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Abstract 
 

In order to reduce the adverse effects of general anesthesia, awake coronary artery 

bypass (ACAB) surgery has emerged as a new and unique technique in the treatment of 

coronary artery disease. This new surgical modality of coronary revascularization 

combines the minimal invasive nature of off-pump coronary bypass surgery with epidural 

anesthesia avoiding endotracheal intubation and mechanic ventilation. Particularly, it 

extends also the limits of coronary surgery where patients are deemed unfit for 

conventional surgery or general anesthesia. Due to its nature, ACAB offers several 

advantages over general anesthesia, including better analgesia, decreased myocardial 

ischemia, improved ventricular function, avoidance from tracheal intubation and 

mechanical ventilation, improved pulmonary function, reduced stress response and 

preservation of fibrinolytic system. ACAB also promotes modern trends in perioperative 

care including early mobilization and recovery, daycare and outpatient surgery. The clear 

advantage of ACAB is a more rapid recovery from surgery, allowing the patient to leave 

home on the day of surgery.  

A perfect understanding and co-operation between patient and anesthesiologist is 

necessary for ACAB, while an excellent collaboration between cardiac surgeon and 

anesthesiologist provides an uneventful procedure. Cardiac sympatholysis achieves 

bradycardia, dilates coronary arteries and in situ arterial grafts, improves left ventricular 

function, and prevents arrhythmia thereby making coronary anastomosis less challenging 

using ACAB technique. Single or multiple vessels revascularization can be performed 

with ACAB through different incisions, whereas mechanic stabilizer and apical holder 

enable surgical revascularization of coronary arteries on the lateral and/or inferior surface 

of the heart without hemodynamic deterioration during repositioning of the heart. 

Thoracic sympatholysis allows complete arterial revascularization via harvesting bilateral 
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internal mammary arteries with or without radial artery, but if using vein grafts is 

mandatory they are harvested via combined peripheral regional anesthesia. Avoidance of 

pneumothorax seems to be an important issue in carrying out ACAB, which occurs most 

commonly during sternotomy or harvesting internal mammary artery, but surgeon may 

try to manage it by primary repair or leave pleural space fully open to avoid tension 

pneumothorax. Adequate epidural anesthesia helps to perform single or multiple bypass 

grafts on the beating heart easily and quickly.  

Although ACAB procedures require advanced anesthetic technique and high-level 

surgical competence in terms of skill and speed, this novel approach in coronary 

revascularization opens the door of surgical treatment for high-risk patients in whom 

general anesthesia is not feasible, as well as allows patients who opt for early recovery 

after surgery to return to daily life with markedly improved quality of life. This chapter 

provides a comprehensive account of the technique and outcomes of ACAB. 

 

 

Introduction 
 

Cardiopulmonary bypass (CPB) and general anesthesia through standard full median 

sternotomy have been preferred applications since the early days of coronary artery bypass 

surgery. Every cardiac surgeon with varying degree of technical skills around the world can 

perform coronary artery bypass grafting (CABG) with acceptable outcomes. The known 

benefits of conventional CABG are complete revascularization on the arrested heart, using 

arterial grafts, performing associated cardiovascular procedures, and reduction of coronary 

dependent morbidity and mortality.  

On the contrary, several scientific studies have observed a strong correlation between 

conventional CABG and various early postoperative complications. Renewed interest in off-

pump coronary artery bypass (OPCAB) and minimal invasive operations has initiated a new 

era in CABG surgery by proposing to avoid side effects of extracorporeal circulation and 

median sternotomy. Combination of high thoracic epidural anesthesia (HTEA) with general 

anesthesia has improved early postoperative results by reduction of systemic stress response, 

superior pain control, improvement of diaphragmatic and pulmonary function, decreasing 

heart rate and myocardial oxygen demand, dilatation of stenotic coronary vessels, and 

maintenance of hemodynamic stability.  

Furthermore, adequate postoperative analgesia prevents patient discomfort, and HTEA 

decreases postoperative morbidity and hospital length of stay. Cardiac surgery in awake 

patients has additional benefits on top of the advantages of HTEA like avoidance of 

mechanical ventilation, monitoring of neurologic vigilance, avoidance of intensive care unit 

stay, providing cost effectiveness due to shorter hospital length of stay and less overall 

charges.  

Not only returning to daily activities is comparable with benefits of percutaneous 

interventions, but also patients would benefit utilization of arterial grafts through a less 

invasive procedure.  

Awake cardiac surgery can also extend the limits of cardiac procedures by eliminating 

contraindications for general anesthesia and endotracheal intubation. 
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Evolution of Awake Coronary Artery  
Bypass Surgery 

 

Cardiac surgeons have tried to minimize the operative trauma of cardiac operations, 

especially CABG, since modern cardiac surgery was introduced in 1950’s. The first step was 

to avoid extracorporeal circulation and perform coronary revascularization using off-pump 

techniques, which have been widely acknowledged during the last two decades
 
[1-3]. The 

second step was to minimize surgical incisions and to avoid median sternotomy. Several 

types of minimal incision have been introduced to harvest internal mammary artery (IMA) 

and to revascularize the left anterior descending (LAD) artery
 
[4-6]. The third step was 

advances in off-pump surgical technology and adoption of creative techniques which 

rendered possible revascularization of circumflex and right coronary systems through 

standard median sternotomy
 

[7]. The OPCAB techniques are constantly undergoing 

refinement and many areas of potential benefit are being vigorously explored
 
[8]. These 

procedures are more useful in high risk patients including those with severe left ventricular 

dysfunction, severe obstructive pulmonary disease, renal insufficiency, and diabetes mellitus
 

[9-12]. Encouragingly, off-pump revascularization does not have any negative effect on the 

myocardium [13]. The last step is to prefer only arterial grafts for off-pump coronary artery 

revascularization in patients with multi-vessel disease [14,15]. Furthermore, early and 

midterm angiographic studies have showed that graft patency after OPCAB is comparable 

with conventional on-pump technique, especially patency of arterial grafts [16-18]. 

