Off-pump coronary artery bypass grafting: A
case report
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It is easy to take for granted the seemingly effortless way cardiovascular surgeons are able to bypass atherosclerotic coronary arteries. The process used today was developed over
many years of rigorous study, experimentation, success, and
failure. Early cardiac surgery was performed blindly, through
small incisions, on a beating heart. Advances in medicine
allowed surgery to be performed on hearts stilled by cardioplegic arrest, while the circulation was continued through the
use of a cardiopulmonary bypass (CPB) machine. The development of the CPB machine allowed surgeons to perform the
delicate work of coronary artery bypass grafting (CABG), first
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urgery on the human heart was initially
performed while the heart was beating.
John F. Lewis, MD, headed the team that
closed a simple atrial defect using immersion hypothermia.1 C. W. Lillehei, MD, the
“father of open heart surgery,” participated in this first
successful open heart surgical procedure on September 2, 1952, at the University of Minnesota.1 Lillehei
also performed the first open heart surgery using
cross-circulation for repair of a large ventricular
defect. The surgeon achieved this by connecting the
circulation of the young child to the father, who took
over the work of the child’s heart.1 Lillehei’s successes
demonstrated that extracorporeal circulation was efficacious and gave impetus to the development of a
machine to provide the circulation.
More than 20 years of study and hard work went
into the development of the first successful cardiopulmonary bypass (CPB) machines. The first successful
open heart procedure using a CPB machine took place
in 1953 in Philadelphia, Pa, at the Jefferson University
Medical Center. John H. Gibbon, Jr, MD, repaired a
large atrial septal defect using a total bypass time of 26
minutes.2
The first attempts to surgically bypass obstructed
coronary arteries occurred in the early 1900s by
Alexis Carrel, MD.3 In the 1940s and 1950s, heparin
was starting to be effectively used in early vascular
surgery. This allowed the pioneer surgeon, Gordon
Murray, MD, to successfully suture a graft onto the
coronary artery in dogs.3 The use of heparin and Murray’s suturing techniques on humans became widespread after the development of angiographic tech-
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attempted on dogs, and then humans.
This article briefly outlines the historical evolution of cardiac surgery that led to the development of the technology
necessary to perform off-pump coronary artery bypass grafting (OPCAB). A case report of a 72-year-old female who
underwent OPCAB is outlined. Included is a discussion of
some of the benefits and potential complications of CABG
and OPCAB. Anesthetic considerations for OPCAB procedures
also are presented.
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niques, introduction of the first CPB machines, and
development of cardioplegia solution. These developments allowed coronary artery bypass grafting
(CABG) to be performed safely on an arrested heart.
Frederico Benetti, MD, and Antonio Caliafore, MD,
were instrumental in the resurgence of beating heart
procedures. They described the minimally invasive
direct coronary artery bypass (MIDCAB) procedure and
the left anterior small thoracotomy procedure respectively.4 Further development of superior positioning
and stabilizing tools has improved patient outcomes
and increased the performance of OPCAB procedures.

