
Clinical
Investigation Full-Sternotomy Off-Pump

versus On-Pump Coronary
Artery Bypass Procedures
In-Hospital Outcomes and Complications 
during One Year in a Single Center

We prospectively compared, according to their preoperative clinical profiles, the in-
hospital outcomes of patients operated on consecutively (but without randomization)
for isolated coronary artery disease with on-pump or off-pump techniques.

During 2001, 324 patients underwent coronary artery bypass grafting: 216 patients
(mean age, 66.7 ± 8.9 years; range, 41–85 years) underwent on-pump revasculariza-
tion, and 108 patients (mean age, 67.6 ± 10 years; range, 37–90 years) underwent full-
sternotomy off-pump revascularization. The 2 groups were homogeneous with regard
to female sex (22.6% vs 26.8%), previous cardiac operation (2.8% vs 4.6%), cardio-
genic shock (1.3% vs 1.9%), diabetes (30% vs 33%), and chronic renal failure that re-
quired hemodialysis (3% vs 3.5%).

Postoperative complications, including bleeding, myocardial infarction, acute renal
failure, mediastinitis with sternal dehiscence, cerebrovascular events, and prolonged
respiratory assistance were more frequent in on-pump patients (P = 0.004). The total
number of grafts and the grafts per patient ratio were significantly higher in on-pump
patients (P = 0.0001), whereas the total number of full arterial revascularizations was
higher in off-pump patients (P = 0.0001). Off-pump patients showed a significantly
shorter intensive care unit stay (P = 0.02), and less need for intra-aortic balloon pump
insertion (P = 0.04). In-hospital mortality was 2.8% in on-pump patients and 2.7% in
off-pump patients (P = NS).

Although the hospital mortality rate was comparable for the 2 techniques, the in-
hospital comparison between the 2 groups showed how the avoidance of cardiopul-
monary bypass can significantly reduce the cumulative postoperative incidence of
complications in patients undergoing coronary artery bypass grafting. (Tex Heart Inst J
2003;30:261-7)

ardiopulmonary bypass (CPB) and cardioplegia have been the mainstays
of coronary artery bypass grafting (CABG) for a long time. However,
CPB has been recognized as one of the major causes of postoperative com-

plications and multiple organ failure, especially in elderly patients or in the pres-
ence of dif fuse atherosclerotic disease.1 It has been shown, in fact, that the
avoidance of CPB is associated with lower morbidity rates, mainly in selected high-
risk subgroups of patients undergoing CABG.2,3

Due to great improvements in technology that yield an optimal operative field,
the ability to perform coronary anastomoses on the beating heart has increased;
many authors have shown how even patients with multivessel coronary artery dis-
ease can be successfully revascularized with use of off-pump techniques.4,5 There-
fore, off-pump coronary artery bypass grafting (OPCAB) has become a real
alternative.

We studied the in-hospital morbidity and mortality rates of 324 patients who
underwent CABG via the on-pump technique (216 patients; CPB group) or via
the off-pump technique (108 patients; OPCAB group), with nonrandomized as-
signment but with prospective data collection and follow-up.

Patients and Methods

Data Recording. From 1 January 2001 through 31 December 2001, we per-
formed 324 isolated consecutive coronary artery revascularizations. One third
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(n=108) of these patients were operated on with the
OPCAB technique by 2 surgeons. The optimal surgi-
cal strategy for each patient was determined on an 
individual basis by the attending surgeon in consulta-
tion with the patient, and not randomly. All the data
were prospectively collected and monitored for mor-
bidity and mortality rates during the patients’ hospi-
tal stay.

The following preoperative data were recorded: age,
sex, cardiac catheterization results (total number of dis-
eased vessels and left ventricular ejection fraction), pre-
vious cardiac operation, indication (emergent, urgent,
and elective), and risk factors (diabetes, chronic renal
failure with and without hemodialysis, dyslipidemia,
chronic obstructive pulmonary disease [COPD], pre-
operative intra-aortic balloon pump [IABP], smoking,
peripheral vascular disease, previous neurologic events,
previous myocardial infarction [MI], history of cancer,
chronic atrial fibrillation, and systemic hypertension).