The first description of HTEA and analgesia in cardiac surgery was published in mid 

1950’s [19]. However, clinical application of HTEA in cardiac surgery during the modern 

surgical era could be realized after two decades when it was routinely utilized in the 

immediate postoperative period for treating systemic hypertension [20]. Practical and 

modernized usage of HTEA was performed in 1987 and the authors suggested the insertion of 

thoracic epidural catheters in patients before cardiac operation [21]. Since that time, HTEA 

has been used mostly for providing analgesia, stress response attenuation, or thoracic cardiac 

sympathectomy in cardiac surgery. It was only at the end of 20
th

 century, that the quality of 

analgesia obtained with HTEA had been observed as sufficient enough to allow ACAB 

without general endotracheal anesthesia. 

Whereas the main progress in cardiac surgery was avoidance of cardiopulmonary bypass 

in the 20
th

 century, the new millennium allowed us to avoid general anesthesia and 

mechanical ventilation during cardiac operations. A new strategy to reduce the invasiveness 

of cardiac surgery via avoidance of general anesthesia was described at the beginning of this 

century [22]. The authors’ basic idea behind this procedure was to facilitate CABG in the 

least invasive manner and to perpetuate surgical revascularization as a serious competitive 

approach against percutaneous revascularization. They used only HTEA without general 

anesthesia to shorten postoperative care and hospital stay. In a few years, several reports were 

published in the literature to show the applicability of this technique in different cardiac 

centers with the same success as the conventional CABG techniques [23-28]. Several 

transthoracic incisional approaches have been developed for awake coronary artery bypass 

(ACAB) surgery, especially in single vessel disease: mini-thoracotomy [29], rib cage lifting 

technique [30], full median sternotomy [31], reversed J inferior sternotomy [32], and 

subxiphiodal approach [33]. Left or right coronary arteries can be revascularized with these 
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techniques, whereas multivessel revascularization on the anterior surface of the heart (left 

anterior descending artery, diagonal branches, high lateral circumflex artery) can be also 

performed through the same incision. Arterial grafts (internal mammary artery, radial artery, 

right gastro-epiploic artery) are favored for coronary revascularization and thoracic 

sympatholysis covers all possible incisions for arterial grafts during ACAB. However, as 

saphenous vein graft remains the most acceptable graft for multivessel CABG therefore 

different regional anesthetic techniques can be combined to harvest saphenous vein graft 

during ACAB
 [

34-36
]
. On the other hand, hybrid revascularization provides minimally 

invasive options for high risk patients with multivessel coronary artery disease [37]. The last 

two steps of ACAB are complete revascularization of lateral or inferior heart surfaces by 

utilizing arterial grafts.
 
Harvesting bilateral IMAs is the pinnacle of HTEA technique which 

allows utilization of bilateral IMAs in situ
 
[38]. New technical devices like epicardial 

stabilization devices (mechanical or vacuum assisted) with or without apical heart 

repositioning devices enable to immobilize the heart and to pull it up for posterolateral wall 

revascularization with preserved hemodynamic parameters [39]. 

 

 

Physiologic Effects of High Thoracic  

Epidural Anesthesia 
 

General anesthesia is the most commonly used anesthetic technique and considered to be 

the gold standard for all kinds of cardiac operations. The main advantages are complete 

anesthesia and analgesia, fully paralyzed body without any agitation and efficient control of 

respiratory and cardiovascular systems intraoperatively. Furthermore, adequate postoperative 

analgesia prevents unnecessary patient discomfort and decreases morbidity, hospital length of 

stay and cost [40]. Despite the well-known advantages of general anesthesia it has also 

several risks, which can be very serious or fatal (Table 1). Additionally, inadequate analgesia 

during early postoperative period and stress response hormones (norepinephrine, epinephrine) 

increased by CPB aggravate sympathetic activity and cause disruption of the balance between 

coronary blood flow and myocardial oxygen demand aggravating ischemia. In order to avoid 

these adverse effects of general anesthesia, HTEA has been introduced as a supplemental or 

sole anesthetic approach in cardiac surgery procedures with several positive effects (Table 2). 

It has been used for two types of cardiac surgical procedures: awake/paralyzed off-pump or 

on-pump procedures, where its major usage is supplemental to general anesthesia. Inhibition 

of thoracal sympathetic system has two main effects: adequate analgesia after sensory and 

motor blockade at the thoracal level (complete control of pain and stress response) and 

cardiac sympathetectomy (Table3). Thoracic epidural anesthesia causes segmental thoracic 

sympathetectomy, which has direct effects on the heart, pulmonary vascular tone, renal and 

splanchnic perfusion regulation, and venous return. Other than providing cardiovascular 

stability, the potential benefits of using HTEA in combination with general anesthesia are 

attenuation of stress response, superior analgesia, and reduction of total amount of 

intravenous narcotics, improved pulmonary function, early extubation and mobilization [40]. 

Moreover, IMA dilatation with sympathetic blockage at the C6 level provides excellent graft 

flow. There is also provocation of fibrinolytic cascade that might counterbalance the 

procoagulant state observed after beating heart surgery and this may also improve graft 
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patency. The cumulative effect of HTEA increases coronary perfusion in ischemic 

myocardium and improves left ventricular function in patients undergoing CABG. 

