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Introduction 

Research suggests off-pump coronary artery bypass (OPCAB) surgery is associated with improved 

outcomes when compared to on-pump coronary artery bypass. Large population studies have shown 

OPCAB reduces patient morbidity and mortality, decreases the incidence of acute renal failure, reduces 

transfusions, improves post-surgery neurological outcomes, decreases postoperative stroke risk, and 

shortens recovery times when compared with on-pump surgery.
1-9

 

When adopting off-pump surgery, surgeons and anesthesiologists are commonly concerned with 

managing patient pressures and preventing hemodynamic instability. During conventional coronary 

bypass surgery, which uses cardiopulmonary bypass and cardioplegic arrest, the heart-lung machine 

provides hemodynamic support for the patient and surgeons can manipulate the heart as needed 

without regard for impacting the hemodynamic stability of the patient. But during OPCAB, the cardiac 

surgery team must adopt new techniques to handle a beating heart and the variations in hemodynamics 

that can occur when performing this type of procedure. 

Thanks to advances in surgical and anesthetic techniques and the rapid development of stabilizers, 

apical suction devices and other technologies, clinicians can use a variety of strategies to prevent and 

manage hemodynamic instability during OPCAB. Today, OPCAB is a standard procedure in many medical 

facilities. Experienced cardiac centers, such as The Lankenau Medical Center (LMC) (Philadelphia, PA), 

have improved outcomes by having: 

 a dedicated, multidisciplinary heart team; 

 standardized protocols for preoperative, intraoperative, and postoperative care; and 

 a continuous quality improvement program that provides ongoing evaluation and refinement of 

the entire patient care process.
10

 

Of the almost 300 coronary artery bypass surgeries performed every year at LMC, cardiac surgeons 

perform 98% off pump, and less than 0.5% of these procedures require conversion to on-pump bypass. 

Moreover, those procedures that did require conversions resulted in positive outcomes and zero 

mortality in all patients.  

Since adopting OPCAB in 2000, the LMC cardiac surgery team has used a variety of strategies for 

maintaining hemodynamic stability during OPCAB. This paper describes these strategies, and offers 

surgical and anesthetic considerations for clinicians interested in adopting off-pump coronary artery 

bypass.  
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Pre-Procedure Planning 

Pre-procedure planning is critical in maintaining hemodynamic stability during OPCAB. A successful 

OPCAB procedure starts with teamwork, commitment and communication. The cardiac surgery team 

must approach OPCAB with a completely different mindset than on-pump procedures. It is 

essential to educate every member of the team, including the surgeon, anesthesiologist, surgical 

assistant, nurse and perfusionist, in OPCAB protocols and the difference between conventional CABG 

and OPCAB. 

Before the procedure, the cardiac surgery team must also plan 

what to do in the event of an emergency, and be prepared to 

go on cardiopulmonary bypass, if needed. LMC’s philosophy is 

that conversions to on-pump bypass are a matter of safety and 

should not be viewed as a failure when performing OPCAB. 

The anesthetic management of the patient’s hemodynamics during OPCAB is often more challenging 

than during conventional on-pump CABG. It requires a dedicated anesthesiologist who is vigilant in 

anticipating surgical interventions, skilled in hemodynamic management, and willing to communicate 

closely and continuously with the cardiothoracic surgeon. 

During the procedure, the surgeon should plan to communicate to the anesthesiologist prior to 

displacing the heart, occluding a coronary artery, when inserting or removing a shunt, and especially 

when reperfusing the heart. 

Likewise, the anesthesiologist should plan to inform the surgeon when administering vasopressors or 

inotropes, if there are ST segment or rhythm disturbances, if the heart rate becomes suddenly or 

severely bradycardic, and if the blood pressure is not responding to pharmacologic interventions. 

Hemodynamic instability can usually be prevented or easily managed by anticipating and 

communicating about issues that can impact the heart’s ability to fill and pump. The following 

considerations should be reviewed before starting off-pump surgery: 

 The individual patient’s coronary anatomy, the extent of cardiac ischemia, and how those 

factors could impact hemodynamics during cardiac manipulation. 

 Sequencing of coronary revascularization. In general, surgeons choose a grafting strategy with 

the goal of improving blood flow and myocardial oxygenation during subsequent anastomoses 

and cardiac displacement. 

 Patient history and preoperative blood pressure. The surgeon and anesthesiologist should 

jointly decide what blood pressure parameters will be adequate for the patient during OPCAB. 

