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Introduction and objectives. Myocardial revascularization
without cardiopulmonary bypass has been shown to reduce
operative morbi-mortality. We report our recent experience
with this novel technique in order to evaluate its theoretical
advantages in comparison with conventional surgery.

Patients and methods. This retrospective analysis in-
cluded 547 consecutive patients undergoing isolated
myocardial revascularization from December 1997 th-
rough November 2000. One hundred twenty-one off-
pump patients were compared to 426 undergoing cardio-
pulmonary bypass. Logistic regression analysis was
performed to find predictors of mortality, transfusion, pos-
toperative atrial fibrillation and length of hospital stay.

Results. Off-pump patients were at greater risk: they were
older, with a lower ejection fraction and a higher prevalence
of unstable angina, heart failure and associated comorbidity.
Off-pump surgery reduced transfusions (1 ± 1 vs 1,9 ± 2 blo-
od units; p < 0.0001) and postoperative hospital stays (8.9 ± 5
vs 11,3 ± 7 days; p < 0.001). The off-pump group showed a
trend toward reduced morbidity but the technique did not de-
crease hospital mortality. Cardiopulmonary bypass was an
independent predictor of blood transfusion and longer hospi-
tal stay. Short-term follow-up revealed no significant differen-
ces in recurring angina or patency rates.

Conclusions. Off-pump coronary bypass surgery is a
good option in high-risk patients because it reduces the
incidence of perioperative transfusion and the length of
hospitalization. Furthermore, it showed a trend toward re-
duced morbidity. Mortality was not significantly higher in
spite of the higher risk of the patients. Long-term longitu-
dinal follow-up is mandatory to assess the true effective-
ness of this technique.

Key words: Cardiopulmonary bypass. Coronary disease.
Revascularization.
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Ventajas de la revascularización miocárdica sin
circulación extracorpórea en pacientes de riesgo

Introducción y objetivos. La revascularización mio-
cárdica sin circulación extracorpórea ha logrado disminuir
la morbimortalidad quirúrgica. Presentamos nuestra ex-
periencia reciente con esta nueva técnica para valorar
sus teóricas ventajas respecto a la cirugía convencional.

Pacientes y métodos. En un análisis retrospectivo se
incluyeron a 547 pacientes consecutivos sometidos a re-
vascularización miocárdica aislada entre diciembre de
1997 y noviembre de 2000. Se compararon 121 pacien-
tes sin bomba con 426 sometidos a extracorpórea. Se
realizó un análisis de regresión logística buscando pre-
dictores de mortalidad, transfusión, fibrilación auricular
postoperatoria y estancia.

Resultados. Los pacientes sin bomba fueron de mayor
riesgo: mayor edad, fracción de eyección inferior y una
mayor prevalencia de angina inestable, insuficiencia cardí-
aca y comorbilidad previa. Esta técnica redujo las transfu-
siones (1 ± 1 frente a 1,9 ± 2 concentrados de hematíes; p
< 0,0001) y la estancia postoperatoria (8,9 ± 5 frente a
11,3 ± 7 días; p < 0,001). El grupo sin bomba presentó
una tendencia hacia una menor morbilidad, pero no se lo-
gró disminuir la mortalidad hospitalaria. La extracorpórea
fue un predictor de transfusión y mayor estancia. A corto
plazo no se encontraron diferencias significativas en cuan-
to a angina recurrente o permeabilidad de injertos.

Conclusiones. La revascularización sin bomba es una
buena alternativa en pacientes de riesgo porque reduce
la necesidad transfusional y la estancia postoperatoria.
Además, presentó una tendencia hacia una menor morbi-
lidad. La mortalidad no fue significativamente mayor a pe-
sar del alto riesgo de los pacientes. Es necesario un se-
guimiento a largo plazo para determinar la efectividad
real de esta técnica.

Palabras clave: Circulación extracorpórea. Enfermedad
coronaria. Revascularización.

INTRODUCTION

The spread of myocardial revascularization in a bea-
ting heart (with or without cardiopulmonary bypass
[CPB]) has made clear the problems associated with
CPB physiopathology. This «new» technique is a sur-
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gical technique which has been used since the begin-
ning of heart surgery, but its recent reintroduction
marks the start of a genuine revolution. There are an
increasing number of studies demonstrating the benefit
of this technique, and the resulting decreases in surgi-
cal mortality and morbidity,1-3 particularly the case in
the sub-group of high-risk surgery patients.3-7 It must
be taken into account, however, the uncertainty su-
rrounding the probable decrease in the coronary graft
impermeability associated with this surgery as it invol-
ves a more complicated technique. Our study is aimed
at confirming the advantages of myocardial revascula-
rization without CPB, and an analysis of the course
peri-operatively and post-operatively of our patients,
comparing the results of conventional surgery with
those of this procedure.

PATIENTS AND METHODS

We made a comparative analysis of 547 consecutive
patients who underwent aortocoronary bypass with
and without CBP on our service from December 1997
to November 2000. We included only those patients
who underwent myocardial revascularization alone,
after other associated techniques had been discarded.
Initially study cohort was broken down into 2 groups,
those in whom CPB had been used (426 patients) and
those in whom it had not (121 patients) been used. A
series of pre- and post-surgery values were evaluated;
initial surgical risk was determined by 3 morbidity-
mortality scores: the Higgins,8 the Tuman,9 and the
Euroscore.10 Three subgroups were established as a
function of the scores obtained with Euroscore: 0-2
points or low-risk, 3-5 points or intermediate risk, and
≥ 6 points or high risk. In the overall patient group, we
searched for variables that predicted hospital death,
longer hospital stay, the need for peri-surgical transfu-
sion, and post-surgical failure with atrial fibrillation
(AF). The type of surgery (with CPB vs without CBP)
was included as a variable to confirm whether there
was a difference between these predictors.