Combination of general anesthesia with HTEA provides the usage of a regional anesthesia in 

cardiac surgery, whereas ACAB enables the usage of HTEA as sole anesthetic method in 

cardiac surgery.  

 

 

Cardiac Innervation 
 

The heart is supplied with branches of the sympathetic and parasympathetic autonomic 

nervous systems which have major regulatory actions on healthy and diseased humans. The 

sympathetic fibers end on vascular smooth muscle cells, while parasympathetic fibers end in 

the adventitia of coronary vessels. 

 

Table 1. Risks of general anesthesia 

 

Mechanical ventilation 

 barotrauma (airway pressure-induced injury) 

 volotrauma (lung inflation-induced injury) 

 atelectrauma (injury due to cyclic opening / closing of small airways/lung units) 

 biotrauma (release of a variety of proinflamatory mediators) 

Endothraceal intubation 

 trauma to teeth 

 vocal cords edema 

 peri-intubational hypoxia 

Pulmonary  

 atelectasis 

 collapse of the lung(s) 

 pneumonia 

 aspiration 

Cardiovascular 

 significant increase in stress-response hormones (norepinephrine, epinephrine, 

etc) 

 coronary artery vasoconstriction and decreasing the myocardial oxygen supply 

 tachycardia, dysrhythmias 

 perioperative myocardial ischemia 

 hypotension – hypertension attacks (immobile hemodynamic status)  

Neuromuscular 

 perioperative neuropathy 

Others 

 postoperative nausea and vomiting 

 hypothermia and hyperthermia 

 adverse drug reactions 

 complications of positioning 

 

The sympathetic nerves to the heart and coronary vessels arise from the superior, middle, 

and inferior cervical sympathetic ganglia and the first four thoracic ganglia. The satellite 

ganglion (inferior cervical + first thoracic ganglia) is a major source of cardiac sympathetic 
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innervation. Stimulation of sympathetic efferent nerves increases chronotropy and inotropy of 

the heart, cardiac output, arterial vasoconstriction and systemic vascular resistance.  

Parasympathetic stimulation causes bradycardia, decreases contractility, and lowers blood 

pressure. These effects can be abolished by atropine. Parasympathetic stimulation normally 

causes vasoconstriction by the activation of muscarinic receptors on vascular smooth muscle 

cells, but it can cause coronary vasodilatation due to increasing endothelial nitric oxide level. 

Parasympathetic control has not been shown to be important in the initiation of myocardial 

ischemia. 

 

 

Coronary Innervation 
 

All coronary arteries are dominated by adrenergic receptors, and as a rule, β-receptors 

cause dilatation whereas α-receptors engender constriction. If both α1 (large epicardial 

vessels) and α2 (small coronary arteries < 100 μm in diameter) adrenoceptors are activated by 

neuronally released (sympathetic activation) or circulating (iv infusion) norepinephrine 

coronary vasoconstriction occurs. On the other hand, β2 adrenoceptors in the large and small 

coronary arteries mediate vasodilatation. Besides sympathetic innervations, the intact 

endothelium also plays an important role in the vascular tone (autoregulatory response). 

Circulating metabolites stimulate release of different endothelium-derived relaxing or 

contracting substances which have modulating effects on the coronary endothelium. The 

endothelium can also act to limit the effect of norepinephrine by metabolizing it. In a normal 

heart, the direct effect of sympathetic stimulation is coronary vasoconstriction which is in 

competition with the metabolically mediated dilatation of exercise or excitement, and the net 

effect is a marked increase in coronary flow. Once coronary arteries are damaged by 

atherosclerosis, the vascular response to hormonal and physical properties changes 

dramatically. Coronary α-adrenergic activation in normal heart results in vasoconstriction 

maintaining transmural blood flow during periods of increased demand (for example 

operation-stress) by preventing epicardial coronary flow steal, but in atherosclerotic disease it 

reduces arterial lumen diameter at the stenotic segment and produces a significant increasing 

in flow resistance that causes a greater shunting of blood to the epicardium. In patients with 

coronary stenosis, sympathetic vasoconstrictor activation can precipitate myocardial ischemia 

by further narrowing of stenotic segments. Dysfunction of the diseased endothelium may also 

predispose to excessive α-adrenergic constriction due to restricted autoregulatory response. 

Sympathetic blockade causes vasodilatation at the stenotic segments of coronary arteries and 

increases myocardial blood flow in ischemic regions which overall improves myocardial 

function. 

 

 

Effects on the Conduction System 
 

HTEA has a clear effect on cardiac electrophysiology due to sympathetic system 

activation. Stimulating sympathetic system increases excitability and conductivity of the heart 

both of which cause tachycardia or dysrhythmia. The main effect of HTEA is significant 

reduction of heart rate due to extended repolarization time and prolonged refractory period 

which is more pronounced at ventricular level than the atrium [41]. The atrio-ventricular 
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nodal conduction time and functional refractory period are also lengthened. A further 

reduction of the heart rate can occur if any β-blocker, which is used commonly in OPCAB to 

slow the heart, is added to HTEA intravenously. Although perioperative dysrhythmia is 

reduced, HTEA does not decrease the incidence of postoperative atrial fibrillation. However, 

ACAB may be associated with a lower incidence of postoperative atrial fibrillation because 

not only is there an inhibition of sympathetic innervations, but also vagal nervous system is 

dominant after surgery [42].  