For example, a patient with chronic high blood pressure would probably require a higher 

intraoperative blood pressure, while a patient with lower preoperative blood pressure would 

likely tolerate lower pressures during the procedure. 

Beating Heart Tip: 

The cardiac surgery team must 

approach OPCAB with a completely 

different mindset than on-pump 

procedures.  
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Temperature Management 

Maintaining normothermia is extremely important in optimizing patient outcomes and hemodynamic 
stability during OPCAB. Preoperative hypothermia can increase the risk of myocardial infarction, wound 
infection, blood loss, extended anesthesia care, and prolonged recovery and hospitalization.11-14 
 
Preventing unintentional hypothermia should begin well before the patient comes to the perioperative 

area. To preserve body temperature and maintain normothermia throughout the perioperative process, 

clinicians should utilize the following passive and active warming techniques: 

 The patient should arrive in the OR holding area wearing blankets and a hypothermia prevention 

cap. Ideally, the patient’s temperature should be 37°C when arriving for surgery. 

 In the OR holding area, place a warming device (e.g., Arizant Bair Hugger™ blanket) on the 

patient to help maintain the patient’s temperature. When prepping the patient, the staff should 

be cognizant of keeping the patient covered as much as possible, and should only uncover and 

prep a small section of the body at a time. 

 Preheat the OR to 72°F before set-up begins. Once the patient is in the OR, be sure to cover the 

patient while the anesthesiologist places the lines. 

 Before starting the procedure, apply a Cath Lab blanket (e.g., Arizant Bair Hugger blanket) 

around the patient’s head and sides. This surrounds the patient with warm air and provides 

unrestricted access to the chest and legs. The room temperature can then be cooled to a 

comfortable level for the surgical team. 

 Intraoperatively, the surgical team should use warmed irrigants, warmed IV fluids and a blood 

warmer. The anesthesiologist should also warm and humidify ventilator gases using an airway 

heat/moisture exchanger. 

 

 

 

 

 

 

 

Bair Hugger is a trademark of 3M. 
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Procedural Considerations 

During OPCAB, the surgeon must continuously look at the heart to see how it is working and be 

cognizant of its physiology and functions. Sometimes picking up the heart can restrict blood flow in the 

coronary arteries or cause mitral valve dysfunction. The surgeon can make a huge impact on the 

hemodynamics of a patient with even a tiny adjustment in how the heart is positioned, where the 

devices are placed, or how far the chest cavity is opened. 

When choosing an anesthetic technique, the anesthesiologist must provide hemodynamic stability, 

maintain normothermia and consider rapid emergence and early extubation of the patient in the 

operating room. Fast track anesthesia with early extubation is currently the most commonly employed 

practice for OPCAB surgery, and research suggests it is safe, cost effective and has many potential 

benefits. Studies show no evidence of increased cardiopulmonary morbidity or mortality associated  

with fast track anesthesia and early extubation. Benefits of early extubation include improved post-

operative hemodynamic performance, earlier patient mobilization, reduced risk of ventilator-associated 

pneumonia, reduced ventilator-related costs, shorter ICU time, and decreased hospital length of  

stay.15-22 At LMC, early extubation and early patient mobilization play an important role in obtaining 

good patient outcomes after OPCAB. In the last 10 years, approximately 78% of LMC’s OPCAB patients 

have been extubated in the operating room.  

It is vitally important that the anesthesiologist continually observes and treats the hemodynamic and 

rhythm responses that can occur from cardiac manipulation and regional ischemia during OPCAB. Before 

the surgeon manipulates the heart, the anesthesiologist 

should achieve the optimal heart rate and blood pressure 

for each anastomosis. Many times, the anesthesiologist 

can achieve hemodynamic goals through fluid 

management and the use of table positioning. For 

example, using Trendelenberg will fill the heart maximally 

and increase blood pressure. Or rolling the table to the 

right allows gravity to pull the heart over and provides 

access to the back wall when the surgeon works on the 

diagonal and circumflex vessels. When necessary, the anesthesiologist should use small boluses of 

neosynephrine or levophed to support blood pressure and cardiac output, but should make every effort 

to avoid significant inotropic or vasopressor support. 