Data was collected from the clinical histories and
the PATS (Cormédica®, Palex Group) database. In
most patients post-operative followup was obtained
during the first year by telephone. 

Aortoconary bypass intervention without CPB

The usual procedure was mid-sternotomy, although
in some patients left anterior mini- thoracotomy was
used. In most patients, the left internal mammary ar-
tery was used as the first choice for the graft, although
other arterial grafts were used (right mammary or left
radial artery).  Optimum exposure was achieved with
the use of pericardial traction points (Lima points).
Positioning the operating table in the right lateral de-
cubitus Trendelenberg position improved the exposure
of the circumflex area. A C.T.S. stabilizer was used
(Cardiothoracic Systems Inc., Cupertino, CA, USA)
on the first patients which was later replaced by the
Octopus I and II system (Medtronic Inc., Minneapolis,
MN, USA); the Octopus II system was used most of-
ten. After system heparinization (dose: 1.5 mg/kg)
control of the coronary artery to be bridged was achie-
ved with a prolene 6/0 double slip-stitch proximal and
distal to the arteriotomy. In 1 patient who had poor he-
modynamic tolerance when the artery was occluded, it
was necessary to use an intracoronary shunt. In 70%
of patients the permeability of the graft was tested in
situ with a flow meter (Medi-Stim Butterfly
Flowmeter, Medi-Stim AS, Oslo, Norway). After the
intervention, an early extubation protocol was follo-
wed (the first at 4 hours post-surgery).  

Aortocoronary bypass intervention with CPB

In all patients, mid-sternotomy was carried out and
the left internal mammary artery was used in the majo-
rity, but other arterial grafts were also used. After can-
nulating the ascending aorta and the right atrium, and
heparinizing the patient (3 mg/kg), cardiopulmonary
bypass was initiated. In all patients a membrane oxy-
genator and roller centrifuge pump was used. System
hypothermia of 30 to 32 °C was induced, and retrogra-
de and antegrade cryocardioplegia (cold shot) was
used with grafts. Before aortic cross-clamping, a hot
shot was administered. All patients were extubated at
8 hours as is customary.

Statistical analysis

Statistical analysis was performed with the
Windows SPSS 6.0.1 statistics program. The quantita-
tive values were expressed as mean and standard de-
viation, and the qualitative values as percentages.
After a descriptive study, the variables between the
groups were compared through χ2 tests for the analysis
of qualitative variables, and the Student t test for nu-
merical data (previous verification of supposition of
normalcy). The corresponding logistical regression
analyses were carried out to estimate whether surgery
with CPB was 1of the independent variables associa-
ted with mortality, longer hospital stay, and post-surgi-
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ABBREVIATIONS

CVA: cerebrovascular accident
AV: atrioventricular
COBN: chronic obstructive bronchopneumopathy
CPB: cardiopulmonary bypass
CPPVS: continuous positive pressure ventilator
support
AV: atrial fibrillation
EF: ejection fraction



cal AV failure. The variable «surgery with CPB» was
included, as were all those with a value of P≤0.2, in a
previous univariate analysis. The variables age, sex,
previous ejection fraction, NYHA, and unstable angi-
na were also considered in the models, given their cli-
nical significance.

RESULTS

Of a total of 547 patients, surgery without CPB was
used in 121 (28.4%). The usual method was mid-ster-
notomy, except in 14 patients in the group without
CPB in which left anterior mini-thoracotomy was used
(11.6% of the group). The most common stabilization
system used was the Octopus (115 patients; 95%).

Comparison between surgery with and
without CPB in all patients

The 121 patients who underwent coronary interven-
tion without CPB were compared to the group of 426
patients who underwent surgery with CPB. The princi-
pal pre-surgery variables analyzed were similar in both
groups with regard to age, presence of unstable angi-
na, NYHA grade IV, previous ejection fraction, num-
ber of vessels affected, single- vessel disease, 3-vessel
disease, and circumflex involvement (Table 1). Those
in the group without CPB were older and had a more
severe clinical course (the differences were statisti-
cally significant); a greater number with unstable angi-
na and NYHA functional grade IV.  The previous EF
was lower in this group, although 3-vessel coronary
disease was more frequent in the group with CPB.
Chronic obstructive bronchopneumonpathy (COBN)
co-morbidity, previous cerebral accident (CVA), arte-
rial hypertension, chronic renal insufficiency, and dia-
betes mellitus type 1 were more frequent in the group
without CPB. Peripheral vascular disease was much
more frequent in the group without CPB (almost signi-
ficant) (Table 1). The greater initial risk of the group
without CPB was confirmed by the Higgins, Tuman,
and Euroscore morbidity-mortality scores (Table 2).
For post-surgery complications (Table 3), hemorrhage
was clearly the greatest in the group with CPB, who
had more transfusions and re-operations. In the group
without CPB the number of new episodes of post-sur-
gical AF, sepsis, deep sternal infection or mediastini-
tis, and significant pleural drainage (a third or more of
the hemithorax) was lower, but was not significant.
We did not differentiate between this group and that
with CPB as far as transitory phrenic paralysis, transi-
tory AV block, or respiratory distress.