 

Table 2. Physiologic advantages of HTEA 

 

Cardiac sympathicolysis 

 Anti-ischemic and anti-anginal (optimal redistribution of coronary 

blood flow) 

 Anti-vasoconstrictor (paradoxical vasoconstrictor response) 

 Anti-chronotropic (small, but significant bradycardia) 

 Anti-arrhythmic (preventing dysrhythmias) 

 Improvement of left ventricular function 

Thoracic sympathicolysis  

 Motor blockage of intercostal muscles 

 Adequate intra- and postoperative analgesia 

 Decreasing systemic response to surgery 

 Anti-catabolic (decreasing metabolic activity) 

 Anti-thrombogenic (preserving fibrinolytic system) 

 Immunologic (preserving immune response)  

 Increasing gastrointestinal motility and perfusion 

Spontaneous ventilation 

 Avoidance of endotracheal intubation 

 Avoidance of mechanical ventilation 

 Avoidance of pulmonary complications 

 Neurologic monitoring 

 

 

Effects on the Cardiovascular System 
 

Activation of the sympathetic system is one of the important factors in the development 

of myocardial infarction, angina pectoris, and fatal cardiac arrhythmias in patients with 

coronary heart disease. HTEA reduces myocardial oxygen consumption by lowering pre- and 

after-load, and heart rate. All these changes cause an effective relief even in unstable angina.  

HTEA with local anesthetics influences various aspects of the cardiac functions via loss 

of sympathetic tone to the myocardium, the epicardial coronary arteries, and the small 

resistance vessels. The main effects of HTEA can be opposite in healthy state and patients 

with coronary artery disease. In healthy state, HTEA decreases contractility and cardiac 

output without a reduction in left ventricular ejection and diastolic filling performance after 

the loss of sympathetic innervations[43]. In patients with coronary artery disease, HTEA does 

preserve left ventricular systolic function via a reduced incidence of regional wall motion 
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abnormalities
 
[44]. In contrast to healthy state, HTEA improves left ventricular diastolic 

dysfunction, which is more frequent than systolic dysfunction and the earliest hemodynamic 

manifestation in coronary artery disease.  

The cardiac sympathetic stimulation has a vasoconstrictor influence on both normal and 

diseased coronary segments. Cardioselective epidural block can improve oxygen supply in 

ischemic myocardium due to dilatation of stenotic coronary arteries (while not affecting the 

diameter of the nonstenotic segments), redistribution of coronary blood flow in favoring the 

endocardium (whereas total coronary blood flow is unaltered), reduction of myocardial 

oxygen consumption by lowering arterial systolic and pulmonary capillary wedge pressures 

(no significant changes in coronary perfusion pressure) and a favorable alteration of the 

myocardial supply/demand ratio (significant reduction of myocardial oxygen consumption), 

and reduction of catecholamine levels [45]. 

The main adverse hemodynamic effect of HTEA is hypotension due to cardiodepressing 

action and vasodilatation (arterial and venous) by diminishing sympathetic counter-regulation 

in a substantial vascular reservoir
 
[46]. In fact, HTEA does not produce any change in 

intravascular volume or its components, but the inhibitory effect of HTEA on the 

vasoconstrictor sympathetic outflow causes functional hypovolemia which can be avoided by 

administration of plasma expanders. If the sympathetic block is not extensive, circulating 

cathecolamines can also augment sympathetic activity below the block and avoid functional 

hypovolemia, but if the block is extensive vasopressors must be preferred in the treatment. 

 

 

Effects on Lung Function 
 

General anesthesia may lead to myocardial ischemia because of adverse hemodynamic 

responses to tracheal intubation, suction of the endotracheal tube, and extubation. 

Endotracheal intubation can also cause mucosal injury, reduced mucociliary function, 

bypassing upper airway defenses, and reduced effectiveness of cough. On the other hand, 

epidural motor blockage of thoracic respiratory muscles and the potentially detrimental 

effects of sympatheticolysis which leads to an unopposed vagal tone and increased bronchial 

tone and reactivity, are the most serious side effects of HTEA. Combination with general 

anesthesia is a good strategy to avoid these risks, but at the same time complications of 

mechanical ventilation are also hazardous. The avoidance of mechanical ventilation in awake 

patients improves pulmonary function via better diaphragmatic contractile function and cough 

activity, which prevents atelectasis and pulmonary infections, maintains upper airway 

defenses, and better controls postoperative pain. Patients with chronic obstructive pulmonary 

disease or laryngeal stenosis, which are main contraindication for general anesthesia with 

endotracheal intubation and mechanical ventilation, can also undergo operation safely with 

this approach. Using HTEA can induce hypercapnia, particularly in patients with severe 

chronic obstructive pulmonary disease, and the severity of hypercapnia might be correlated 

with operative time. Administration of oxygen through a Venturi mask can simply prevent 

hypoxemia, whereas hypercapnia can only be prevented via deep and periodic diaphragmatic 

respiration. On the other hand, neither the arterial-alveolar partial oxygen difference nor the 

direct measurement of shunt will be negatively affected by HTEA [47]. 
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Technique of High Thoracic Epidural Anesthesia 
 

As a general rule, most anesthesiologists using regional techniques in patients undergoing 

CABG with subsequent heparinization (vascular or cardiac surgery) demand at least one hour 

interval between insertion of the epidural catheter and administration of heparin.
 