Beating Heart Tip: 

Prior to heart manipulation and 

positioning, elevate the blood 

pressure at least 20% above baseline 

using IV vasopressor bolus and use 

Trendelenberg positioning as needed. 
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Coronary Artery Exposure 

During OPCAB, the surgeon needs good coronary artery exposure and must be able to position the heart 

without compressing, or limiting its natural ability to pump. Prior to positioning the heart, first assess 

anatomic structures in the chest cavity, including the sternum, pleura and pericardial edge, which can 

compress the heart and lead to decreased cardiac output and hemodynamic instability during OPCAB. 

Figure 1: Take Down Pericardial Stay Sutures to Assess Chest Cavity 

 

 Take down the pericardial stay sutures from the retractor on the right side (see Figure 1.) This 

allows the heart to easily lie into the right chest or against the right pleura. Because positioning 

the heart usually involves lifting and pulling it up to the right, surgeons must be cognizant of the 

sternum and the pericardial stay sutures, as these can limit exposure and place pressure on the 

heart. Make sure the sutures are totally loose, which is easily done using a small hemostat to 

hold them. The surgeon can leave the sutures up on the left side. 

 Assess room in the chest cavity. Palpate to determine if there are any restrictions on the right 

side from the sternum, pericardium or pleural edge when the heart is pulled up and over to the 

right to access the lateral branches. 

 If the sternum, pericardium or pleura restricts pulling over the heart, it might be necessary to 

cut down the pericardium at the right diaphragmatic edge, almost to the phrenic nerve, or to 

open the pleural cavity. How far the pericardium needs to be opened depends on how it feels 

during palpation. 

 Likewise, make sure not to place sponges, or pericardial sutures behind the heart, as these could 

potentially compress the left ventricle and limit the heart’s ability to fill and pump. If there are 

no restrictions on the heart, proceed with the anastomoses. 
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Sequence of Grafting 

The sequence of coronary artery grafting also plays a key role in maintaining hemodynamic stability 

during OPCAB. In general, the grafting sequence is based on the patient’s coronary artery disease 

pattern, and surgeons chose a grafting strategy with the goal of improving blood flow, myocardial 

oxygenation and overall cardiac performance during subsequent anastomoses and cardiac 

displacement. 

Mentally review the degree of coronary ischemia prior to performing each anastomosis. In general, 

surgeons first graft the left internal mammary artery (LIMA) to the left anterior descending (LAD) artery 

in an effort to restore blood flow to the largest coronary distribution of the heart and because it 

requires the least manipulation of the heart. The LIMA to the LAD is the most important graft to start 

with as it is the easiest to position. If severe ischemia is a concern, consider performing the LIMA to the 

LAD in situ without the positioner, and open the chest widely to achieve exposure or insert an aortic 

cannula and be prepared to go on pump, if necessary. 

Surgeons at LMC use the XPOSE™ Access Device to position and graft coronary arteries in the following 

sequence:  

 LIMA to LAD  

 Diagonals  

 Posterior Descending Artery (PDA) 

 Right Coronary Artery 

 Proximals 

 Circumflex/Ramus 
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Ischemic Preconditioning 

Another way to prevent hemodynamic instability is through ischemic preconditioning. Preceding bypass, 

the surgeon can precondition the beating heart by creating brief, nonlethal periods of ischemia to the 

myocardium using silastic tourniquet, or by picking up the heart with the XPOSE Access Device. This 

conditions the heart to better tolerate a subsequent prolonged episode of ischemia during coronary 

artery bypass and decreases the possibility of hemodynamic impairment due to myocardial ischemia. In 

order to precondition the heart during OPCAB, surgeons should take the following steps: 

 Pick-up the heart using the positioner.  

 Elongate it in line with the arteries to be bypassed, and then pull it up as necessary. Be cognizant 

of not bending or folding the heart in any way. Keep it straight in the direction of the target 

arteries.  

 Monitor the heart rate, EKG, and hemodynamics during this period. 

 If the heart does not hemodynamically tolerate this position, put the heart down for a while and 

let it rest.  

 Allow the heart to rest until the hemodynamics and EKG are restored, then pull it up again into a 

similar position. Modifying the position slightly can make a big difference in the hemodynamics. 

After pre-positioning, the heart should hemodynamically adjust to the decreased flow in 

subsequent attempts to position the heart and should better tolerate more prolonged episodes 

of ischemia. 

 Complete the anastomosis. 