There was no difference between the 2 groups with
regard to acute peri-operative myocardial infarction,
maximum CPK-Mb levels, pneumonia and post-opera-
tive CVA, prolonged intubation (>48 h), re-intubation,
or episodes of severe bronchiospasm requiring bron-

chodilator treatment or measures involving positive
pressure ventilator assistance [PPVA]). The lower inci-
dence of complications translated into a shorter post-
operative hospital stay in the group without CPB (sta-
tistically significant). On the other hand, despite the
lower morbidity, nosocomial mortality was greater in
the group without CPB (Table 3). We also assessed the
percentage of incomplete revascularization (some co-
ronary territory with stenosis not revascularized);
29.7% (36 patients) in the group without CPB vs
13.3% (57 patients) in the conventional group (P<.01).
At 1 year followup, 4 patients (3% of the group) pre-
sented with typical unstable angina in the group wit-
hout CPB; angiography was performed in 1 patient,
revealing the occlusion of a saphenous graft on the
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TABLE 1. With CPB vs without CPB (overall group):

Pre-surgical variables

With CPB Without CPB

Variable (n=426) (n=121) P

Female, % 85 (20) 27 (22.3) .570
Median age, years, ±SD 62.4 (9.3) 66.2 (10) <.001
Re-operation, % 5 (1.2) 7 (5.8) .006
Unstable angina, % 96 (22.5) 39 (32.2) .029
Angina grade, ±SD 2.97 (0.69) 3.02 (0.79) .476
NYHA IV, % 10 (2.3) 10 (8.3) .004
NYHA, median value, ±SD 1.62 (0.77) 1.97 (0.93) <.001
Previous EF, in en %, ±SD 56.3 (11.9) 53.6 (13.2) .037
Previous AMI, % 218 (51.2) 53 (43.8) .152
Number of previous AMI, ±SD 0.62 (0.69) 0.52 (0.67) .180
Previous IABP, % 25 (5.9) 1 (0.8) .021
Number of vessels affected, ± 2.6 (0.5) 2.1 (0.8) <.001
Single-vessel disease, % 23 (5.3) 34 (28) <.001
3-vessel disease, % 300 (70.4) 49 (40.4) <.001
PLT involvement, % 84 (19.7) 27 (22.3) .530
CX involvement, % 328 (77) 60 (49.6) <.001
RC involvement, % 305 (71.6) 65 (53.7) <.001
AHT, % 205 (48.1) 60 (49.6) .776
COBN, % 55 (12.9) 19 (15.7) .428
Previous CVA, % 23 (5.4) 10 (8.3) .242
Previous CRI, % 17 (4) 7 (5.8) .395
DM1, % 44 (10.3) 17 (14) .251
Peripheral vascular disease, % 32 (7.5) 16 (13.2) .050

CVA indicates cerebrovascular accident; COBN, chronic obstructive bronchop-
neumopathy; CPB, cardiopulmonary bypass; RC, right coronary; CX, circum-
flex; SD, standard deviation; DM1, diabetes mellitus type 1; HTA, arterial hy-
pertension; IABP, contrapulsation balloon; CRI, chronic renal insufficiency;
PLT, principal left trunk.

TABLE 2. With CPB vs without CPB (overall group):

predictive surgical morbidity/mortality (Higgins,

Tuman, and Euroscore)

With CPB Without CEC

Variable (n=426) (n=121) P

Higgins, median value (SD) 1.9 (2.1) 3.7 (3.3) <.001
Tuman, median value (SD) 1.9 (1.8) 3.2 (2.7) <.001
Euroscore, median value (SD) 2.8 (2.3) 5.4 (4) <.001

CPB indicates cardiopulmonary bypass; SD, standard deviation.



right coronary artery. In the group with CPB, 24 pa-
tients (5.6%) developed angina during the first year;
18 patients (4.2%) had significant ischemia on dobuta-
mine echocardiography. Eleven (2.6%) of these pa-
tients were catheterized, and graft occlusion was found
in 6 (1.4%).

A later comparison between the group with and the
group without CPB was performed to risk subgroup:
patients of 75 years of age, EF=35%, NYHA grade IV
cardiac insufficiency, grade IV angina, and patients
with a history of COBN, CVA, and peripheral vascular
disease. Although it is a redundant analysis and increa-
ses multiple comparison errors, we obtained some in-
teresting results.

The most outstanding difference was the greater
number of transfusions in the group with CPB in ol-
der patients with severe ventricular dysfunction (sub-
groups EF=35% and age=75 years old). In addition,

we observed a slight tendency for a greater number of
episodes of post-operative bronchospasm in patients
without CPB in the distinct subgroups, but with an al-
most significant difference in the COBN group. In
this group, we observed a greater incidence of pneu-
monia and post-operative AF and even prolonged
ventilation in 1 patient. All this resulted in a longer
hospital stay.

Comparison of surgery without CPB and with
CPB factors in the subgroups per Euroscore

Comparisons were carried out per the Eurscore sco-
res (European scores of surgical morbidity-mortality)
(Table 4). Three subgroups of patients were establis-
hed: low risk (0-2), medium risk (3-5), and high risk
(6), corresponding to a median expected mortality rate
of 1.28%, 2.92%, and 4.8%, respectively. Among the
differences found was the greater need for transfusions
in patients with CPB, especially in the low and high
risk groups. The maximum post-operative CPK-Mb
numbers were also greater with CPB, especially in the
low-risk group. Surgery without CPB resulted in shor-
ter hospital stays in all 3 subgroups.  

Logistical regression analysis

The study was completed by determining the princi-
pal independent predictors of nosocomial death, lon-
ger post-operative hospital stays (cut off point: 9
days), need for blood transfusion, or immediate post-
operative AF failure (Table 5).