Insertion of 

HTEA on the day of surgery seems logistically simpler, because it does not takes more than 

20 minutes and the patient can be supervised in the operating room, and the period between 

insertion and heparinization gives adequate time to check the full efficiency of HTEA and to 

provide required monitoring during ACAB. The operating room is
 
kept warm (22-24ºC) and 

quite. It is important to prevent heat loss rather than actively re-warm patients. Maintenance 

of normothermia is essential to prevent shivering. First of all, basic monitoring before HTEA 

should be carried out using electrocardiogram, noninvasive blood pressure measurement, and 

pulse oxymetry. Local
 
anesthetic ointments can be used before insertion of all invasive and 

epidural
 
catheters. Two venous catheters are utilized peripherally to infuse only isothermic 

intravenous fluids. Usually during this period sedation is not necessary, but if the patient is 

apprehensive in the operating room a small dose of midazolam (0.07 mg/kg) can be 

administered. Monitoring after HTEA includes continuous electrocardiogram, direct arterial
 

pressure, central venous pressure, pulse oxymetry, and body temperature. A Foley catheter or 

rectal probe is not necessary. A conscious patient also allows anesthesiologists to assess 

neurologic monitoring. Epidural insertion can be applied with median or paramedian 

approaches, but median approach lowers the risk of inadvertent puncture of a vessel and 

should therefore be preferred for HTEA [48]. Upper intervertebral spaces are clearly 

identifiable with median approach, which usually is a straight line perpendicular to the skin 

with an angel of 90º for insertion.
 
More important than the catheter and needle specifics, 

HTEA for ACAB should not be attempted by inexperienced anesthesiologists because of the 

inherent risk of epidural hematoma. Either the hanging drop or the loss of resistance 

technique can be utilized. In majority of cases the loss of resistance technique is preferred. 

The patient is positioned sitting upright on the operating table and inspected one more time 

whether there is an anatomical contraindication for insertion of the epidural catheter, 

especially between intervertebral spaces C7 and T3. First, local anesthesia with lidocaine (2-4 

mL) is applied and then a 16-gauge flexible-tip
 
catheter is

 
inserted through a Tuohy needle at 

the intervertebral space between T1 and T2. The catheter is cephally directed and advanced 

no more than 3-4 cm inside
 
the epidural space, otherwise migration and knotting of catheter 

may occur. Tingling and numbness during the passage of catheter occurs frequently, but this 

may not necessarily indicate the onset of a neurologic deficit [49]. The epidural catheter is 

fixed on the skin. The whole procedure should be almost painless, a forceful needle insertion 

should be avoided, and no more than several attempts should be undertaken to localize the 

epidural space. If a bloody tap occurs or blood comes into syringe, elective surgery is 

cancelled until the next day and CABG should be planned with general anesthesia. Patients 

with very tight or calcified intervertebral spaces may be declined the procedure due to access 

related problems. The block level is tested after epidural
 
administration of 5 mL lidocaine 

(2%) as a bolus to confirm the absence of untoward effects. Once level is confirmed, full dose 

of epidural anesthetic infusion is started epidurally after 10 mL epidural anesthesia solution is 

administered as a bolus. Patient lies in supine position on operation table which stands in 

horizontal plane. Fifteen minutes
 
later, the analgesic level of the block is tested by assessing 
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both temperature
 
and pin prick discrimination. Loss of temperature discrimination

 
is deemed 

necessary to continue the operation with epidural
 
anesthesia. Motor block of the intercostal 

muscles is
 
assessed visually by monitoring the loss of intercostal movement.

 
An additional 

bolus dose of epidural anesthesia solution
 
should be administered if motor block of the 

intercostal
 
muscles is not adequate. Absence of an adequate level of analgesia or presence of 

patchy analgesia 45 minutes after infusion of epidural anesthetic solution is termed “failed 

epidural”. In this situation, HTEA is aborted and procedure is converted to general anesthesia.  

Observation of the new onset Horner’s syndrome is a very important sign of the 

successfully conducted HTEA, which indicates the upper tolerable level of epidural 

anesthesia in awake patients. The objective of HTEA is to achieve somatosensory
 
block at C7 

to T8 levels, and motor block
 
of the intercostal muscles while preserving diaphragmatic 

respiration. Internal mammary artery dilatation can be achieved when the block level raises to 

the C6 level. On the other hand, if the block level raises above C4 level, diaphragm paralysis 

ensues. Because diaphragmatic respiration is vital for adequate respiratory function, the upper 

permissible level of block should be C6. An epidural anesthesia
 
solution is used for the entire 

operation, which includes bupivacaine
 
hydrochloride, lidocaine, fentanyl, and bicarbonate 

(Table 4). The continuous administration of this solution rather than the intermittent bolus 

application provides a very stable hemodynamic profile. It is important to use HTEA to its 

maximum strength to benefit from its full potential effect, which prevents any additional 

sedative or muscle-paralyzing agent. Inadequate analgesia can be managed with more specific 

calculation of epidural infusion rate (normal infusion rate 15-25 mL/h) or a small bolus of 3-5 

mL. A small dose of propofol (0.5 mg/kg) would suffice if patient is excited. Since T1 is the 

upper part of full median sternotomy skin incision, this area needs to be covered by HTEA. If 

patient has pain in the upper or lower wound, a small dose of local anesthetic can be injected, 

especially during full median sternotomy. It is not necessary to use local anesthesia during the 

partial lower median sternotomy techniques, and pain around the xiphoid can be avoided by 

lifting up the head of the operation table (< 30º) so as to spread sensory blockade to cover 

upper abdominal region. Operation table is leveled back in horizontal plane during the 

surgical prep. Throughout the operation, patients spontaneously breathe oxygen (4 L/min) 

through a Venturi mask. After a successful HTEA, most patients can sleep without any 

sedative medication. Diaphragmatic respiration is adequate to maintain sufficient levels of 

oxygenation and a moderate carbon dioxide retention is not clinically significant. If 

anesthesiologist observes hypoventilation or hypercapnia, patients are stimulated to breathe 

more deeply and frequently. Decreasing the dose of epidural anesthetic solution is also 

sufficient to deal with hypercarbia. It is not necessary to monitor tidal volume, minute volume 

or lung compliance. On the other hand, there is also no need to use a facemask, positive 

airway pressure ventilation, naso-pharyngeal or laryngeal mask airway, and nasogastric tube. 