Case summary
A 72-year-old female, 155 cm, 83 kg, was admitted for
OPCAB. Medical history was significant for hypertension, positive stress test, coronary artery disease with
prior apical myocardial infarction, hyperlipidemia,
hypertryglyceridemia, osteoarthritis, osteoporosis, gastric reflux, noninsulin dependent diabetes, peripheral
neuropathies bilateral lower extremities, and obesity.
Surgical history included appendectomy and hysterectomy. The patient was sensitive to compazine. Medications included aspirin, glyburide, atenolol, isosorbide
mononitrate, amitriptyline, alendronate sodium,
indomethacin, and a multivitamin. Baseline vital signs
were blood pressure (BP), 164/80 mm Hg; pulse,
63/min; respirations, 18/min; and temperature, 96.7°F.
Preoperative laboratory values included hematocrit
(HCT), 37.4%; hemoglobin, 12.5 g/dL; platelets, 136
× 103/L; cholesterol, 189 mg/dL; triglycerides, 310
mg/dL; high-density lipoprotein, 37 mg/dL; low-density lipoprotein, 90 mg/dL; very low density lipopro-
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tein, 62 mg/dL; potassium (K), 3.8 mEq/L; blood glucose (BG), 115 mg/dL; and international normalized
ratio, 0.9. Cardiac catheterization revealed severe 3vessel disease, with 80% stenosis of the left anterior
descending and diagonal bifurcation, 70% distal circumflex, and 90% right coronary artery. Left ventricular function was normal, with an ejection fraction of
55%. The electrocardiogram (ECG) showed sinus
rhythm with lateral lead T wave inversion.
In the preoperative area, a 16-gauge intravenous
(IV) catheter was inserted, an infusion of Ringer’s
solution was started, and midazolam, 1 mg IV, was
given. Upon arrival to the operating room, the patient
was preoxygenated and standard monitors were
placed. Vital signs were: BP, 124/66 mm Hg; pulse,
54/m; and respirations, 18/min. A 20-gauge arterial
line was started in the right radial artery. Induction
was achieved with a total of midazolam, 5 mg; sufentanil, 50 µg; and pancuronium, 8 mg IV. The eyes were
lubricated and taped and the trachea was intubated
under direct visualization with a 7.5-mm endotracheal tube. End-tidal carbon dioxide was detected,
and bilateral breath sounds were present and equal.
The patient’s respirations were controlled at 725 mL
and 10 breaths per minute, and vital signs were BP,
108/50 mm Hg, and pulse, 52/min.
The patient was maintained on 100% oxygen and
1% isoflurane. An oral gastric tube and oroesophageal
temperature probe were placed. The temperature
probe was attached to a warming blanket under the
patient to assist with the maintenance of normothermia. A right internal jugular 9.0F introducer was
inserted, and a second infusion of Ringer’s solution
was started through a fluid warmer. A pulmonary
artery catheter was inserted without difficulty. Initial
readings included: pulmonary artery pressure, 26/13
mm Hg; wedge pressure, 12 mm Hg; central venous
pressure, 6 mm Hg; cardiac output, 5.1 L/min; and
cardiac index, 2.6 L/min/M2. Initial arterial blood gas
readings were: pH, 7.45 mm Hg; pCO2, 31 mm Hg;
pO2, 343 mm Hg; HCO3-, 21.5 mEq/L; base excess,
–1.9; HCT, 31%; Na+, 140 mEq; K+, 3.9 mEq; Ca++,
1.05 mg/dL; BG, 108 mg/dL.
The patient was given sufentanil, 50 µg IV, and a
nitroglycerin infusion was initiated at 5 µg/min. Vital
signs remained stable with a BP of 121/58 mm Hg and
a pulse of 60/min. Leg incision, for minimally invasive
saphenous vein harvesting, chest incision, and sternotomy were accomplished with a less than 10 mm
Hg increase in BP. Respirations were held during sternotomy. The patient was dosed with sufentanil, 10 µg,
and midazolam, 1 mg, during harvest of the left internal mammary artery. Neuromuscular blockade was
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monitored with a nerve stimulator, and pancuronium
was redosed at 2 mg IV when the patient had a 2twitch response to a train-of-four stimulus.
Sufentanil, 30 µg, and midazolam, 1 mg IV, was
given for full chest retraction, and the ventilator was
reset to 500 mL at 12 breaths per minute. The patient
was heparinized with 7,000 units IV. Additional
dosages of 3,000 units and 2,000 units of heparin
were given respectively to maintain the activated
whole blood clotting times at greater than 300 seconds through the vein grafting. The heart was suspended, partial aortic occlusion clamp was placed on
the ascending aorta, the left internal mammary artery
was grafted, and the proximal anastamoses were completed using 2 segments of greater saphenous vein
(Figure 1). The isoflurane delivery was decreased
from 1% to 0.6% to maintain systolic blood pressure
at 90 to100 mm Hg. No significant ectopy or ST wave
changes were noted.
Next, the surgeon completed 2 of the distal grafts,
despite very small, 1 to 1.5 mm diameter native vessels, and difficult visualization due to abnormally
large amounts of adipose tissue surrounding the heart.
The last distal graft required elevating the heart out of
the pericardial cavity and placement of the patient
into the Trendelenburg position (Figure 2). The
patient’s BP dropped to 76 mm Hg systolic, requiring
cessation of the IV nitroglycerin; ephedrine, 2.5 mg
IV; and infusion of hetastarch, 500 mL. The surgeon
was notified of the patient’s reaction to displacement
of the heart. After pausing to allow for the pressure to
be treated and the patient to stabilize, the procedure
continued. After completion of the graft and verification of adequate flow via Doppler, the heart was
replaced in the pericardial cavity, and the patient was
taken out of the Trendelenburg position. The patient’s
BP increased to 124/60 mm Hg, the IV nitroglycerin
was restarted at 5 µg/min, and sufentanil, 25 µg, was
given IV. The patient’s response to train-of-four stimulation was 4 twitches with fade; therefore, pancuronium, 2 mg, was given IV.
The isoflurane delivery was decreased to 0.4% during pericardial closure and insertion of left, right, and
mediastinal drains. The patient’s lungs were reexpanded, and the patient’s ventilations were controlled
at 700 mL and 10 breaths per minute. Before reapproximation of the sternum, the patient was given
sufentanil, 25 µg IV. Respirations were held during
sternal wire placement. The patient’s BP was 106/52
mm Hg and pulse was 62 beats per minute. Final central monitoring readings with the chest closed were
pulmonary artery pressure, 29/16 mm Hg; central
venous pressure, 10 mm Hg; cardiac output, 4.9