The type of surgery (with or without CPB) was a
significant predictor of peri-operative blood transfu-
sion, with a greater need for transfusion occurring in
those patients with surgery with CPB. The other inde-
pendent variable associated with transfusions was the
female sex.  The type of surgery (with CPB vs without
CPB) was also an independent predictor of longer
post-operative hospital stay (greater in patients with
CPB), along with post-operative AF failure and the
need for transfusion. In a prospective analysis, there
was a significant interaction between the type of inter-
vention and the need for transfusion when the depen-
dent variable of longer hospital stay was excluded.
The type of operation (with CPB vs without CPB) was
not associated with a greater incidence of post-operati-
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TABLE 3. With CPB vs without CPB (overall group):

Post-operative variables

With CPB Without CPB

Variable (n=426) (n=121) P

No. of CRBC per patient, SD 1.9 (2 1 (1.5 <.0001
REDO for hemorrhage, % 17 (4 1 (0.8 .085
Post-operative AF, % 70 (16.4 17 (14 .527
AF on discharge, % 16 (3.8 1 (0.8 .138
Peri-operative AMI, % 3 (0.7 1 (0.8 .889
Maximum CPK-Mb, DE 43.05 (38.22 39.43 (49.63 .543
Sepsis, % 8 (1.9 1 (0.8 .691
Deep sternal infection, % 6 (1.4 1 (0.8 .615
Pleural hemorrhage, % 54 (12.7 10 (8.3 .182
Pneumonia, % 13 (3.1 4 (3.3 .886
Prolonged intubation, % 6 (1.4 3 (2.5 .421
Reintubation, % 3 (0.7 1 (0.8 .889
Bronchospasm, % 13 (3.1 4 (3.3 .886
Post CVA, % 7 (1.6 3 (2.5 .386
Transitory phrenic paralysis, % 4 (0.9 0
Transitory AV block, % 6 (1.4 0
Respiratory distress, % 4 (0.9 0

Hospital stay
Post-operative, days, SD 11.3 (7.1 8.9 (5.7 <.001
Nosocomial death, % 4 (0.9 4 (3.3 .076
Re-catheterized, % 11 (2.6 1 (0.8 .216
Graft occlusion, % 6 (1.4 1 (0.8 .518

Post CVA indicates post-operative cerebrovascular accident; AV, atrioventricu-
lar; CRBC, concentrations of red blood cells; SD, standard deviation; REDO,
re-operation.

TABLE 4. Subgroup according to Euroscore: low, medium, and high risk

Low (0-2) Medium (3-5) High (6)

With CPB (n=224) Without CPB (n=33) With CPB (n=139) Without CPB (n=35) With CPB (n=63) Without CPB (n=53)

Number of CRBC (SD 1.8 (2 0.8 (1.2)* 1.9 (2 1.2 (2 2.3 (2.2 1.1 (1.3)**
CPK-Mb (SD 40.1 (29.3 28.5 (19.5)*** 45.5 (4043.8 (50.7 48.4 (59.3 41.3 (60.1)
PHS (SD 10.2 (6.2 6.3 (1.7 11.7 (6.6 10.3 (7.9 14.2 (9.7 9.6 (5.2)

*P<.001; **P<.05; ***P=.068. CRBC indicates concentrations of red blood cells; SD, standard deviation; PHS, post-operative hospital stay.



ve AF, but was associated with age and unstable angi-
na; however, these were not significant predictors of
nosocomial death.

DISCUSSION

The advances in CPB have reduced physiopatholo-
gic risks, especially the systemic inflammatory res-
ponse and multi-organ damage caused by ischemia-re-
perfusion. The repercussions of these deleterious
effects are greater in certain at-risk patients: those of
advanced age or with bad ventricular function or signi-
ficant dysfunction of various organs or systems. An at-
tempt to decrease the incidence of these complications
has led to the development of myocardial revasculari-
zation without CPB, especially in this at-risk type of
patient.3-7 The introduction of new surgical techniques
requires careful evaluation of the results and short-
term, medium-term, and long-term followup. This is
the only way to ascertain the most appropriate indica-
tion for this type of surgery.11 On the other hand, coro-
nary bypass without CPB, with beating heart, is more
difficult and has unavoidable repercussions with re-
gard to the initial learning curve.3,12,13 It also has an ef-
fect on complete revascularization, which tends to be
inferior when off-pump surgery is used.3

Initial studies have evaluated the efficacy and safety
of the technique.12-16 Some studies analyzed the he-
modynamic changes induced by heart mobilization
and the coronary occlusion to be bridged, evaluating
the patient´s level of tolerance.17,18 Other studies have
analyzed short-term graft permeability to verify whet-
her there is a significant decrease in this variable. The
study by Wiklund et al19 concluded that the majority of
the stenosis present on post-operative coronary angio-
graphy was not present on later studies, which brings
into question the trustworthiness of early angiographic
studies. There are also published studies on intraopera-
tive coronary angiography to confirm the proper func-
tion of coronary grafts.20,21 To this end, systematic me-
asurement of intraoperative flow with the Doppler
method was used.22 On the other hand, Ömeroglu et
al23 reported promising data on mid-term permeability
using angiographic studies in 70 randomly selected
patients (total of 696 patients) undergoing surgery wit-
hout CPB (mean coronary angiography intervention of
36 months). They concluded that the permeability in-
dex is comparable to that of conventional surgery, es-
pecially with arterial grafts on the anterior descending
artery.

