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Background. Off-pump coronary artery bypass is com-
only performed through a full median sternotomy;

owever, the tendency to reduce surgical trauma has
timulated cardiac surgeons to use less invasive tech-
iques for single-vessel disease. The use of thoracotomy
or reoperative and valvular surgery has also been re-
orted, but its application in primary revascularization is
till uncommon. We report here a series of consecutive
atients who underwent complete myocardial revascu-

arization on the beating heart through anterolateral
horacotomy–coronary artery bypass (ALT-CAB).

Methods. From November 2002 to July 2005, 255 pa-
ients (75.7% male, median age 57.9 � 10.1 years) under-

ent complete revascularization using the ALT-CAB
pproach. Eighty-two patients (32.2%) had low ejection
raction, 145 (56.9%) previous myocardial infarct, and 215
84.3%) multivessel disease. The mean EuroSCORE (Eu-
opean System for Cardiac Operative Risk Evaluation)
as 3.8 and the Parsonnet score was 7.8.
Results. Complete revascularization was achieved in

ll patients (mean number of grafts 3.3 � 1.0). There were

o conversions to cardiopulmonary bypass, and 3 pa-
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ients died (1.2%). Two hundred thirty-seven patients
93.3%) were extubated in the operating room, and 164
atients (65.1%) were discharged home within 48 hours
fter surgery. Two patients (0.8%) experienced a stroke
nd 5 (2%) needed reexploration for bleeding. There was
perioperative myocardial infarction (0.4%), and 14 pa-

ients (5.5%) experienced postoperative atrial fibrillation.
ive patients (2%) required treatment as an outpatient for
uperficial wound infection, 11 (4.4%) for left pleural
ffusion, and 11 (4.4%) for transient phrenic nerve palsy,
hich resolved spontaneously. Follow-up (median, 14.6
9.7 months) survival was 97.6%. One patient (0.4%),

xperienced a new myocardial infarction, 9 (3.6%) re-
uired new coronary angiography for recurrent of an-
ina, and 3 of these (1.2% ) underwent angioplasty.
Conclusions. Complete revascularization on the beat-

ng heart through an anterolateral thoracotomy is safe
nd feasible in the majority of patients requiring coro-
ary artery surgery.

(Ann Thorac Surg 2006;81:2142–6)

© 2006 by The Society of Thoracic Surgeons
oronary artery bypass graft surgery (CABG) has
been conducted for more than 30 years using car-

iopulmonary bypass (CPB). In an attempt to reduce the
ell-known deleterious effects of CPB, off-pump coro-
ary bypass graft (OPCABG) surgery has been proposed

1–3]. Several retrospective as well as prospective ran-
omized studies have reported reduced morbidity when
ompared with conventional coronary surgery with CPB
3–6]. The advantage of the OPCABG in high-risk pa-
ients has also been demonstrated [1, 6]. To avoid some of
he morbidity attributed to the use of sternotomy, which
an be complicated by sternal dehiscence, mediastinitis,
nd prolonged recovery [1, 7, 8], several studies have
een reported with good results, using anterior or pos-

erolateral thoracotomy for single vessels, redo surgery,
nd more recently for complete revascularization [9–11].
We present here our experience with a consecutive

nselected series of 255 patients who underwent coro-

ccepted for publication Jan 11, 2006.
ary revascularization through an anterolateral thoracot-
my CABG approach (ALT-CAB).

atients and Methods

rom November 2002 to July 2005, 255 consecutive patients
nderwent myocardial revascularization through an ALT-
AB approach. They represent 100% of the patients oper-
ted on during this time-frame. Approval was granted from
he Institutional Review Board for “new surgical proce-
ure” and for the study reported here. Consent for the
peration was obtained from every patient but not for the
tudy, as this was waived by the Institutional Review Board.