Facemask of the mechanical ventilator with continuous positive airway pressure support is 

reserved only for patients who develop hemodynamic instability, hypoventilation or 

irritability. If patients cannot tolerate HTEA, epidural anesthesia is aborted and the procedure 

is converted to general anesthesia with endotracheal intubation. 

Adequate space must be provided at the head of patients for monitoring respiration, 

communication with patients, and any intervention if necessary. Patients are draped allowing 

free and unrestricted access for the anesthesiologist to
 
manipulate the head and neck of 

patients, in case an urgent endotracheal intubation should be necessary. We cover only the 

thorax and, if necessary, the left arm with a sterile drape and the whole body except the head 
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is covered with sterile operation cloths. In all emergency situations, patients are intubated 

with an endotracheal tube directly and mechanical ventilation support is started immediately. 

When adequate analgesia, sedation or anxiolysis is not produced during ACAB operation 

agitation, hypercapnia and hypoventilation can be prevented with an administration of 

midazolam (0.07 mg/kg) intravenously and the assisted ventilation. 

 

Table 3. Cardiovascular effects of HTEA 

 

Coronary blood flow 

 increased diameter of stenosed epicardial coronary arteries 

 no influence on nonstenotic and resistance coronary vessels 

 increased regional flow favoring the endocardium 

 no effect on coronary perfusion pressure 

Conduction system 

 decreased heart rate 

 lengthening of repolarization 

 prolongation of ventricular refractory time 

 delayed AV nodal conduction and refractory period 

 decreased baroreflexes’ sensitivity 

 decreased dysrhythmias 

Ventricular function* 

 improvement in global and regional wall motion 

 increased left ventricular function 

 decreased extent of ischemia 

Vascular blood flow 

 arterial vasodilatation (decreasing afterload) 

 venous vasodilatation (decreasing preload) 

 hypovolemia 

 interference with renin-angiotensin system 

 increased vasopressin plasma concentration 

* Patients with coronary artery disease. 

 

Table 4. Composition of HTEA 

 

Agent Concentration Dose Volume 

Bupivacaine 0.5% 100 mg 20 mL 

Lidocaine 2% 400 mg 20 mL 

Fentanyl 0.005% 0.25 mg 5 mL 

Bicarbonate 8.4% 42 mg 5 mL 

 

Careful timing with anticoagulation and HTEA catheter removal is essential in all 

patients. At least two hours
 
must be elapsed between epidural catheter insertion and the last 

dose of heparin or one hour between catheter insertion and heparinization for ACAB. Only 

one dose of heparin (5000 IU) is given for anticoagulation at the beginning of IMA 

harvesting, which is not reversed with protamine
 
at the end of the operation. A recent 

activated coagulation time (ACT) and international normalized ratio (INR) status should be 

obtained before removal of HTEA, and heparin must be started at least two hours after 

removal of the HTEA catheter. It is not necessary to discontinue anticoagulation with 
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acetylsalicylic acid or clopidogrel preoperatively, which cannot cause any bleeding during 

HTEA. Administration of acetylsalicylic acid, clopidogrel or warfarin can be commenced 

immediately after surgery, and HTEA is continued for 24 hours to prevent postoperative pain 

and epidural catheter can be removed after 24 hours.  

 

 

Complications of High Thoracic  

Epidural Anesthesia 
 

Potential complications of HTEA may reduce acceptance and enthusiasm for this 

technique in cardiac surgery (Table 5). Neurological or hemorrhagic complications can be 

fatal because of the risk of vertebral canal hematoma. Local anesthetic neurotoxicity is a well-

known phenomenon related to the type and concentration of anesthetic and systemic 

absorption. Hemodynamic complications can be dangerous if the treatment gets delayed or 

combines with cardiac decompensation during anastomosis. The later complications can be 

prevented or treated by decreasing the rate or holding the epidural infusion.  

 

Table 5. Complications of HTEA 

 

Neurological 

 spinal cord injury 

 dural puncture 

 damage by irritant drugs 

 epidural infection or abscess 

 transient deficits (paresis, paralysis) 

 cervical myelitis 

 hemorrhagic 

 bleeding 

 epidural hematoma 

 spinal hematoma 

 neurotoxicity 

 seizure 

 loss of airway protective reflexes 

 coma 

 motor autonomic blockade (urinary retention, weakness) 

 phrenic nerve palsy 

Hemodynamic 

 hypotension 

 bradycardia 

 arrhythmias 

 myocardial depression 

Respiratory (silent) 

 bronchospasm 

 bronchial hyperactivity 

 respiratory depression 

 hypercapnia 

 diaphragm paralysis 
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There can be two problems after surgery: paresthesia in the arms and motor blockade of 

hand or forearm. Since T1 is the upper part of the full median sternotomy incision, HTEA 

must cover this area which also shares the same dermatome for sensitivity of the arm. If 

partial inferior sternotomy is preferred it is not necessary for HTEA to cover this region and 

lowering the level of HTEA resolves this problem. But, paresthesia or motor blockade of the 

lower extremities should alert the team until an epidural hematoma is excluded in diagnosis.  