For the purposes of this study, we defined chronic
renal failure as persistent preoperative high urea and
creatinine values or the necessity for hemodialysis,
which conditions we considered 2 separate risk fac-
tors. We summarized coronary study results in accor-
dance with National Heart, Lung, and Blood Institute
Coronary Artery Surgery Study guidelines.6

Primary end-points were operative mortality, in-
cidence of postoperative complications (including
bleeding, need for IABP, MI, acute renal failure, ster-
nal dehiscence because of mediastinitis, neurologic
events, de novo atrial fibrillation, and prolonged res-
piratory assistance), the mean length of stay in the in-
tensive care unit, the number of grafts per patient, and
full arterial revascularization.

Postoperative bleeding was defined as bleeding that
required surgical revision; IABP insertion, as use of a
balloon between the end of the CABG procedure and
discharge from the intensive care unit; mediastinitis,
as septic sternal dehiscence; cerebrovascular events, 
as all new cerebral events that persist longer than 24
hours; and prolonged respiratory assistance, as a need
for mechanical ventilation that exceeds 24 hours.
When 2 of the 3 following criteria were present, a
myocardial infarction was recorded: new Q-waves on
12-lead electrocardiogram, significant increase in P-
troponine I and P-creatine kinase myocardial band,
and new regional abnormalities on 2-dimensional
echocardiogram. Acute renal failure was defined as
postoperative P-creatinine and urea values increased
in relation to preoperative ones or the need of furo-
semide infusion for longer than 72 hours or of hemo-
dialysis, despite good hemodynamic status.

The indication for surgery was defined as emergent
when the patient was in cardiogenic shock, urgent
when the patient was operated on within 48 hours of
admission or diagnosis, and elective when the patient

was in stable clinical status and summoned from home
on the day before the operation. Operative mortality
was defined as in-hospital death or death within 30
days.

Most OPCAB patients underwent re-evaluation by
coronary arteriography before discharge. The only ex-
clusion criteria were critical renal failure and denied
consent. Cardiopulmonary bypass patients did not
undergo postoperative coronary angiography.

Surgical Technique

Anesthesia. All procedures were performed with the
patients under general anesthesia; in addition, patients
received oral lorazepam, 2 mg, 1 hour before the start
of anesthesia. Monitoring catheters were inserted
under local anesthesia in the left radial artery for con-
tinuous monitoring of blood pressure and in the right
internal jugular vein for infusing drugs and monitor-
ing central venous pressure. Monitoring was also per-
formed via electrocardiographic leads II and V5 with
automated ST-segment analysis and trending, via
pulse oximetry, and via capnometry. After a 5-minute
preoxygenation period, general anesthesia was in-
duced with thiopental (2.5 mg/kg) followed by 
fentanyl (5 µg/kg) and vecuronium (0.1 mg/kg). Me-
chanical ventilation with a mixture of 60% oxygen
and 40% room air was administered. Maintenance of
anesthesia was achieved with fentanyl (up to 20 µg/kg
before sternotomy) and with a continuous infusion of
propofol (3 mg/kg per hour) and cisatracurium (1.5
µg/kg per min). Intravenous antibiotic prophylaxis
(cephazolin, 30 mg/kg) was given. All patients were
monitored during the entire procedure by means of
transesophageal echocardiography.

All patients were operated on through a median
sternotomy. The conduits of choice were the left and
right internal thoracic arteries (LITA and RITA, re-
spectively), the radial artery, and the saphenous vein.
The thoracic arteries were harvested as pedicled ves-
sels with satellite veins, fascia, and muscle.