perative Technique
fter general anesthesia and selective ventilation of the

ight lung, the patient was positioned with the left side
levated to approximately 45 degrees. An anterolateral
horacotomy was carried out and the chest entered
hrough the fourth or fifth intercostal space. The left
nternal thoracic artery (LITA) was harvested under di-
ect vision in a skeletonized fashion using a Finocchietto
etractor starting from the lower space of the incision

ntil the origin of the first intercostal branch. In 15 cases,

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2006.01.054
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he right internal thoracic artery (RITA) was harvested
fter the pericardial fat and the thymus were carefully
emoved (Fig 1). The left lung was deflated in most
atients. In a few patients in whom it was not possible to
stablish selective ventilation or who could not tolerate
ingle lung ventilation, the left lung was gentle com-
ressed with the use of a laparotomy sponge.
Systemic heparin, 2 mg/kg body weight, was given to
aintain an activated clotting time more than 350 sec-

nds. The LITA, and when used, the RITA were
ransected distally and a warm papaverine solution ad-

inistered topically. The pericardium was then incised
rom the pulmonary artery toward the ascending aorta,
nd then toward the right atrial appendage. Traction
utures were positioned on the pericardium to rotate the
scending aorta to the left side. The tissue between the
orta and the pulmonary artery was dissected, and three
r four further traction sutures were placed on the
ulmonary adventitia to expose the lateral wall of the
orta. When proximal graft anastomosis were required
ie, saphenous vein or radial artery), these were per-
ormed first using a side-bite clamp in a conventional
ashion (Fig 2).

In the event of a calcified aorta, the proximal anasto-
osis was performed on the descending aorta or the

ubclavian artery. In 8 cases (3.1%), at the beginning of
ur series, the Symmetry Aortic connector (St. Jude
edical Anastomosis Technology Group Inc, Minneap-

lis, MN) was used for proximal graft anastomosis on the
orta. In 31 patients, a composite graft was performed. To
xtend the pericardial incision as posterior as possible,
he phrenic nerve was carefully dissected from the peri-
ardium. The pericardium was then retracted with stay
utures to facilitate exposure of the posterior and lateral

ig 1. Left anterolateral thoracotomy. The right and left mammaries
ave been harvested. The pericardium is still intact. (LITA � left

nternal thoracic artery; RITA � right internal thoracic artery.)
all vessels of the heart. The distal anastomosis was d
erformed on the beating heart using a pressure stabi-
izer and intracoronary shunt whenever possible. The
equence of the coronary artery anastomosis was left
nterior descending first, followed by diagonal, obtuse
arginal branch of circumflex, and right coronary or

osterior descending last. For grafting of the left anterior
escending and diagonal, no additional mobilization of

he heart was required, only the table was rotated toward
he right side to facilitate displacement of the heart and
isualization of the vessels. For grafting the circumflex

ig 3. Grafting of the posterior descending coronary artery using an
pical suction device and a pressure stabilizer. (PDA � posterior

ig 2. A side-bite exclusion clamp (arrow) has been applied to the
orta to perform the proximal vein graft anastomosis.
escending artery.)
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nd right coronary territory, the heart was lifted out of
he pericardium using an apical suction device (Fig 3). At
he end of the surgery, protamine was administered to
chieve full heparin reversal.
To minimize postoperative incision pain, a bupivacaine

olution (10/10 cc) was injected on the upper and lower
ide of the selected space.

At the beginning of our experience, an epidural cath-
ter was inserted at the T5-T6 level. In the last 145 cases,

small catheter was placed through the incision and
ositioned in the intercostal space, to administer inter-
ittent bupivacaine boluses for the first 36 hours; after

hat, pain control was achieved with nonsteroidal anti-
nflammatory drugs (ibuprofen 400 mg every 8 hours or
aracetemol 1 g every 6 hours). The majority of patients
ere extubated on the table and then transferred to the

ntensive care unit, where they were managed according
o postoperative protocol.

On day 1 postoperative, patients were transferred to
he ward under continuous cardiac telemetria monitor-
ng. Patients and their families were trained by a member
f the team how to perform respiratory exercises, how to
anage the wounds, and were encouraged to mobilize

nd start walking as soon as possible.
We aimed to discharge patients on the second postop-

rative day if the routine blood tests and chest roentgen-
gram were normal. Once discharged home, patients
ere given a contact telephone number for one of the

eam member in case they experienced postoperatively
ny symptoms and complications.
Patients were then followed up with regular outpatient

ppointments at 1, 2, 4, 6, and 8 weeks postoperatively, at
hich time they were assessed by a member of the team

surgeon or cardiologist). Routine laboratory test, chest
oentgenogram, and echocardiogram were also per-
ormed during the outpatient visit. Three months after
he surgery, an exercise test was performed. Thereafter,
atients were followed up in the outpatient clinic every 6
onths.