Other publications have focused on analysis of the
post-operative clinical course in determining the inci-
dence of complications, nosocomial death, and the re-
percussions of this technique on hospital stays and
costs.3-7,24-26 Many investigators have compared these
results with those of using conventional surgery, gene-
rally showing a lower morbidity-mortality rate, espe-

cially in at-risk patients.3-7,24,25 Among the risk sub-
groups that could benefit from this alternative surgery
are COBN patients, those with bad ventricular func-
tion, or with risk of peri-operative CVA and, naturally,
elderly patients who constitute an ever- growing num-
ber of patients treated.27-29 They have also considered
as re-operation or in single-vessel intervention as a
viable alternative: mono-bypass to the anterior descen-
ding coronary artery via mid-sternotomy or anterior
mini-thoracotomy, or circumflex branch bypass by
mini-thoracotomy.30,31 Similarly, special cases such as
non-elective surgery32 and patients with critical left co-
ronary artery trunk stenosis have been studied.33 Our
study attempts to prove the possible benefit of analy-
zing the incidence of significant complications, noso-
comial death, and length of hospital stay. Early post-
operative surgical course (first year) and all
angiographic studies performed during said period
have also been evaluated. We collected this data in a
retrospective manner, subject to the limits inherent in
this type of design. In any case, although global re-
ports are increasing, up to this point there are few
prospective random studies on the subjectrespect,25,34

and they are limited to the immediate post-operative
period. The tendency of our service has been to use
this technique in the higher surgical risk patients and,
even in some with established contraindications for
surgery with CPB. This is in addition to positive out-
comes with conventional surgery in low- or interme-
diate-risk patients, in whom we have achieved a very
low overall mortality rate (approximately 1%) (Table
3).

Overall, we compared the results obtained with sur-
gery with and without CPB. Diverse systemic scores
predicting morbidity-mortality were applied8-10 to de-
termine the risk to the patients in our study, who were
followed for a pre-determined period of time. As has
been shown in other studies,3-7,24,25 we have achieved a
decrease in morbidity in patients who undergo surgery
without CPB, in spite of this being a high-risk group.
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TABLE 5. Predictors of longer hospital stay, need for

transfusion, and post-operative AF

Odds ratio 95% CI P

Longer stay
Surgery with CPB 2.3 1.4-3.7 <.001
Need for transfusion 2.5 1.5-4.2 <.05
Post-operative AF failure FA 2.9 1.8-4.7 <.001

Need for transfusion
Surgery with CPB 2.2 1.3-3.7 <.001
Female sex 4.8 2.4-9.4 <.0001

Post-operative AF
Age 0.95 0.93-0.98 <.005
Unstable angina 0.5 0.2-0.9 <.04

CPB indicates cardiopulmonary bypass; AF, trial fibrillation; 95% CI, 95%
confidence interval. 



The need for transfusion has been much lower and
hospital stays have been significantly shortened. Of
special note is the greater, although not significant, in-
cidence of post-operative CAV in patients in the non-
CPB group (Table 3), which is different from the fin-
dings in other studies.6,24,35 The decrease in episodes of
CAV has been associated with surgery without CPB
and without aortic cross-clamping (no pump-no touch
technique), as found by Ricci et al.24 In a setting like,
Cuenca et al35 described their experience with comple-
te arterial double mammary artery revascularization
without CPB. This is based on the use of a T-form (or
Y-form) graft in both mammary arteries, using the
Tector technique,36,37 but stripped down and without
using CPB. They thereby avoided proximal anastomo-
sis and cross-clamping in the aorta, achieving, accor-
ding to their published series, a zero incidence of CAV.
In our case, we performed proximal anastomosis of
the ascending aorta in the majority of the revasculari-
zed patients with 2 or more grafts, although partial
cross-clamping of the aorta was done during contro-
lled hypertension. For us, the Tector technique has not,
so far, shown a clear long-term benefit, and we are not
sure it is important to make the complete revasculari-
zation of the heart dependent on the flow and permea-
bility of a single mammary artery. On the other hand,
although a study of the costs has not been performed,
as in other published studies,25,38 a significant cost-re-
duction is foreseen. In spite of the low incidence of
complications, however, we have not found a decrease
in nosocomial death, which is opposite to the data pu-
blished by other authors.4,5,30 Arom et al3 have also
shown a decrease in the morbidity rate, but a compara-
ble mortality rate in both groups. A possible explana-
tion for our results may be found in the excessive risk
of the 4 patients who died (in 2 we may have underes-
timated the indication for conventional surgery).  Of
note are the excellent results regarding mortality in pa-
tients who underwent surgery with CPB. The Arom
study also introduces us to 1 of the potential risks of
off-pump surgery: incomplete revascularization) (with
1 less anastomosis than in the group with CPB) and
the greater number of early re-operations for graft oc-
clusions. In our series, the index of recurrent angina
and angioplasty in the first year was 24% and 10% af-
ter surgery without CPB vs 9% and 2% after conven-
tional surgery. In our study, these differences were not
as notable in followup. Our experience was that revas-
cularization without CPB is a safe technique with re-
sults on recurrent angina and graft permeability com-
parable to those that occur with conventional surgery.
Longer followup is needed, however, especially to
evaluate the effects of this minor complete revasculari-
zation.