 

 

Patient Selection for Awake Off-pump CABG 
 

Patient Approval 
 

The initial selection criterion for ACAB is patient approval. In spite of the fact that 

patients undergoing CABG have major anxiety against general anesthesia, they also refrain 

from awake cardiac surgery. It may be better to begin the ACAB program with well-

motivated patients, because they will be conscious throughout the entire operation and aware 

of what is being done to them and around them. Patients should be well informed about the 

pros and cons of this new surgical procedure, and early- and mid-term results which are 

comparable to conventional CABG. Preoperative information of the procedure eliminates or 

relieves operation anxiety. Exercise of the diaphragmatic respiration is the other key leading 

to successful CABG on the conscious patient. These basic efforts help to maintain epidural 

anesthesia which is necessary to continue awake operation without any difficulty. 

Furthermore, patients must be assured that the operative procedure will be converted 

immediately to the conventional technique in case of any unexpected problem. The benefits 

of HTEA listed in Table 6 should also be explained and documented, followed by a written 

informed consent obtained from every patient. The first and main contraindication of ACAB 

is inadequate communication skills or failure of the patient to comprehend the needs of the 

operation, because these patients cannot coordinate with anesthesiologist for the critical steps 

of ACAB (hyper- or hypoventilation, cough, moving, more speaking, etc). The first indication 

to convert to general anesthesia at the beginning of the operation is persistent anxiety or 

feeling pain which engenders patient discomfort. 

 

 

Indications and Contraindications for ACAB 
 

The surgical indications and contraindications for ACAB have broadened over the last 

ten years (Table 7). At the beginning, only single vessel ACAB was offered to patients 

without any risk factors. But now, patients with multivessel disease and more co-morbidities 

are undergoing ACAB operation with an excellent quality of anastomosis and increased 

comfort of the operation procedure. Revascularization of coronary arteries on the anterior 

wall of the heart is the easiest stage of ACAB, but revascularization of lateral or inferior wall 

is more complicated. All vascular situations causing extension of anastomotic period, failure 

of appropriate positions for circumflex artery (Cx) or right coronary artery (RCA) 

anastomosis, new onset acute myocardial ischemia or hemodynamic instability are relative 

indication to convert to conventional CABG under general anesthesia if simple maneuvers 
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can not salvage the planned surgical procedure. Essentially, surgical revascularization should 

be performed as quick as possible to prevent patient discomfort which is the most common 

reason to sedate patients with central anesthetics or to convert to general anesthesia during 

ACAB. Both coronary anatomy and cardiac status should be taken into account when 

selecting patients for ACAB procedures (Table 8).  

 

Table 6. Benefits of HTEA in ACAB 

 

Intraoperatively 

 Attenuation of stress response 

 Superior analgesia 

 Hemodynamic stability 

 Cardiac sympathicolysis 

 Release angina (optimal redistribution of coronary blood flow) 

 Reduced oxygen demand 

 Neurologic monitoring (communication with operating team) 

Postoperatively 

Early postoperative period 

 pain free rest 

 avoidance from late complications of general anesthesia (no vomiting, no delirium, 

no hypercapnia, etc) 

 improved pulmonary function and pain-free cough (aproblematic upper and lower 

respiratory tracts) 

 stress free period (no anxiety) 

 consciously active interest around (read news or books, watch television, listen to 

music, etc) 

 early orally contact with relations or friends 

 early drink or eat something (aproblematic mouth and nasopharynx) 

Return to physical activities 

 early mobilization (in hours) 

 early discharge to the ward (in hours) or no stay in the intensive care unit 

 early discharge from the hospital (≥ in same day) 

 early return to daily life (≥ in same week) 

 early return to work (≥ in same week) 

 early return to heavy physical work (> 2 weeks) 

 earlier sexual activity or sport (> 2 weeks) 

Lower hospital cost 

 

 

Coronary Anatomy 
 

Coronary artery size > 1 mm is acceptable to perform surgical revascularization while 

HTEA slows the heart rate and mechanical stabilizer achieves an immobile anastomotic area. 

Intracoronary shunts must be avoided due to potential risk and time consuming effects while 

positioning. Total occluded coronary lesions, especially on the LAD, are preferable for 

ACAB because the retrograde collateral circulation better supplies the anterior wall. After the 

left IMA (LIMA) is anastomosed to the LAD, the rest of the coronary targets can be 

revascularized easily and with more stability while the antegrade flow of the LAD reverses 

collateral circulation. The structure and characteristics of coronary artery lesion, which is 
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going to be bypassed and the target vessel quality can alter the decision of ACAB procedure 

pre- and intraoperatively. Coronary arteries requiring long anastomosis (> 1 cm) or 

endarterectomy (> 2 cm) are not suitable for ACAB. On the other hand both approaches can 

be performed if LAD is totally occluded and supplied by the retrograde blood flow. 

Complicated course of epicardial coronary arteries is an important relative indication to 

convert to conventional technique. Because coronary revascularization should be performed 

efficiently, coronary artery walls must be visible and accessible for a quick anastomosis. 

Aggressive dissection of intramyocardial vessel as well as redundant adipose tissue to find 

coronary arteries is a waste of time and increases the risk of ACAB. Visible epicardial 

coronary artery with a healthy segment for anastomosis must be preferred at the beginning of 

this new surgical procedure, with time and experience more complicated coronary arteries 

could be revascularized. 