esults

wo hundred and fifty-five patients underwent myocar-
ial revascularization through an ALT-CAB during the
tudy period. Patient characteristics are presented in
able 1. One hundred ninety-three patients were male

75.7%), and mean age was 57.9 years (range, 44 to 84).
ixty-five patients (25.5%) were older than 70 years.
ean ejection fraction was 49% � 14%. Two hundred

nd fifteen patients (84.3%) had triple-vessel disease, 19
7.5%) double-vessel disease, and 21 (8.2%) single-vessel
isease. A history of previous myocardial infarction was
resent in 145 patients (56.9%); 40 patients (15.8%) had
revious revascularization, 30 (11.8%) angioplasty and 10

4%) surgical.
Complete revascularization was achieved in all pa-

ients. The average number of grafts was 3.3 � 1.0. There
as no conversion to on-pump or median sternotomy.
hree patients died (1.2%), 1 of sudden ventricular fibril-
ation a few hours after the surgery and the other 2 of s
eptic shock. Perioperative and postoperative data are
resented in Table 2.
The length of intensive care unit stay was less than 24

ours for 231 patients (90%); 164 (65.1%) were discharged
ome within 48 hours postoperatively. Follow-up data
re presented in Table 3. There were 6 late deaths (2.4%),

from cardiac causes. Nine patients required a new
oronary angiography for recurrent angina, and 3 under-
ent percutaneous transluminal coronary angiography

o the native coronary vessels for occlusion of venous
rafts.

omment

oronary artery bypass grafting with cardiopulmonary
ypass is a well-established and effective method of
yocardial revascularization [1, 2]. However, despite

dvances in perfusion, anesthesia, and surgical tech-
iques, CPB is still associated with a systemic inflamma-

ory response that may lead to postoperative morbidity,

able 1. Patient Characteristics

ariables Patients (n � 255)

ge (years) 57.9 � 10.2
ex Male: 193 (75.7%)

Female: 62 (24.3%)
F
Good � 50% 173 (67.8%)
Mild 30%–50% 68 (26.7%)
Poor � 30% 14 (5.5%)
ypertension 240 (94.1%)
iabetes mellitus 101 (39.6%)
enal failure (creatinine
� 200 mmol/L)

29 (11.4%)

OPD 33 (13%)
revious MI 145 (56.9%)
revious stroke 5 (2%)
YHA Class I: 40 (16.1%) II: 147 (57.3%)

III: 53 (20.8%) IV: 15 (5.8%)
revious PTCA 30 (11.8%)
eripheral vascular
disease

34 (13.3%)

oronary artery disease
One vessel 21 (8.2%)
Two vessels 19 (7.5%)
Three vessels 215 (84.3%)

eft main stem disease 42 (16.5%)
edo 10 (4%)
uroSCORE 3.8 � 3.8 (range, 0–17)
arsonnet score 7.8 � 6.5 (range, 0–34)

ata are presented as number of observations or mean � SD and
ercentage in parentheses. Original EuroSCORE and Parsonnet.

OPD � chronic obstructive pulmonary disease; EF � ejection frac-
ion; EuroSCORE � European System for Cardiac Operative Risk
valuation; MI � myocardial infarction; NYHA � New York
eart Association; PTCA � percutaneous transluminal coronary

ngiography.
uch as bleeding, fluid retention, arrhythmias, and tem-
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orary organ dysfunction [1–3]. Coronary revasculariza-
ion on the beating heart was first proposed by Benetti
nd colleagues [11] and Buffolo and coworkers [12] for its
otential benefits of maintaining the function of major
rgans. In 1996, there was a revival of interest in off-
ump through various means of minimal incisions, like

eft anterior small thoracotomy and inferior median ster-
otomy [9–14]. Those techniques were only applicable in

he majority of cases to single-vessel revascularization. It
as soon realized that the natural evolution of the

echnique to achieve complete coronary revasculariza-
ion was by performing grafts on the beating heart
hrough a median sternotomy.