In the analysis of the risk subgroups, the patients
with COBN had more respiratory problems and supra-
ventricular arrhythmias, resulting in longer hospital

stays, which is not the case in other studies. It is diffi-
cult to find a coherent explanation for this phenome-
non, but it could be related to early extubation and
more complete early post-operative management in
patients with COBN. Having an adequate fast-track
protocol in place could be beneficial, with the use of
low-dose narcotics or ultrashort action narcotics (remi-
fentanil) and optimizing post-operative analgesia. On
the other hand, re-operations for hemorrhage were
more frequent in patients who had CPB (table 3), par-
ticularly those with unstable angina. This subgroup
primarily underwent emergency surgery, and therefore
in many patients prior antiaggregant treatment was im-
possible.

When the subgroups are compared according to
Euroscore (Table 4), transfusion requirements showed
a tendency to increase with an increase risk, but were
always lower than in the group with CPB. The enzy-
mes also increased (maximum post-operative CPK-
Mb numbers) in the successive risk group, and were
always greater than in the patient who underwent CPB
(there were significant differences in the low-risk
group). Finally, the length of hospital stay was also
longer with increased risk and lower in the group who
underwent surgery without CPB. The difference length
hospital stay between the group with CPB and the
group without CPB was more notable in the higher
risk subgroup. Then the principal independent predic-
tors of  longer hospital stay, need for transfusion, AF
post-operative failure, and nosocomial death were de-
termined. This analysis confirmed that surgery with
CPB resulted in a greater rate of transfusion and lon-
ger hospital stays. It was also significantly associated
longer stays, the need for transfusion, and post-opera-
tive AF. On the other hand, female gender was a po-
tent predictor of  need for transfusion, possibly becau-
se of greater hemodilution during CPB due to smaller
body surface. Age and unstable angina are associated
with post-operative AF, but not the type of interven-
tion. Finally, we did not encounter significant predic-
tors of mortality. The results are contradictories; some
studies show a lesser incidence of immediate post-
operative FA,3,30,31 while others conclude that surgery
without CPB had no effect on the occurrence of this
arrhythmia, as myocardial ischemia is the substrate
responsible in all coronary interventions.33-36,39 The
same contraindication is advanced for nosocomial de-
ath: some propose a clear benefit with revasculariza-
tion without CPB,4,5,30 while others do not demonstrate
any improvement.3,7,25,31,33,38 There are recent published
studies which document the possible morbidity-morta-
lity rates associated with this technique.40,41 In fact, se-
veral studies have found the indications for of this sur-
gery are limited, warning of the potential
complications that can present, or simply showing the
lack of an obvious benefit. Studies note are those of
Locker et al42 and Sternik et al.43 In Locker et al´s
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study, revascularization without CPB decreased early
mortality in patients without CPB with acute myocar-
dial infarction in comparison with CPB (5% vs 24%,
respectively); but the results were different at 2-year
followup: long-term mortality was inverted (23% vs
3%), and more symptoms were evident in patients in
the group with CPB (40% vs 19%) and along with a
higher re-operation rate (15% vs 0%). Sternik et al
evaluated the progress of patients with severe ventri-
cular dysfunction who underwent myocardial revascu-
larization without CPB and found less early mortality
and less mortality at 2-year followup (3% vs 13% and
9% vs 15%, respectively), but found functional dete-
rioration and a higher re-operation rate (14% vs 10%
and 3% vs 0%, respectively). In both studies, the nega-
tive results appear to be related to the greater initial in-
complete revascularization achieved with the techni-
que without CPB. Czerny et al44 analyzed this aspect
in their study, comparing the rate of revascularization
achieved with the use of CPB or without it. Bull et al38

were not able to find a significant reduction in the
morbidity or costs of surgery without CPB; on the ot-
her hand, Ascione et al25 concluded that the costs were
lower. Some researchers report on the potential risk
associated with surgery without CPB: Hangler et al41

found evidence of endothelial damage through local
occlusion of the coronary artery, and Chavanon et al40

observed a greater incidence of aortic dissection in in-
terventions with CPB.

After years of study, the conclusions reached in va-
rious studies have been recapitulated, and the pros and
cons of myocardial revascularization without CPB
have been established. Cooley45 and Mack46 discuss
the advantages and disadvantages of this surgical tech-
nique, which limits our using this surgery extensively
or indiscriminately. We must review the specific indi-
cations for it, which requires further randomized pros-
pective studies, since most comparative studies are fla-
wed in their selection of sample patients. Until further
studies are completed, we cannot advise systematic
myocardial revascularization with CPB in patient wit-
hout compromising the clinical outcome.

CONCLUSIONS

Myocardial revascularization without CPB is a valid
alternative in high-risk surgical patients, as it reduces
overall morbidity, the need for transfusions, and the
length of hospital stay. It does not reduce mortality but
there is not a significant increase in mortality in the
group without CPB, in spite of their greater risk at the
outset.

A limitation of our study is the lack of patient ran-
domization. In each case, the surgeon responsible cho-
se one procedure or the other based on their own per-
sonal criteria, which may result in selection error.
Prospective and randomized studies and long-term fo-

llowup studies are needed to determine if there are dif-
ferences in the need for re-operation, the appearance
of later cardiac events, and above all graft impermea-
bility. Significantly reduced permeability could be a
large price to pay in certain patients, especially those
with low surgical risks. We are on the brink of deter-
mining the relevancy and most ideal indication for sur-
gery without CPB through further studies.

REFERENCES

1. Cartier R, Brann S, Dagenais F, Martineau R, Couturier A.
Systematic off-pump coronary artery revascularization in multi-
vessel disease: experience of three hundred cases. J Thorac
Cardiovasc Surg 2000;119:221-9.

2. Spooner TH, Hart JC, Pym J. A two-year, three institution expe-
rience with the Medtronic Octopus: systematic off-pump surgery.
Ann Thorac Surg 1999;68:1478-81.

