cardiac death
and from MACE were expressed as mean values plus or minus 1 standard deviation, and
computed by using the Kaplan-Meier method; the log-rank test was used to compare survival
estimates among subgroups, and the Cox proportional hazards methods was used to evaluate
the influence of variables on time to death in the entire population of CABG patients. All
other continuous values were expressed as mean plus or minus 1 standard deviation of the
mean. All p values less than 0.05 were considered statistical significant.
Results
Preoperative, angiographic, intra-operative and postoperative variables of the ONpump CABG and OP-CABG patients are reported in Tables 1-4. Due to the exclusion criteria
to perform OP-CABG, the retrospective analysis showed that in the ON-pump CABG group
Logistic EuroSCORE, incidence of diabetes mellitus, hyperlipidemia, peripheral vascular
disease, and the number of patients with a LVEF =/<0.35 were higher in comparison with
OP-CABG group (Table 1). As well as, emergency and urgent CABG were more frequently
performed in the ON-pump CABG group (Table 1) (P<0.05, for all comparisons). Number of
diseased coronary vessel per patients was higher in the ON-pump CABG as compared with
OP-CABG (Table 2), consequently requiring a greater number of grafts per patient (2.9±0.92
vs. 2.3±0.96) (Table 3).
Operative mortality was 1.9% (n=4/203) for ON-pump CABG and 1.2% (n=2/166)
for OP-CABG (P=NS). Postoperative complications and outcomes are reported in Table 4.
In particular, incidence of postoperative stroke was 2.5% in ON-pump CABG group vs. 1.8%
in OP-CABG group (Table 4). Independent predictors for postoperative stroke were the
advanced age of patients (76 vs. 67 years) (P=0.005), preoperative peripheral vascular disease
(P=0.01), and obesity (P<0.05). At the univariate analysis also the association of carotid
artery disease and diabetes was recognized as risk factor for stroke (P<0.05). Using the aortic
“clamp-less” technique (i.e. achieved either with total arterial revascularization or using PASport system avoiding completely aortic manipulation) the incidence of stroke was reduced
from 1.8% in the entire group of patients undergone OP-CABG at 1.2% in this subgroup of
OP-CABG (P=0.06, marginally significant vs. ON-pump CABG).
Intra-operative costs per patient of OP-CABG techniques with or without use of
PAS-Port System were higher in comparison with those of ON-pump CABG.
Follow-up Results
At 4 years, survival rate was 91%±13% for ON-pump CABG vs. 84%±19% for the
OP-CABG (P=NS) (Figure 1); freedom from late cardiac death was 98%±4% vs. 90%±10%
(P=0.05) (Figure 2), from MACE 82%±9% vs. 76%±14% (P=NS) (Figure 3). Thirty-four out
of 358 patients (9.4%) surviving at operation with completed follow-up (not including 4
patients lost) died. Causes of late death were cardiac events in 16 patients (sudden death=13,
acute myocardial infarction=2, congestive heart failure=1), malignancy in 6, gastric
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hemorrhage in 2, stroke in 2, renal failure in 4, septicemia in 1, and unknown in 3.
On multivariate Cox Regression analysis, independent predictors of overall late mortality
were advanced age at operation (P<0.01), a lower mean value of preoperative LVEF
(P<0.01), peripheral vascular disease (P<0.01), chronic obstructive pulmonary disease
(P=0.05) and patients affected by postoperative major complications (P<0.05).
Independent predictors of late cardiac mortality remained advanced age at operation
(P<0.05), a lower mean value of preoperative LVEF (P<0.05), peripheral vascular disease
(P<0.05), and patients who experienced postoperative major complications (P=0.05).
Clinical and Functional Status
At 4 years, freedom from reintervention either for coronary revascularization than for
graft occlusion documented by means of coronary angiography or coronary angiography 64slice CT-scan, were 90%±7% and 90%±7% in the ON-pump CABG and 95%±2% and
93%±3% in the OP-CABG patients (P=NS, for both comparisons). Follow-up
echocardiography obtained on 250 patients showed a preserved value of LVEF either in the
ON-pump than in the OP-CABG patients 0.53±0.08 vs. 0.56±0.7 (P=NS). Stress tests were
examined in 243 patients. CCS anginal class markedly improved from 2.9±1.2 preoperatively
to 1.2±0.6 in the ON-pump CABG and from 2.9±1.1 preoperatively to 1.4±0.5 in the OPCABG group (P<0.0001).
Discussion
Off-pump CABG have been increasingly used in Western world since the 1990s, when
Benetti and Buffolo and their colleagues1,2 demonstrated potential benefit associated with the
avoidance of cardiopulmonary bypass.13,14 However, the preferable technique remains
unclear: the supposed superiority of OP-CABG in terms of short term results can be
counterbalanced by more frequent lack of completeness revascularization and low graft
patency rate, both conditioning a worse follow-up outcome.
In-hospital Results
Randomized controlled trials, observational studies and most of the meta-analyses
recently published generally found no significant difference in peri-operative mortality, but
did find a reduced need for blood transfusions and shorter hospital stay.5,7 Likewise, in our
study mortality and major complications rates appeared to similarly occur in ON-pump
CABG and OP-CABG patients, as well as the length of intensive care unit and postoperative
stay, and the incidence of postoperative atrial fibrillation, although the patients who
underwent ON-pump CABG in our series had a preoperative higher EuroScore and required
more frequently urgent or emergency surgery.