Surgeons can also use coronary shunts to maintain blood flow during anastomoses and minimize 

hemodynamic instability from myocardial ischemia. If there is ischemia or low blood pressure during an 

anastomosis, a shunt allows the surgeon to safely put the heart back in the pericardium and reperfuse 

the patient with little blood loss through the arteriotomy.  
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Positioning the Heart 

For optimal hemodynamics, a good rule of thumb for positioning the heart is to make sure it is pulled 

out of the pericardium to expose the LAD, and is elongated and in line with the LAD. This maintains the 

long axis dimension of the ventricles and maximizes the heart’s ability to maintain stroke volume. This is 

most easily accomplished using a vacuum positioner placed on the apex of the heart. 

The exact placement of the positioner vacuum cone depends on the target artery and the exposure 

required to reach that artery. However, the surgeon may have to make several adjustments in 

positioner placement to determine the ideal location. Even a small adjustment in how the heart is 

positioned can have a large impact on the hemodynamics of a 

patient. 

Where the stabilizer and positioner are placed and how far the 

chest cavity is opened are often overlooked factors in maintaining 

hemodynamic stability. Using a positioner even for the LIMA-to-

LAD anastomosis or tilting the operating table to the right can 

bring the heart out of the chest without the need for pads or 

sponges underneath the heart, which can compress the left 

ventricle and compromise filling. 

Surgeons should also be cognizant of not bending or folding the heart in any way. The exception to this 

rule is for anastomoses of the right coronary artery and circumflex/ramus arteries, which require 

elevation and slight bending in order to access the target vessels. 

Hemodynamic goals during OPCAB can vary by patient, the type of anastomosis and the degree to which 

the surgeon must bend the heart in order to reach the target vessels. Figure 2 shows general 

hemodynamic goals before and after positioning the heart for the posterior descending artery 

anastomosis. Figure 3 shows positioner placement and general positioning guidelines by type of 

anastomosis during beating heart surgery. 

Figure 2: Hemodynamic Goals: Pre- and Post-Positioning of the Heart  

for Posterior Descending Artery Anastomosis 

 

Beating Heart Tip: 

Blood Pressure Goal Proximal Anastomosis: 

- SBP 80-100 mmHg and/or mean arterial 

pressure 60-70 mmHg 

- Reverse Trendelenberg and small IV 

vasodilator bolus (e.g. nitroglycerin  

40 mcg) as needed can be sufficient 

Pre-PDA Positioning Post-PDA Positioning 
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Figure 3: Positioner Placement and General Positioning Guidelines for OPCAB, by Type of Anastomosis 

 

 

 

LIMA to LAD 

Diagonal 

PDA 
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Lateral/Posterior Portion of the Heart 

Although displacing the heart to expose the 

circumflex marginal arteries can be one of the most 

challenging aspects of OPCAB, surgeons can 

successfully bypass these vessels and maintain 

hemodynamic stability by using enabling devices 

such as the XPOSE Access Device and ACROBAT V 

Stabilizer. These devices allow surgeons to securely 

lift and easily position the heart while providing 

better access and control for hard-to reach target 

vessels. 

To perform bypass on the circumflex marginal 

arteries, rotate the OR table to the right as far as 

safely possible to provide access to the back wall 

using gravity to pull the heart over. Place the  

XPOSE™ Access Device halfway between the apex  

of the heart and the target on the marginal artery 

(see Figure 4) Retract the heart over in line with the 

artery and elongate it without bending the heart 

too radically. Perform the anastomosis. Should the blood pressure or heart rate drop or if multiple 

vasopressor boluses are required, the surgeon should put the heart down into the pericardium until it 

reperfuses before picking it up and positioning it again. It is easy for both the anesthesiologist and 

surgeon to visually inspect the heart and make sure it is contracting well. 

Figure 4: Accessing the Circumflex Marginal Arteries 

 

Beating Heart Tip: 

Blood Pressure Goal 

Distal Anastomosis/Circumflex Marginal Arteries: 

- Prior to initially positioning the heart, raise the 

SBP >135 mmHg using Trendelenberg positioning 

and IV vasopressor boluses 

- If the heart appears to be hypovolemic, consider 

an IV fluid bolus as well 

- Maintain BP within 20% of baseline 

- If BP is declining and not responding to IV 

vasopressor bolus, notify the physician to place 

the heart back in the pericardium, remove the 

positioner, and allow the BP to return to 

baseline. 