3. Arom KV, Flavin TF, Emery RW, Kshettry VR, Janey PA,
Petersen RJ. Safety and efficacy of off-pump coronary artery by-
pass grafting. Ann Thorac Surg 2000;69:704-10.

4. Tokoyama T, Baumgartner FJ, Gheissari A, Capouya ER,
Panagiotides GP, Declusin RJ. Off-pump versus on-pump coro-
nary bypass in high-risk subgroups. Ann Thorac Surg
2000;70:1546-50.

5. Kilo J, Baumer H, Czerny M, Hiesmayr MJ, Ploner M, Wolner E,
et al. Target vessel revascularization without cardiopulmonary
bypass in elderly high-risk patients. Ann Thorac Surg 2001;71:
537-42.

6. Ricci M, Karamanoukian HL, Abraham R, Von Fricken K,
D’Ancona G, Choi S, et al. Stroke in octogenarians undergoing
coronary artery surgery with and without cardiopulmonary by-
pass. Ann Thorac Surg 2000;69:1471-5.

7. Güler M, Kirali K, Toker ME, Bozbuga N, Ömeroglu SN, Akinci
E, et al. Different CABG methods in patients with chronic obs-
tructive pulmonary disease. Ann Thorac Surg 2001;71:152-7.

8. Higgins TL, Estafanous FG, Loop FD, Beck GJ, Blum JM,
Paranandi L. Stratification of morbidity and mortality outcome by
preoperative risk factors in coronary artery bypass patients. J Am
Med Assoc 1992;267:2344-8.

9. Tuman KJ, McCarthy RJ, March RJ, Najafi H, Ivankovich AD.
Morbidity and duration of ICU stay after cardiac surgery. A mo-
del for preoperative risk assessment. Chest 1992;102:36-44.

10. Nashef SAM, Roques F, Michel P, Gauducheau E, Lemeshow S,
Salamon R. European system for cardiac operative risk evalua-
tion (EuroSCORE). Eur J Cardiothorac Surg 1999;16:9-13.

11. Alonso JJ, Azpitarte J, Bardají A, Cabades A, Fernández A,
Palencia M, et al. Guías de práctica clínica de la Sociedad
Española de Cardiología en cirugía coronaria. Rev Esp Cardiol
2000;53: 241-66.

12. Jansen EWL, Borst C, Lahpor JR, Gründeman PF, Eefting FD,
Nierich A, et al. Coronary artery bypass grafting without cardio-
pulmonary bypass using the octopus method: results in the first
one hundred patients. J Thorac Cardiovasc Surg 1998;116:60-7.

13. Tasdemir O, Vural KM, Karagoz H, Bayazit K. Coronary artery
bypass grafting on the beating heart without the use of extracor-
poreal circulation: review of 2,052 cases. J Thorac Cardiovasc
Surg 1998;116:68-73.

14. Benetti FJ, Naselli G, Wood M, Geffner L. Direct myocardial re-
vascularization without extracorporeal circulation: experience in
700 patients. Chest 1991;100:312-6.

15. Buffolo E, Andrade JCS, Branco JNR, Aguiar LF, Teles CA,
Gomes WJ. Coronary artery bypass grafting without cardiopul-
monary bypass. Ann Thorac Surg 1996;61:63-6.

16. Pfister AJ, Zaki MS, García JM, Mispireta LA, Corso PJ, Qazi
AG, et al. Coronary artery bypass without cardiopulmonary by-
pass. Ann Thorac Surg 1992;54:1085-92.

García Fuster R, et al. Off-Pump Coronary Bypass Surgery

103 Rev Esp Cardiol 2002;55(4):383-90 389



17. Nierich AP, Diephuis J, Jansen EWL, Borst C, Knape JTA. Heart
displacement during off-pump CABG: how well is it tolerated?
Ann Thorac Surg 2000;70:466-72.

18. Mathison M, Edgerton JR, Horswell JL, Akin JJ, Mack MJ.
Analysis of hemodynamic changes during beating heart surgical
procedures. Ann Thorac Surg 2000;70:1355-61.

19. Wiklund L, Johansson M, Brandrup-Wognsen G, Bugge M,
Radberg G, Berglin E. Difficulties in the interpretation of coro-
nary angiogram early after coronary artery bypass surgery on the
beating heart. Eur J Cardiothorac Surg 2000;17:46-51.

20. Goldstein JA, Safian RD, Aliabadi D, O’Neill WW, Shannon FL,
Basset J, et al. Intraoperative angiography to assess graft patency
after minimally invasive coronary bypass. Ann Thorac Surg
1998;66:1978-82.

21. Izzat MB, Khaw KS, Atassi W, Yim AP, Wan S, El-Zufari MH.
Routine intraoperative angiography improves the early patency of co-
ronary grafts performed on the beating heart. Chest 1999; 115:987-90.

22. D’Ancona G, Karamanoukian HL, Ricci M, Schmid S, Bergsland
J, Salerno TA. Graft revision after transit time flow measurement
in off-pump coronary artery bypass grafting. Eur J Cardiothorac
Surg 2000;17:287-93.

23. Ömeroglu SN, Kirali K, Güler M, Toker ME, Ipek G, Isik Ö, et
al. Midterm angiographic assessment of coronary artery bypass
grafting without cardiopulmonary bypass. Ann Thorac Surg
2000;70:844-50.

24. Ricci M, Karamanoukian HL, D’Ancona G, Bergsland J, Salerno
TA. Preventing neurologic complications in coronary artery surgery:
the «off-pump, no-touch» technique. Am Heart J 2000;140: 345-7.