www.aana.com/members/journal/

Figure 1. Stabilizer in place for attachment of the left
internal mammary artery

L/min; and cardiac index, 2.7 L/min/M2. Final arterial
blood gas readings were pH, 7.41 mm Hg; pCO2, 31
mm Hg; pO2, 274 mm Hg; HCO3-, 19.6 mEq/L; HCT,
25%; base excess, – 4.1; Na+, 141 mEq/L; K+, 3.5
mEq/L; Ca++, 1.08 mg/dL; blood glucose, 112 mg/dL.
Protamine sulfate, 70 mg IV, was given to reverse
the heparin effect. The skin incision was closed,
which required sufentanil, 25 µg IV. Sterile dressings
were applied and the patient was readied for transport. Final fluid counts were: blood loss, 400 mL;
blood return via cell saver, 200 mL; crystalloid. 4 L;
and colloid, 500 mL. Urinary output was 400 mL
total. The patient was transported with 100% oxygen
via ambu bag and monitors. Upon arrival to the surgical intensive care unit (SICU), the vital signs were: BP,
114/51 mm Hg; pulse, 79/min; temperature, 37.0°C;
and SpO2, 98%. The patient opened her eyes and was
able to respond to questions appropriately by nodding
her head. Blood pressure increased to 140 mm Hg systolic, and the intravenous nitroglycerin was increased
to lower the pressure.
The patient was placed on the ventilator with initial settings of synchronized intermittent mandatory
ventilations of 10, tidal volume of 0.7 L; FiO2, 40%;
and positive end-expiratory pressure, 5 mm Hg. Spontaneous respirations of 16, with peak inspiratory pressures of 26 mm Hg were noted. Initial arterial blood
gas results upon admission to the SICU were: pH, 7.35
mm Hg; pCO2, 36 mm Hg; pO2, 105 mm Hg; HCO3-, 19
mEq/L; and base excess, – 5.6. The patient was given
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Figure 2. The heart is elevated out of the pericardial
cavity as viewed from the head of the operating room
table.

sodium bicarbonate, and the patient’s trachea was
extubated within 1 hour of arrival to the SICU.
The next day, postoperative day #1, the patient was
stable, with a BP of 118/56 mm Hg; pulse, 66/min; respirations, 18/min, and the ECG showed sinus rhythm
without any ST deviations. The hemodynamic values
were normal without any IV vasopressor infusions,
and urinary output was adequate. Laboratory results
were: HCT, 31.7%; K+, 4.4 mEq/L; blood urea nitrogen, 11 mg/dL; creatinine, 0.6 mg/dL; and Ca++, 7.3
mg/dL. Calcium gluconate, 1 g, was given postoperatively. The IV nitroglycerine, at 5 µg/min, was discontinued, and the patient was placed on transdermal
nitroglycerine paste, 1 inch every 4 hours. The patient
was transferred to the telemetry floor with orders to
increase activity. Chest wall pain was the only complaint, and the patient stated that oral pain medication
was effective in decreasing this sensation.
The chest tubes were removed on postoperative
day 3. The patient ambulated well and tolerated a diabetic diet. The surgical wounds were healing well,
without redness, warmth, or drainage. Laboratory values were: HCT, 28.6 %; K+, 4 mEq/L; blood urea nitro-
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gen, 9 mg/dL; and creatinine, 0.5 mg/dL. The endocrinologist managed the postoperative blood sugars. On
postoperative day 4, the patient was discharged home
on aspirin, glyburide, atenolol, amitriptyline, alendronate sodium, indomethacin, hydrocodone, and a
multivitamin. The patient was scheduled to follow up
with the surgeon in 2 weeks.