Off-Pump Coronary Artery Bypass. When perform-
ing OPCAB surgery, we routinely used a Genzyme
stabilizing system (Genzyme Corporation; Cam-
bridge, Mass), Silastic rubber sutures placed proximal
and distal to the anastomotic site as coronary artery
occluders, an intraluminal shunt in case of hemody-
namic instability, and a custom-made blower insuf-
f lating humidified CO2 at a f low less than 5 L/min,
to ensure a bloodless operative field.

Intravenous heparin (1 mg/kg) was given to main-
tain an activated clotting time longer than 400 sec-
onds. Deep pericardial sutures were placed to keep the
heart vertical to enable lateral vessel grafting, and the
orientation of the operating table was modified to en-
able exposure of the right coronary artery territory.
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After we performed the arteriotomy, we tightened
the snares, avoiding excessive tension, just enough to
obtain a bloodless operative field. We preferred to per-
form first the anastomosis on the vessel with the cul-
prit stenosis or with a large dependent territory. When
the radial artery, saphenous vein, and LITA or RITA
grafts were performed in a free-graft or Y-graft con-
figuration, the proximal anastomosis was fashioned
first. The posterior descending coronary artery was
preferred to the right coronary artery as the target ves-
sel, to avoid arrhythmias and atrioventricular block.

Cardiopulmonary Bypass. When performing CABG
surgery under CPB, we maintained the activated 
clotting time above 480 seconds. Cardiopulmonary
bypass was instituted with a single right atrial cannula
and ascending aortic cannulation. The flow was main-
tained at 2.4 L/min/m2 with a mean arterial blood
pressure greater than 50 mmHg, at 32 °C; in the in-
stance of a previous cerebrovascular event, the f low
was pulsatile. Cardiac arrest was achieved by cold in-
termittent blood cardioplegia, antegrade and retro-
grade.

Statistics. The prevalence of risk factors and the 
1-year cumulative incidence of perioperative (in-
hospital) death and complications in the 2 groups
were compared with the Fisher exact test for discrete
variables and the t test for continuous variables.

Results

Demographics. All preoperative data and risk factors
are detailed in Table I. The 2 patient populations,
CPB and OPCAB, were comparable with regard to
mean age and age distribution, female sex (22.6% vs
26.8%, respectively), previous cardiac operation, 
diabetes, cardiogenic shock, chronic renal failure,
chronic renal failure treated with hemodialysis, dys-
lipidemia, surgical indications, preoperative IABP 
insertion, peripheral vascular disease, low ejection
fraction, history of cancer, chronic atrial fibrillation,
and hypertension. In CPB patients, there was a signif-
icant occurrence of smoking (18.5% vs 8.3%), previ-
ous neurologic events (7.8% vs 2.7%), and previous
MI (21.3% vs 12%). Chronic obstructive pulmonary
disease was more prevalent in OPCAB patients (9.2%
CPB vs 21.3% OPCAB). The OPCAB patients were
a little older, and that group had a slightly larger per-
centage of women. With regard to age distribution,
the OPCAB patients had a larger distribution in the
age group over 60 years, and the CPB patients were
homogeneously distributed even in the younger age
group. No patient selected for the OPCAB surgical
technique was converted to CPB surgery during op-
eration.

Patients with fewer diseased vessels, specifically sin-
gle or double vessels, prevailed significantly in the

OPCAB group (single vessel, P = 0.0001; double ves-
sel, P = 0.045). Multivessel disease prevailed in the
CPB group (P = 0.0001). Left main disease was 19.2%
in the CPB group and 14.3% in the OPCAB group 
(P = 0.36) (Table II).