The incidence of re-exploration for bleeding and the need of blood transfusions were
higher in the ON-pump CABG. These findings can be likely related on the one hand to a
greater inflammatory response caused to the cardiopulmonary bypass, but on the other to a
major rate of patients operated on emergency (12% in ON-pump patients vs. 6% in OPCABG patients) or on urgency (48% vs. 42%). In these cases platelet anti-aggregation
therapy was not always stopped and could lead to a greater peri-operative bleeding.
Relatively to the costs, the use of stabilizer devices during OP-CABG increases the
expenditure in comparison with ON-pump CABG surgery (1.930,00 €, vs. 1.060,00 €). Costs
further increase over about one third if (+ 1.050,00 €) if PAS-Port system automated systems
are used, as we found from our brief cost analysis. Such costs were partly counterbalanced by
the minor requirement of blood transfusions in the OP-CABG patients, as well as by the
reduced ICU stay of the OP-CABG patients, although without a statistical difference (1.4 vs.
1.9 days) (Table 4).
An important aspect to focalize the attention in our study has been the reduced
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incidence of postoperative stroke when the manipulation of the aorta was avoided. Afilalo
and co-authors15 in a recent meta-analysis of randomized trials observed 49 strokes among
3,605 OP-CABG procedures compared with 76 among 3,589 ON-pump CABG procedures,
representing a 30% relative risk reduction. Borgermann and co-workers16 found that by using
in 395 patients PAS-Port system or total arterial revascularization the incidence of stroke was
significantly reduced in comparison with conventional CABG (1.3% vs. 3.6%, P<0.05). In
our study we have found that the incidence of stroke was similar in the two groups (2.5% in
the ON-pump vs. 1.8% in the OP-CABG). However, we found a trend in reduction (1.2%, 1
case /84 OP-CABG procedures using with PAS-Port, P=0.06 vs. ON-pump CABG) when
OP-CABG was performed without aortic manipulation, i.e. using the PAS-Port. For these
reason, the higher costs of “clamp-less” OP-CABG procedures using PAS-Port can be
justified, especially in patients at higher risk for stroke (i.e, in presence of peripheral and
carotid vascular disease, advanced age, high preoperative serum creatinine level, extent of
aortic atherosclerosis and calcification of the aorta). 3,6,17 In our study we recognized as
independent predictors for early stroke the advanced age, the peripheral vascular disease, and
the obesity.
Follow-Up Outcome
Mid- and long-term efficacy of the off-pump CABG remains unclear.18 Results from
the ROOBY Trial recently published by Hattler and co-workers,19 indicated that OP-CABG
in comparison with ON-pump CABG was associated with a significant lower patency rate at
1 year of follow-up either for arterial (85.8% vs. 91.4%) than for saphenous (72.7% vs.
80.4%) grafts (P<0.05). Moreover effective revascularization was significantly worse after
off-pump than on-pump. Takagi and Co-workers 6 in a systematic review of randomized trials
comparing off-pump and on-pump CABG surgery showed lower rates of revascularization
and graft patency in the off-pump coronary surgery, with a 38% increase in repeat
revascularization rate. Reduced graft patency and incomplete revascularization can affect
long-term results and increase repeat interventions with adjunctive expenditure.20 Hannan et
al.9 in 13,889 off- pump CABG and 35,941 on-pump CABG patients reported a better
freedom from a subsequent revascularization following on-pump CABG (93.6% vs. 89.9%).
However, more recent series evidenced that off-pump coronary surgery performed by skilled
surgeons may offer the same effective results during follow-up in comparison with a
conventional CABG.21-23 In our analysis we did not find substantial differences in terms of
survival and freedom from MACE. These findings can be likely related to the good
experience of the surgeon who performed off-pump surgery, as also reported by other studies
who have stressed the importance of a necessary experience required in the beating heart
coronary surgery.21-27 Freedom from cardiac death appeared better in the On-pump CABG
patients with a discrete statistical relevance (98% vs. 90%, Figure 2). Considering that our
follow-up was based on clinical records, we did not have definitive data about the cause of
death, details of angiographic status of the grafts or of the native coronary tree, such that to
draw a clear evidence that mortality could be related to a graft failure or to an incomplete
revascularization. However, in a recent publication, Filardo and colleagues28 showed a
significantly higher risk of death at 10 years of follow-up in OP-CABG patients in
comparison with ON-CABG patients.
Limitations of the study
The study was retrospective observational, not randomized; 2) the power of statistical
analysis in detecting differences in the two groups of CABG patients had been affected by the
selection criteria to perform OP-CABG. However, the aim of the study mainly was to analyze
the results of each type of CABG, focalizing the interest on the effectiveness of CABG
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techniques in the current clinical practice.
Conclusion
In conclusion, ON-pump CABG remains an effective surgical strategy for the
treatment of extended multivessel coronary disease, in patients affected by co-morbid
disease, with a high EuroScore. Mid-term freedom from cardiac death observed after ONpump CABG appears to be very satisfactory. Off-pump surgery needs for more expensive
technology and more demanding technique, requiring expertise surgical practice.
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