25. Ascione R, Lloyd CT, Underwood MJ, Lotto AA, Pitsis AA,
Angelini GD. Economic outcome of off-pump coronary artery
bypass surgery: a prospective randomized study. Ann Thorac
Surg 1999;68:2237-42.

26. Diegeler A, Hirsch R, Schneider F, Schilling LO, Falk V, Rauch
T, et al. Neuro monitoring and neurocognitive outcome in off-
pump versus conventional coronary bypass operation. Ann
Thorac Surg 2000;69:1162-6.

27. Poveda JJ, Calvo M, Llorca J, Bernal JM. Factores pre y periope-
ratorios determinantes de la mortalidad precoz en pacientes ma-
yores de 75 años sometidos a circulación extracorpórea. Rev Esp
Cardiol 2000;53:1365-72.

28. Juffe Stein A. Cirugía coronaria en la tercera edad. Rev Esp
Cardiol 2001;54:677-8.

29. Gabe ED, Favaloro RR, Favaloro MR, Raffaelli HA, Machain AH,
Abud JA, et al. Cirugía coronaria en pacientes ancianos. Resultados
hospitalarios y a largo plazo. Rev Esp Cardiol 2001;54: 709-14.

30. Stamou SC, Pfister AJ, Dangas G, Dullum MKC, Boyce SW, Bafi
AS, et al. Beating heart versus conventional single-vessel reopera-
tive coronary artery bypass. Ann Thorac Surg 2000;69: 1383-7.

31. Stamou SC, Bafi AS, Boyce SW, Pfister AJ, Dullum MKC, Hill
PC, et al. Coronary revascularization of the circumflex system:
different approaches and long-term outcome. Ann Thorac Surg
2000;70:1371-7.

32. Varghese D, Yacoub MH, Trimlett R, Amrani M. Outcome of
non-elective coronary artery bypass grafting without cardio-pul-
monary bypass. Eur J Cardiothorac Surg 2000;19:245-8.

33. Yeatman M, Caputo M, Ascione R, Ciulli F, Angelini GD. Off-
pump coronary artery bypass surgery for critical left main stem
disease: safety, efficacy and outcome. Eur J Cardiothorac Surg
2001;19:239-44.

34. Van Dijk D, Nierich A, Jansen E, Nathoe H, Suyker W, Diephuis
J, et al. Early outcome after off-pump versus on-pump coronary
bypass surgery. Results from a randomized study. Circulation
2001;104:1761-6.

35. Cuenca JJ, Herrera JM, Rodríguez-Delgadillo MA, Paladini G,
Campos V, Rodríguez F, et al. Revascularización miocárdica ar-
terial completa con ambas arterias mamarias sin circulación ex-
tracorpórea. Rev Esp Cardiol 2000;53:632-41.

36. Tector AJ, Amundsen S, Schmahl TM, Kress DC, Downey FX.
Total revascularization with T-graft. Ann Thorac Surg 1994;57:
33-9.

37. Tector AJ, McDonald ML, Kress DC, Downey FX, Schmahl TM.
Purely internal thoracic artery grafts: outcomes. Ann Thorac Surg
2001;72:450-5.

38. Bull DA, Neumayer LA, Stringham JC, Meldrum P, Affleck DG,
Karwande SV. Coronary artery bypass grafting with cardiopul-
monary bypass versus off-pump cardiopulmonary bypass graf-
ting: does eliminating the pump reduce morbidity and cost? Ann
Thorac Surg 2001;71:170-5.

39. Siebert J, Rogowski J, Jagielak D, Anisimowicz L, Lango R,
Narkiewicz M. Atrial fibrillation after coronary artery bypass
grafting without cardiopulmonary bypass. Eur J Cardiothorac
Surg 2000;17:520-3.

40. Chavanon O, Carrier M, Cartier R, Hébert Y, Pellerin M, Pagé P,
et al. Increased incidence of acute ascending aortic dissection
with off-pump aortocoronary bypass surgery? Ann Thorac Surg
2001;71:117-21.

41. Hangler HB, Pfaller K, Antretter H, Dapunt OE, Bonatti JO.
Coronary endothelial injury after local occlusion on the human
beating heart. Ann Thorac Surg 2001;71:122-7.

42. Locker C, Shapira I, Paz Y, Kramer A, Gurevitch J, Matsa M, et
al. Emergency myocardial revascularization for acute myocardial
infarction: survival benefits of avoiding cardiopulmonary bypass.
Eur J Cardiothorac Surg 2000;17:234-8.

43. Sternik L, Moshkovitz Y, Hod H, Mohr R. Comparison of myo-
cardial revascularization without cardiopulmonary bypass to stan-
dard open heart technique in patients with left ventricular dys-
function. Eur J Cardiothorac Surg 1997;11:123-8.

44. Czerny M, Baumer H, Kilo J, Zuckermann A, Grubhofer G,
Chevtchik O, et al. Complete revascularization in coronary artery
bypass grafting with and without cardiopulmonary bypass. Ann
Thorac Surg 2001;71:165-9.

45. Cooley DA. Beating-heart surgery for coronary revascularization:
is it the most important development since the introduction of the
heart-lung machine? Ann Thorac Surg 2000;70;1779-81.

46. Mack MJ. Beating-heart surgery for coronary revascularization:
is it the most important development since the introduction of the
heart-lung machine? Ann Thorac Surg 2000;70;1774-8.

390 Rev Esp Cardiol 2002;55(4):383-90 104

García Fuster R, et al. Off-Pump Coronary Bypass Surgery