Full revascularization dominated in CPB patients
(grafts per patient, 2.25 ± 1.2 CPB vs 1.5 ± 1.7
OPCAB; P = 0.0001), and full arterial revasculariza-
tion dominated in OPCAB patients (35% CPB vs
80.5% OPCAB; P = 0.0001). The LITA grafts were
used in most patients in both groups (96.2% CPB vs
99.1% OPCAB). Four LITA grafts were performed
in sequential fashion to the left anterior descending
coronary artery (LAD) and diagonal branch in the
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TABLE I. Demographics and Risk Factors

CPB OPCAB
(n=216) (n=108) P Value

Age (yr; range) 66.7 ± 8.9 (41–81) 67.6 ± 9.2 (37–90) 0.41
<60 23%   (8% F) 18.6%(15% F) 0.39
60–69 33% (20.8% F) 33% (17.1% F) 0.9
70–79 38% (27.7% F) 40% (41.8% F) 0.8
>80 6% (63.6% F) 8.4%(22.2% F) 0.33

Female 22.6% 26.8% 0.41

PCO 2.8% 4.6% 0.5

CS 1.3% 1.9% 1

Urgent 4.6% 2.7% 0.5

Preop-IABP 2.7% 3.7% 0.73

EF ≤30% 6% 2.7% 0.28

MI 21.3% 12% 0.07

CRF+H 3% 3.5% 1

CRF 8% 13% 0.16

COPD 9.2% 21.3% 0.005

Previous NE 7.8% 2.7% 0.09

Diabetes 30% 33% 0.6

Dyslipidemia 25% 16.6% 0.12

Smoking 18.5% 8.3% 0.02

PVD 8% 8.3% 1

Cancer 2.7% 3.7% 0.73

Chronic AF 6% 3.7% 0.44

Hypertension 38.4% 33% 0.39

AF = atrial fibrillation; COPD = chronic obstructive pulmonary
disease; CPB = cardiopulmonary bypass; CRF = chronic renal
failure; CRF+H = chronic renal failure with hemodialysis; 
CS = cardiogenic shock (emergent); EF = ejection fraction; 
F= female; IABP = intra-aortic balloon pump; MI = myocardial
infarction; NE = previous cerebrovascular events; 
OPCAB = off-pump coronary artery bypass; PCO = previous
cardiac operation; PVD = peripheral vascular disease



atrial fibrillation, and prolonged respiratory assistance
were more frequent in CPB patients, although not
significantly so. In all patients who sustained neu-
rologic events, the proximal anastomoses were per-
formed with partial ascending aortic clamping. When
the cumulative postoperative incidence of all compli-
cations in patients undergoing CABG was compared,
a statistically significant low occurrence (P = 0.004)
was found in the OPCAB group.

The mean intensive care unit stay (in days) was sig-
nificantly longer in the CPB than in the OPCAB pa-
tients (P = 0.02).

Postoperative Mortality. Six patients died in the CPB
group and 3 in the OPCAB group, for operative mor-
tality rates of 2.8% and 2.7%, respectively (Table IV).
Among the 6 deaths in the CPB group, 2 patients
died suddenly on the 3rd and 4th postoperative days,
3 died of low cardiac output syndrome and acute
renal failure due to MI, and the last died because of a
new neurologic event. Among the 3 OPCAB deaths,
1 patient died suddenly on the 4th postoperative day,
the 2nd because of low cardiac output syndrome due
to acute renal failure secondary to postoperative an-
giography, and the last because of cholecystitis. The
patients who died had the following prevalent risk fac-
tors: chronic renal failure treated with hemodialysis 
(2 OPCAB and 1 CPB; 33.3% of the patients who
died), previous cardiac surgery (the first was a CPB
patient who 8 years before had undergone a LITA–
LAD graft and marginal and posterior descending ar-
tery branch anastomoses with saphenous vein grafts;
and the second was an OPCAB patient who 12 years

CPB group, in comparison with 6 sequential grafts in
the OPCAB patients. The RITA grafts were used in
only 5% of CPB patients and in 1.8% of OPCAB pa-
tients, because we enlarged the use of the nondomi-
nant radial artery (13.4% of total grafts in CPB vs
11.2% in OPCAB) (Table II). When the ascending
aorta was affected by atherosclerotic plaques, detected
either by palpation or by epiaortic ultrasonography,
we attempted to prevent perioperative stroke by
avoiding partial aortic clamping; instead, we per-
formed the proximal anastomosis in the Y-graft fash-
ion (6 CPB vs 4 OPCAB patients).

