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The first successful operations on the coronary arteries
were done without the assistance of extracorporeal cir-
culation. Many published reports described operations

performed while the heart continued beating (1–8). Advances
in cardiopulmonary bypass (CPB) technology, myocardial pro-
tection, and cardiopulmonary support allowed surgeons to oper-
ate on these arteries with greater precision.

It is widely accepted that the single most important devel-
opment in cardiac surgery was the introduction and refinement
of extracorporeal circulation via CPB. Event-free survival rates
in cardiac surgery dramatically improved with advancements in
myocardial protection that allowed operating in a quiet, motion-
less, and bloodless field.

More recently, advances in 2 competing strategies, coronary
artery bypass grafting (CABG) surgery and catheter-based inter-
vention, have led to many debates regarding the optimal treat-
ment of ischemic coronary artery disease. CABG has resulted in
longer survival, better quality of life, and long-term event-free
survival in patients with multivessel coronary artery disease (9–
11).

But what is old is new again. The option of not using the
pump was the underlying assumption in the development of the
concept of minimally invasive coronary surgery. Reports regard-
ing systemic effects of CPB abound in the literature of the past
17 years. Such effects include hematologic, metabolic, pulmo-
nary, cardiac, and cognitive dysfunctions (12–21).

MINIMALLY INVASIVE CORONARY SURGERY
First out of necessity and then due to the clinical benefits,

Benetti (22, 23) and Buffolo (24) repopularized off-pump coro-
nary revascularization (OPCAB) during the period from 1978 to
1991. They developed the OPCAB technique and used it to
revascularize all arteries of the heart. The key advance that al-
lows for off-pump suturing is the development of stabilization
devices, which greatly enhance the surgeon’s skills.

The standard incision in coronary artery surgery has been the
median sternotomy. Other approaches have been used, includ-
ing the 1) left anterolateral thoracotomy with mammary and
proximal ascending aorta connection, 2) right anterolateral tho-
racotomy with proximal ascending aorta connection and distal
right coronary artery anastomosis, 3) posterolateral thoracotomy
with proximal descending aorta connection, and 4) partial ster-
notomy for the mammary left anterior descending (LAD) artery
anastomosis. Thoracoscopy was used for the first time in 1994
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to dissect the mammary artery without opening the pleural cav-
ity, connecting to the LAD through a small left anterior thorac-
otomy (25–27). This began the minimally invasive era of cardiac
surgery.

A new series of technological developments later came to the
market and made possible the reproduction of this technique on
a larger scale (28–31). The minimally invasive direct coronary
artery bypass (MIDCAB) was proven in a prospective multicenter
study that yielded the same quality and patency rate in patients
who underwent mammary-to-LAD connection with stabilization
devices with and without pump anastomosis (32). Today, coro-
nary surgery on the beating heart (OPCAB-MIDCAB) is per-
formed daily all over the world. Long series of patients confirm
the initial experience showing the advantages of this procedure.

INDICATIONS
The coronary arteries are on the surface of the heart. This

location enables easy access for performing complete revascu-
larization with the assistance of stabilization and exposure de-
vices. The majority of patients requiring CABG, therefore, can
benefit from beating-heart procedures. However, the learning
curve in OPCAB must be considered since beating-heart coro-
nary surgery is a completely different operation, one that requires
a completely different mindset than traditional on-pump coro-
nary surgery. Beating-heart coronary surgery requires a true team
approach. Both the surgeon and the anesthesiologist must work
in concert to attain a smooth, safe, and efficient operation.

The ideal patient for beating-heart coronary surgery has the
following characteristics:
1. >1.5-mm distal vessel diameter
2. Good ventricular function
3. Hemodynamic stability
4. Anterior wall anastomosis, i.e., LAD artery or the diagonal

artery
5. <6.5-cm distance between the posterior table of the sternum

fully exposed by the mammary retractor and the pericardium
over the LAD area
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More difficult cases can be attempted initially if an experi-
enced off-pump surgeon is assisting. The patients to avoid early
in the learning curve are those with the following characteris-
tics:
1. Hemodynamic instability
2. Involvement of the intramyocardial vessels
3. Vessels <1.5 mm
4. Cardiomegaly, a cardiothoracic ratio >0.7 (when attempting

posterolateral wall grafting)
5. Those requiring grafting of the large proximal right coronary

arteries before the posterior descending arteries
After completing 50 cases successfully—which is defined as

>90% patency based on intraoperative flow measurements in
vessels with a distal runoff of >1.5 mm and a conduit-to-distal
artery ratio of <5—the indications can be expanded to all pa-
tients except those who are brought to the operating room in
cardiac arrest and need the pump.

OPERATIVE STEPS
Before proceeding with beating-heart coronary surgery, a

number of concerns must be addressed in the mind of the sur-
geon:
• Do not touch the heart unless absolutely necessary.
• Think before acting.
• Keep the heart warm.
• Be ready to sew immediately once setup is complete.
• Wait to stabilize the patient before acting.
• Study the anatomy before acting.
• Work as a team with the anesthesiologist.
• Elongate the ventricle before moving the heart.
• Do not dissect the arteries too much.
• Use the blower/mister only when necessary.
• Apply correct tension for occlusion.
• Do not force the shunt.
• Apply adequate pressure for stabilization.
• Be careful with the right coronary artery.
• Do not position the heart in awkward positions for a long

time.
• If you do the distal anastomosis first, try not to inject any-

thing down the graft.
• Be careful when placing and removing the stabilizer.
• Do not move the stabilizer once positioned.

PROCEDURE
A sternotomy is performed. All conduits are harvested as for

traditional CABG. The left internal mammary artery should be
made as long as possible to help avoid excessive tension when
the heart is elevated after the LAD graft is completed.

Heparin (3 mg/kg, the same dose used for CPB) is adminis-
tered. The target activated coagulation time is >400 seconds. The
heart must be kept warm by irrigating it with warm sterile saline
solution.

After completing dissection of the mammary artery and pre-
paring the conduits, the pericardium is opened by using a “hockey
stick” incision. This entails an incision from the left of the main
pulmonary artery down to the apex of the left ventricle to the
junction between the right pleural space and the diaphragmatic
pericardium. Another incision is made to complete the reflec-

tion of the pericardium from the pulmonary artery to the aorta.
Pericardial stitches are placed backhand 1 to 2 cm from the left
border of the pericardium for positioning of the LAD anastomo-
sis. The heart is then repositioned with the surgeon’s hand, and
an exposure device is placed at the apex of the heart. This step
marks the first time the heart is actually touched during the op-
eration. Additional pericardial sutures may be placed for posi-
tioning as needed for exposure to allow completion of the other
anastomosis by using stabilizers.

The left internal mammary artery–to–LAD graft is performed
first. The posterolateral wall and the right side of the heart can
be revascularized in any order according to the patient’s anatomy.
Proximal anastomosis of the conduit should be performed first
when possible. This enables immediate blood flow to the coro-
nary arteries. However, this requirement is not absolute when
performing OPCAB.

Measurement of blood flow through the conduit is recom-
mended after each anastomosis is completed. Flow must be mea-
sured again when protamine has been given to reverse the
heparin. Drainage catheters are placed, and the chest incision
is closed in the standard fashion.

CONCLUSION
OPCAB has been established as a safe and effective proce-

dure. It involves a totally different mindset for the surgeon than
CABG with CPB. Indications for OPCAB depend on the expe-
rience and comfort level of the surgeon. Currently, a multitude
of devices are available for both exposure and stabilization to
allow efficient performance of this operation. Therefore, most
patients should be considered candidates for OPCAB.
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