Several retrospective as well as prospective random-
zed studies have provided evidence for reduced morbid-
ty associated with off-pump surgery when compared

able 2. Perioperative and Postoperative Data

ariables Patients (n � 255)

otal number of grafts 720 (mean 3.3 � 1.0 per patient)
oronary target vessels RCA 8

PDA 119
OM 169
LAD 424

rafts LIMA 244
RIMA 15
SV 232

omposite grafts LIMA/Radial as Y: 24 (9.4%)
LIMA/SV as Y: 4 (1.6%)
RIMA/LIMA as Y: 3 (1.2%)

ostoperative blood loss
(mL)

593 � 273.8

eexploration for
bleeding

5 (2%)

xtubated in operating
theater

237 (93.3%)

erioperative myocardial
infarction

1 (0.4%)

ostoperative atrial
fibrillation

14 (5.5%)

ostoperative stroke 2 (0.8%)
ortality 3 (1.2%)

ength of ICU stay
(hours)
�24 231 (90.0%)
�48 19 (7.5%)
�72 4 (1.6%)
ischarge home
postoperative day
1 5 (2%)
2 159 (63.1%)
�3 89 (34.9%)

ata are presented as number of observations or mean � SD and
ercentage in parentheses.

CU � intensive care unit; LAD � left anterior descending artery;
IMA � left internal mammary artery; OM � obtuse marginal;
DA � posterior descending artery; RCA � right coronary artery;
IMA � right internal mammary artery; SV � saphenous vein.
ith conventional on-pump CPB [2–6]. In particular, P
here is evidence of reduction of chest infection, inotropic
equirement, incidence of arrhytmias, blood loss and
onsequent requirement for blood transfusion, intuba-
ion, and intensive care unit and hospital length of stay.
t midterm follow-up, there have been no differences

eported in mortality, cardiac-related events, or need for
urther coronary intervention between patients under-
ent on-pump or off-pump surgery [3, 14]. The left

nterolateral thoracotomy approach (ALT-CAB) was cho-
en by us because potentially it offered all of the benefits
f off-pump coronary revascularization, while at the
ame time avoiding the morbidity associated with me-
ian sternotomy. The results of our consecutive series of
atients are encouraging. It is possible to perform com-
lete revascularization in the majority of patients. The
obilization of both left and right mammaries is reason-

bly easy through the thoracotomy incision, and expo-
ure and stabilization of the circumflex and posterior
escending artery territory are easily achieved with min-

mal heart manipulation.
The majority of our patients were extubated in the

perating theater, and postoperative incisional pain ap-
eared to be reduced by the use of local anesthetics into

he intercostal space, as well as more recently by the use
f a catheter positioned in the wound itself, which
llowed intermittent administration of boluses of bupiv-
caine. The incidence of atrial fibrillation was extremely
ow (5.5%)—a possible explanation for this is the en-
anced exposure through the left thoracotomy, which
educes the need for manipulation of the heart.

We were also able to achieve a relatively early dis-
harge from hospital, 65.1% of patients within 48 hours
ostoperatively. In spite of our early discharge policy,
nly a few patients required further treatment, in most
ases as outpatients, either for superficial wound infec-
ion or presence of left pleural effusion. A small number
f patients (4.4%) had transitory phrenic nerve paresia,

able 3. Follow-Up Dataa

ariables Patients (n � 255)

ound infection Superficial: 5 (2%)
Deep: none

leural effusion 11 (4.4%)
ransitory phrenic nerve
paralysis

11 (4.4%)

ate mortality Cardiac cause: 2 (0.7%)
Noncardiac cause: 4 (1.6%)

Total: 6 (2.4%)
ate myocardial
infarction

1 (0.4%)

oronary angiography 9 (3.6%)
TCA 3 (1.2%) PTCA
ecurrence of angina 9 (3.6%)

Follow-up (months): 14.6 � 9.7.

ata are presented as number of observations or mean � SD and
ercentage in parentheses.
TCA � percutaneous transluminal coronary angiography.
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ost likely related to the dissection of the phrenic nerve
rom the pericardium, which we at times perform to
nhance exposure. The incidence of cardiac-related
vents was also very low, even taking into account our
elative short follow-up.

In conclusion, coronary revascularization on the beat-
ng heart through anterolateral thoracotomy is an effec-
ive and safe alternative to the median sternotomy.

e wish to thank Professor Gianni D. Angelini, Bristol Heart
nstitute, Bristol, United Kingdom, for helping in revising the

anuscript.
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