Postoperative Morbidity. Table III summarizes the
in-hospital morbidity rates of all patients. The com-
plication with the highest incidence rate was acute
renal failure, which occurred mostly in CPB patients
(10.2% CPB vs 5.5% OPCAB; P = 0.21). Among pa-
tients who had acute renal failure, 13.6% of CPB and
33% of OPCAB patients had chronic renal failure
preoperatively.

The use of the IABP was significantly higher in the
CPB patients (7.8% vs 1.8%; P = 0.04), and MI was
more frequent in the CPB patients, although not sig-
nificantly so (7.8% CPB vs 5.5% OPCAB; P = 0.5).

In regard to all other complications, bleeding, ster-
nal dehiscence due to mediastinitis, neurologic events,
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TABLE II. Operative Data on 324 Patients

CPB OPCAB 
(n=216) (n=108)

No. diseased vessels per pt.
1 (P = 0.0001) 15 (7%) 33 (31%)
2 (P = 0.045) 49 (22.8%) 36 (33.3)
3 (P = 0.0001) 110 (51%) 22 (21.4%)
Left main >50% 42 (19.2%) 16 (14.3%)

(P = 0.36)

Mean no. diseased vessels 2.5 1.9

No. grafts per pt. 
(P = 0.0001) 2.25 ± 1.2 1.5 ± 1.7

No. LITA grafts per pt. 96.2% 99.1%

No. grafts used
LITA 208 (4 sequential) 107 (6 sequential)
RITA 11 2
Radial artery 65 18
Saphenous vein 198 28

FAR (P = 0.0001) 76 (35%) 87 (80.5%)
1 graft per pt. 27 pts. (35.5%) 69 pts. (79.3%)
2 grafts per pt. 43 pts. (56.5%) 17 pts. (19.5%)
3 grafts per pt. 6 pts. (8%) 1 pt. (1.2%)

CPB = cardiopulmonary bypass; FAR = full artery revascular-
ization; LITA = left internal mammary artery; OPCAB = off-
pump coronary artery bypass; pt. = patient; RITA = right
internal mammary artery

TABLE III. Postoperative Morbidity

CPB OPCAB
(n=216) (n=108) P Value

Bleeding 2.7% 1.8% 0.72

IABP 7.8% 1.8% 0.04

MI 7.8% 5.5% 0.5

Acute renal failure 10.2% 5.5% 0.21

SDM 1.4% 0.9% 1

NE 3.2% 1.8% 0.72

Atrial fibrillation 32% 31% 0.28

PRA 1.4% 0 0.55

ICU stay (days) 2.7 ± 8 1.4 ± 0.8 0.02

CPB = cardiopulmonary bypass; IABP = intra-aortic balloon
pump; ICU stay = intensive care unit stay; MI = myocardial 
infarction; NE = cerebrovascular events; OPCAB = off-pump
coronary artery bypass; PRA = prolonged respiratory assis-
tance; SDM = sternal dehiscence because of mediastinitis



Discussion

This study prospectively investigated the in-hospital
mortality and morbidity rates of 2 groups of patients
who were assigned to CPB or OPCAB techniques
(but not at random), which were performed during a
1-year period in single university center.

Off-pump myocardial revascularization, which
avoids tissue ischemia and systematic inf lammatory
response as well as less oxidative stress and myocardial
injury, is gaining popularity as a feasible alternative to
conventional CABG with CPB and is displaying a
trend toward lower rates of morbidity and mortality,
and lower cost.7,8

Many reports confirm that single and multiple
coronary revascularization can be performed safely in
a beating heart, with good early and mid-term results:

before had undergone double saphenous vein anas-
tomoses of the LAD and the marginal branch), and
IABP insertion (4 CPB vs 1 OPCAB).