- Prior to repositioning the heart the second time, 

raise the systolic BP to >145 mmHg 
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Summary 

In summary, surgeons and anesthesiologists can use a variety of strategies for maintaining 

hemodynamic stability during OPCAB: 

 Pre-procedure planning is an essential part of successful OPCAB surgery. The cardiac surgery 

team must approach OPCAB with a different mindset than on-pump procedures and receive 

training in OPCAB protocols, including how to handle emergencies. Before each case, review the 

patient’s history, preoperative blood pressure, coronary anatomy, and the extent of cardiac 

ischemia. The surgeon and anesthesiologist should jointly decide what blood pressure 

parameters will be adequate for the patient during OPCAB. Close collaboration and good 

communication between the surgeon and the anesthesiologist are essential in maintaining 

hemodynamic stability during OPCAB.  

 The sequence of coronary artery grafting also plays a key role in maintaining hemodynamic 

stability during OPCAB. Before surgery, choose a grafting sequence and strategy based on the 

patient’s coronary artery disease pattern with the goal of improving blood flow, myocardial 

oxygenation and overall cardiac performance during subsequent anastomoses and cardiac 

displacement. 

 Use passive and active warming techniques to preserve body temperature and maintain 

normothermia throughout the perioperative process. Preoperative hypothermia can increase 

the risk of myocardial infarction, wound infection, blood loss, extended anesthesia care, and 

prolonged recovery and hospitalization.11-14 

 In order to achieve the full benefits of beating heart surgery, limit the use of preoperative 

medication. The anesthesiologist should consider rapid emergence and early extubation of the 

patient in the operating room. Fast track anesthesia with early extubation is currently the most 

commonly employed practice for OPCAB. Early extubation and early patient mobilization can 

have a dramatic impact on patient outcomes after OPCAB. 

 Before the surgeon manipulates the heart, the anesthesiologist should achieve the optimal 

heart rate and blood pressure for each anastomosis. While small amounts of neosynephrine or 

levophed may be necessary to support blood pressure and cardiac output, the anesthesiologist 

should make every effort to avoid pharmacologic support of the circulation. Many times, the 

anesthesiologist can achieve hemodynamic goals through fluid management and the use of 

table positioning. 

 Before performing each anastomosis, assess the chest cavity and minimize any restrictions that 

can cause compression on a beating heart including anatomic structures, sutures, sponges, or 

devices. Also, mentally review the degree of coronary ischemia prior to each anastomosis. If 

ischemia is a concern, consider performing the LIMA to LAD with the heart in situ without the 

positioner and open the chest widely to achieve exposure, or insert an aortic cannula and be 

prepared to go on pump if necessary.  
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 Manipulating and positioning the heart can significantly impact hemodynamic stability during 

OPCAB. The surgeon should constantly look at the heart to see how it’s working and be 

cognizant of its physiology and functions. Sometimes picking up the heart can restrict blood flow 

in the coronary arteries or cause mitral valve dysfunction. Other times, anatomic structures, 

such as the sternum or pericardial edge, might be compressing on the heart, or a sponge could 

potentially limit its ability to fill and pump. Surgeons can make a huge impact on the 

hemodynamics of a patient with even a tiny adjustment in how they position the heart, where 

they place the devices, or how far they open up the chest cavity. 

 When manipulating the heart, never kink or bend the heart in half, and keep it elevated and 

elongated to maintain the long axis dimension of the ventricles. Use an apical suction device and 

a coronary stabilizer to help achieve optimal positioning, minimize myocardial ischemia and 

improve hemodynamic instability during manipulation of the heart. 

 If the heart does not hemodynamically tolerate certain positions, put the heart down and let it 

rest until the hemodynamics and EKG are restored. By doing so, this also “preconditions” the 

heart to tolerate longer periods of ischemia during coronary artery bypass. Also called ischemic 

preconditioning, surgeons can improve hemodynamic instability by creating brief, nonlethal 

periods of ischemia to the myocardium. Surgeons can also use coronary shunts to maintain 

blood flow during anastomoses and minimize hemodynamic instability from myocardial 

ischemia. 

 Although displacing the heart to expose the circumflex marginal arteries can be one of the most 

challenging aspects of OPCAB, surgeons can successfully bypass these vessels and maintain 

hemodynamic stability by using enabling devices such as the XPOSE Access Device and ACROBAT 

V Stabilizer. To perform bypass on the circumflex marginal arteries, rotate the OR table to the 

right as far as safely possible to provide access to the back wall using gravity to pull the heart 

over. Place the XPOSE Positioner halfway between the apex of the heart and the target on the 

marginal artery. Retract the heart over in line with the artery and elongate it without bending 

the heart in half. Perform the anastomosis. 
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