Discussion
On-pump CABG produces a static, bloodless surgical
field; improves surgical exposure of the coronary
arteries; and allows better control during anastomoses.5-8 The National Adult Cardiac Surgery Database determined the risk adjusted mortality rates for
on-pump CABG to be 2.9%, with a complication rate
of 12%.9 One of the main complications is systemic
inflammatory response syndrome (SIRS) resulting
from the activation of chemical mediators released as
the blood comes into contact with the CPB extracorporeal circuit. This response can lead to impairment
of renal, myocardial, gastrointestinal, respiratory, neurologic, and hematologic function.6-11 Other complications reported include increased incidence of atrial
fibrillation, increased length of stay, and increased use
of blood products.6,9,12
An estimated 20% to 25% of all coronary bypass
procedures in the United States are now performed off
pump.5,8 Research reveals a decreased incidence of
SIRS complications resulting from CPB, including
decreased transfusions, incidence of atrial fibrillation,
and length of hospitalization.6,9,10 Performance of an
OPCAB procedure is not without risk. There is evidence demonstrating an increased occurrence of
recurrent angina, poor graft quality, incomplete revascularization, and the need for coronary reintervention
in patients receiving OPCAB.6,10 The National Adult
Cardiac Surgery Database determined the risk
adjusted mortality rates for OPCAB to be 2.3%, and a
complication rate of 8%.9 Initially, OPCAB was
reserved for patients with normal left ventricular
function requiring single or double anterior vessel
bypass.11 Currently, elderly high risk patients with
coexisting renal, pulmonary, and vascular disease are
candidates for receiving OPCAB.11
Providing anesthesia for OPCAB has some similarities to on-pump bypass surgery, but it is the differences between the 2 procedures that increase the difficulty for the anesthesia provider. Continuous
communication between the anesthesia provider and
the cardiovascular surgeon is needed to ensure stable
hemodynamics during a procedure that, due to cardiac manipulation and possible regional ischemia,
causes enormous hemodynamic variability. The sur-
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geon should announce any actions that will affect the
heart and the patient status, such as lifting and positioning the heart or occluding a coronary artery.13 It is
likewise important for the anesthesia provider to
inform the surgeon of abnormal hemodynamic values,
use of vasopressors or inotropes, and changes in
rhythm or ST segment. The possibility of the patient
requiring cardiopulmonary bypass does exist; therefore, everything should be readily accessible for conversion to traditional on-pump CABG.13,14
Typical monitoring for OPCAB includes standard
monitors, an arterial line, an introducer with pulmonary artery catheter, multilead ECG for ST segment
evaluation, and occasionally, a transesophageal
echocardiography probe for evaluation of regional wall
abnormalities.13,14 It is important to continually assess
the ECG and hemodynamic values for rapid identification of ischemic changes. Visual inspection of the heart
itself is an important indicator of ischemia through the
change in contractility of the affected region.
During off-pump procedures, the maintenance of
normothermia is important. This is accomplished by
providing a normal or warm ambient room temperature,
placement of the patient on a warming blanket, warming of all IV fluids and blood products with a fluid
warmer, and keeping fresh gas flows less than 2.5
L/min.15 Temperature can be monitored via pulmonary
artery catheter, nasoesophageal probe, or oroesophageal
probe. It also is important to have 2 units of compatible
blood in the operating room.14
The primary goals for the anesthesia provider during
cardiac surgery are to prevent ischemia and to quickly
recognize and treat ischemic events if they occur.14 This
is achieved by controlling myocardial oxygen consumption and coronary perfusion pressure by altering
preload, afterload, heart rate, rhythm, and contractility.13,14 Patient outcomes are dependent on the maintenance of hemodynamic stability. The manipulation and
special positioning of the heart—necessary for successful off-pump surgical revascularization of the coronary
arteries, especially when accessing the lateral or posterior walls—makes hemodynamic control challenging.11
During the time the heart is being positioned, one will
note alterations in ECG amplitude, changes in pulmonary artery pressures, decreased cardiac output, and
distorted transesophageal echocardiography images13
(Figure 3 and Figure 4).
When the heart is displaced for exposure of target
vessels and performance of distal anastomoses, it is
important to maintain systemic circulation by increasing blood volume, systemic vascular resistance, and
heart rate15 (see Figure 3). Placing the patient into the
Trendelenburg position can effectively increase blood

www.aana.com/members/journal/

Figure 3. Monitor display of patient’s hemodynamic
values before elevation of the heart

pressure and aid in exposure of these vessels for the
surgeon.13 Systemic vascular resistance can be altered
through the use of alpha agonists, contractility can be
increased with inotropes, and heart rate increased by
cardiac pacing. The use of short action drugs during
periods of cardiac elevation is recommended to lessen
the potential for hypertension when the heart is
replaced in the chest.13 After placement of the stabilizer, one should expect akinesis only in the area stabilized; global effects, such as dilatation of the ventricle or hypokinesis, are not normal and would require
repositioning of the stabilizer.15 For placement of the
proximal anastomoses, it is recommended to maintain
systolic blood pressure at 90 mm Hg to decrease stress
trauma to the aorta.15
Patients undergoing OPCAB can often be fasttracked for early extubation. Before extubation, the
patient should be stable, without any significant bleeding, with normal temperatures, adequate oxygenation,
and normal carbon dioxide levels. To achieve this,
some anesthesia providers prefer to reverse any
remaining muscle relaxation and use a low dose
propofol drip for sedation until the patient is transferred to the SICU. After the patient has been stabilized
in the SICU, the patient can be safely extubated.13
Many years of diligent research by numerous medical personnel went into the development of coronary
artery surgery, as we know it. The many new technologies available make coronary artery bypass grafting safer than ever before, but performed off pump, it
remains a challenge for the anesthesia provider. It
requires beat-to-beat analysis of the patient’s hemodynamics and rapid response to changes in order to provide patients with the best possible outcomes.
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