The patients underwent autopsy, and the cause of
death was discussed with the pathologist. All the anas-
tomoses that had been performed in these patients
were patent.

Postoperative Angiography. Angiography before dis-
charge was performed in 86 OPCAB patients (79.6%).
All 6 sequential grafts were patent. Among a total of
155 grafts performed in 108 OPCAB patients, 5
(3.2%) grafts showed a culprit stenosis in 3 patients
(2.7%). Only in 1 patient, a 77-year-old man with a
critical distal stenosis at the LITA–LAD anastomosis
level, was a percutaneous transluminal coronary an-
gioplasty procedure performed. In the other 2 pa-
tients, no adjunctive procedure was added.

TABLE IV. Postoperative Mortality

Age/ Risk Surgical Postoperative Cause
Procedure Sex Factors Procedure Morbidity of Death

OPCAB 69/F CRF+H; LITA–LAD Ventricular fibrillation SD (4th PO day)
smoking;
hypertension;
Bilrot II

OPCAB 76/F CRF+H; LITA–LAD IABP; ARF; Peritonitis 
MI; PTCA cholecystitis (5th PO day)

OPCAB 81/M CRF; PCO LITA–LAD Postangiography LOS
ARF (5th PO day)

CPB 54/M Smoking; LITA–LAD; Ventricular fibrillation SD (3rd PO day)
hypertension RITA–MB;

RAD–PDA

CPB 78/M Smoking; LITA–LAD; ARF; IABP LOS
hypertension; saphenous (7th PO day)
COPD vein PDA

CPB 59/F Smoking; LITA–LAD; IABP; ARF; MI NE 
hypertension; RAD–MB (13th PO day)
COPD

CPB 77/M CRF+H; LITA–LAD; MI; NE; bleeding; LOS 
hypertension; saphenous SDM; ARF (18th PO day)
COPD vein PDA

CPB 70/M Smoking; LITA–LAD Ventricular fibrillation SD (4th PO day)
hypertension;
COPD

CPB 70/M CRF; PCO; RITA–LAD IABP; ARF; MI LOS
EF <0.30 (121st PO day)

ARF = acute renal failure; Bilrot II = previous Bilrot II surgery for gastric ulcer; COPD = chronic obstructive pulmonary disease;
CPB = cardiopulmonary bypass; CRF = chronic renal failure; CRF+H = chronic renal failure with hemodialysis; EF = ejection frac-
tion; F = female; IABP = intra-aortic balloon pump; LAD = left anterior descending coronary artery; LITA = left internal mammary
artery; LOS = low output syndrome; M = male; MB = marginal branch; MI = myocardial infarction; NE = cerebrovascular events;
OPCAB = off-pump coronary artery bypass; PCO = previous cardiac operation; PDA = posterior descending artery; po = postop-
erative; PTCA = percutaneous transluminal coronary angioplasty; RAD = radial artery; RITA = right internal mammary artery; 
SD = sudden death; SDM = sternal dehiscence because of mediastinitis
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specifically, a lower incidence of neurologic deficit,
renal failure, prolonged airway intubation, blood loss,
and wound infections, compared with on-pump
cases.4,9,10

Nevertheless, some authors11 have identified a large
number of patients who experienced new-onset angi-
na after undergoing off-pump procedures. Moreover,
some of these patients had angiograms showing sten-
oses at or near the anastomotic sites.11

It is clear that high-quality anastomoses are crucial
for graft patency. It is therefore mandatory to obtain
good intraoperative exposure and stabilization in or-
der to achieve this goal.12

In the present study, the 2 groups of patients were
comparable in age and distribution of age, sex, previ-
ous cardiac operation, surgical indication, preopera-
tive IABP insertion, low ejection fraction, chronic
renal failure, diabetes, dyslipidemia, peripheral vas-
cular disease, history of cancer, chronic atrial fib-
rillation, and hypertension. The only risk factors
significantly different between the 2 groups were pre-
vious MI, previous neurologic event, and smoking,
which were more frequent in CPB patients, and
COPD, which was more frequent in OPCAB pa-
tients.

The CPB patients had significantly more complete
revascularizations, with a mean of 2.25 ± 1.2 grafts and
a mean of 2.5 diseased vessels, as opposed to a mean 
of 1.5 ± 1.7 grafts and 1.9 diseased vessels in OPCAB
patients. Full arterial revascularization predominated
in OPCAB patients (80.5% vs 35%) because of a sig-
nificant prevalence of single- and double-vessel disease
in this group. All the CABG patients who underwent
full arterial revascularization received complete revas-
cularization.

The concept that complete revascularization is asso-
ciated with better long-term survival has been ad-
vanced by many authors.13,14 Scott and associates14

showed that the LITA–LAD graft is the most impor-
tant bypass graft but that patients (2,067 patients;
mean age, 54 ± 9 years) who underwent an incom-
plete revascularization were affected by a significantly
lower survival rate, starting from the 2nd decade after
surgery. Our current policy, to minimize complica-
tions, is to avoid full revascularization in the presence
of small and greatly diseased vessels with poor run-
off, fibrous or necrotic areas, or significant comorbid
conditions that increase surgical risk. The single-
vessel LITA–LAD patients in our study were older
(mean age, 71 ± 9.7 years) than were Scott’s patients,
which in itself increased the morbidity and mortality
risks. Moreover, these patients were severely affected
by many comorbid conditions, such as chronic renal
failure (14%), COPD (7%), peripheral vascular dis-
ease (7%), low ejection fraction (4.4%), previous MI
(7%), and previous cardiac operation (4%), which in

our judgment justified incomplete revascularization
policy in this 70-year-old population.

The cumulative incidence rate of postoperative
blood loss and bleeding that required surgical re-
exploration was higher in CPB patients. De novo 
atrial fibrillation and sternal dehiscence due to medi-
astinitis were also more frequent in CPB patients.
Acute renal failure was the most frequent complica-
tion, with an occurrence rate of 9% in the total popu-
lation: in CPB patients it was almost double that in
OPCAB patients (10.2% vs 5.5%; P = NS), despite
the higher rate of chronic renal failure in the latter
group.

According to our data and to other authors’ find-
ings in regard to elderly patients or to severe left ven-
tricular dysfunction,15-17 OPCAB results in better
myocardial preservation with a lower need for IABP
insertion and a lower occurrence of new MI. Our 2
groups were absolutely comparable in terms of surgi-
cal indication, low ejection fraction, need for preoper-
ative IABP insertion, and previous cardiac operation.

The occurrence of a new neurologic event was high-
er in CPB patients, as expected,18 but it is relevant to
note that these patients were significantly more affect-
ed by cerebral complications preoperatively. All of the
patients affected by neurologic events underwent par-
tial aortic clamping for the proximal anastomosis, and
no instance of significant atherosclerosis of the as-
cending aorta was detected at palpation. These data
suggest the usefulness in this high-risk subgroup of
patients of the no-touch aortic technique using se-
quential and Y-graft anastomoses, as described by
other authors.19

The stay in the intensive care unit was significantly
shorter among OPCAB patients because of shorter
time to extubation (despite a greater prevalence of
COPD in these patients; P = 0.005), less occurrence
of acute renal failure and less need of furosemide in-
fusion, and shorter time for hemodynamic recovery.

The in-hospital mortality rate was similar with the
2 techniques; however, most deaths in OPCAB pa-
tients were noncardiac related. The anastomoses were
all widely patent at autopsy. In this group, 1 patient
died of low-output syndrome: he was an 81-year-old
man with chronic renal failure and previous cardiac
operation who was discharged from the intensive care
unit on the 2nd postoperative day and died of acute
renal failure consequent to follow-up coronary an-
giography. None of the patients who died experienced
an acute MI. Three patients in the CPB group died of
low-output syndrome, and in 2 of these an acute MI
was discovered. Two patients died suddenly, and au-
topsy did not clarify the cause of these deaths, which
occurred despite patent graft anastomoses. One young
woman without a previous cerebral event died of a
neurologic event; in this case, the patient had under-
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of revascularization during long-term follow-up after coro-
nary artery operations. J Thorac Cardiovasc Surg 1996;112:
227-37.

14. Scott R, Blackstone EH, McCarthy PM, Lytle BW, Loop
FD, White JA, Cosgrove DM. Isolated bypass grafting of
the left internal thoracic artery to the left anterior descend-
ing coronary artery: late consequences of incomplete revas-
cularization. J Thorac Cardiovasc Surg 2000;120:173-84.

15. Demers P, Cartier R. Multivessel off-pump coronary artery
bypass surgery in the elderly. Eur J Cardiothorac Surg 2001;
20:908-12.

16. Al-Ruzzeh S, George S, Yacoub M, Amrani M. The clinical
outcome of off-pump coronary artery bypass surgery in the
elderly patients. Eur J Cardiothorac Surg 2001;20:1152-6.

17. Eryilmaz S, Corapcioglu T, Eren NT, Yazicioglu L, Kaya K,
Akalin H. Off-pump coronary artery bypass surgery in the
left ventricular dysfunction. Eur J Cardiothorac Surg 2002;
21:36-40.

18. van der Linden J, Hadjinikolaou L, Bergman P, Lindblom
D. Postoperative stroke in cardiac surgery is related to the
location and extent of atherosclerotic disease in the ascend-
ing aorta. J Am Coll Cardiol 2001;38:131-5.

19. Al-Ruzzeh S, George S, Bustami M, Nakamura K, Khan S,
Yacoub M, Amrani M. The early clinical and angiographic
outcome of sequential coronary artery bypass grafting with
the off-pump technique. J Thorac Cardiovasc Surg 2002;
123:525-30.

20. Lund O, Christensen J, Holme S, Fruergaard K, Olesen A,
Kassis E, Abildgaard U. On-pump versus off-pump coro-
nary artery bypass: independent risk factors and off-pump
graft patency. Eur J Cardiothorac Surg 2001;20:901-7.

gone double-vessel revascularization with a partial
clamping technique for the proximal anastomosis.

The achievement of high-quality anastomosis is
more diff icult in the OPCAB technique but is of
course critical to its success. We performed early
pre-discharge angiography in 80% of OPCAB pa-
tients, the results of which showed a high patency
rate and confirmed other authors’ good results with
beating-heart surgery.20 Three patients were affected
by critical graft stenosis, but in only 1 case did the car-
diologist perform a percutaneous transluminal cor-
onary angioplasty. When we weigh the benefits of
optimal patency against the risks of invasive follow-
up angiography (1 death due to acute renal failure and
low-output syndrome), we think we should limit re-
study to patients without comorbid conditions.

In conclusion, the patients who underwent CABG
with the OPCAB technique showed a lower cumula-
tive incidence of complications and a lower mortality
rate than did the CPB patients, even in higher risk 
patients, although this difference was not significant
if each complication was analyzed in isolation. The
need for IABP intervention and the rate of myocar-
dial infarction were less frequent during OPCAB 
surgery, and the OPCAB patients’ recovery time in 
intensive care was shorter. The postoperative angio-
graphic studies, consecutively performed, showed ex-
cellent quality and patency of anastomoses in the
sequential and Y-grafts fashioned during use of the
beating-heart technique. Reducing manipulation of
the ascending aorta by avoiding cannulation and par-
tial clamping contributes greatly to the reduction of
cerebrovascular complications.
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