 

Table 7. Indication and contraindication for ACAB 

 

Indications 

Anatomic 

 tracheal stenosis, previous tracheal operation 

 general posture (kyphoscoliosis, immobile neck, etc without a risk for insertion of a 

needle into vertebral space)  

Contraindication for general anesthetics with mechanical ventilation 

 severe chronic obstructive pulmonary disease 

 hepatic insufficiency 

Patient preference 

Contraindications 

Patient refusal 

Anatomic 

 high risk during insertion of needle (previous operations or infections of the cervical 

and upper thoracic spinal cord, osteosclerosis, etc) 

 congenital anomaly of spinal cord 

Cardiac 

 inappropriate coronary anatomy 

 left ventricular dilatation (CHF, LVD, LVA, etc) for multivessel bypass 

 acute myocardial infarction 

 hemodynamic instability 

 severe bradycardia or atrioventricular block 

 presence of any valvular pathology 

 concomitant procedures except carotid endarterectomy 

Neurologic 

Hematologic  

 risk for hemorrhage 

 bleeding disorders 

 heparin induced thrombocytopenia 

 contraindication to discontinue anticoagulant therapy (heparin, low-molecular-

weight heparin, warfarin, ticlopidine) 

 thrombolytic treatment 

Infection at the local site of injection 

Language barriers 

CHF = congestive heart failure; LVA = left ventricular aneurysm; LVD = left ventricular dysfunction. 
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Table 8. Selection criteria of coronary and cardiac status for ACAB 

 

Coronary anatomy 

Suitable for anastomosis 

 diameter > 1 mm 

 healthy vessel wall on the anastomotic side 

 subepicardial coronary vessel 

 no intra-myocardial course 

 no intra-adiposal course 

 no intra-adhesional course 

Plaque structure 

 non-long segment lesion (discrete occlusion) 

 non-complicated lesion (no calcification, no atherosclerotic plaque) 

 non-consecutive lesions (single stenosis) 

Adequate myocardial perfusion 

 preferably retrograde collateral circulation 

 suitable anastomotic area on the distal healthy coronary segment  

Cardiac functions 

Ventricular function 

 normal left ventricular function (LVEF > 50%) 

 limited regional left ventricular dysfunction  

 limited global left ventricular dysfunction (LVEF > 35% with hibernation) 

Valvular function 

 absence of aortic regurgitation 

 absence of mitral regurgitation 

 absence any other valvular stenotic pathology 

Sinus rhythm 

 

 

Cardiac Function 
 

Patients with preserved left ventricular function are the best candidates for ACAB. Single 

vessel revascularization (LIMA-LAD) can be performed even in the presence of severe left 

ventricular dysfunction.  

If cardiac chambers’ size is preserved, circumflex and/or RCA can be revascularized 

comfortably.  

Patients with left ventricular dysfunction can undergo multivessel revascularization 

safely if the left ventricle has not been enlarged. Patients with left ventricular enlargement 

with or without mitral valve insufficiency should undergo conventional CABG for 

multivessel revascularization.  

It is not reasonable to take patients with left ventricular dysfunction to ACAB operation 

with the support of any left ventricular assist device. 
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Table 9. Thoracic incisions in ACAB surgery 

 

Anterior approach 

Full median sternotomy 

 through standard skin incision 

 through limited skin incision 

Partial lower median ministernotomy 

 reversed J-inferior sternotomy (one-side) 

 mini T-sternotomy (double-side) 

Anterolateral approach 

anterior minithoracotomy 

Anteroinferior approach 

rib cage lifting technique 

subxiphoid approach  

Single vessel ACAB 

 full median sternotomy 

 reversed J-inferior sternotomy 

 anterior minithoracotomy 

 rib cage lifting technique 

 subxyphoid approach 

Multivessel ACAB 

 full median sternotomy 

 mini T-sternotomy 

 rib cage lifting technique 

 subxyphoid approach 

 

 

Operative Techniques  
 

Thoracic Incisions 
 

Access to surgical field is achieved via different thoracic incisions depending on the 

selected ACAB procedure (Table 9). Multivessel revascularization is performed mostly 

through full median sternotomy, whereas single vessel revascularization can be performed 

through partial inferior sternotomy or left anterior mini-thoracotomy (Table 10). However, 

the reversed-J sternotomy is the preferred approach for single vessel disease because it has a 

beneficial effect on pulmonary function as a result of well preserved superior thoracic 

aperture, especially intra-operatively. This may not be so apparent in patients undergoing 

intubation and general anesthesia but it is important in patients who would spontaneously 

breath throughout the operation.  

 

 

Median Sternotomy 
 

Median sternotomy remains the most widely used incision in coronary artery bypass 

surgery because it provides ideal access to all coronary arteries and appropriate manipulation 
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of the heart, which enables the surgeon to perform complete revascularization. It is also 

suitable for multivessel bypass surgery using bilateral IMAs. This technique is also the 

preferred approach in repeat sternotomies. There are several types of median sternotomy in 

coronary bypass surgery, and full median sternotomy through full midline incision is the main 

approach.  

 

Table 10. Recommendations for ACAB surgery in different situations 

 

Surgical approach Revascularization strategy Population Efficiency 

Full median 

sternotomy 

Complete revascularization with 

proximal anastomoses on the 

ascending aorta 

all patients suitable 

Mini-T median 

ministernotomy 

Complete revascularization with in 

situ arterial grafts (bilateral IMAs) 

all patients suitable 

Reversed-J partial 

lower sternotomy 

Single vessel revascularization using 

in situ arterial graft (LIMA-LAD) or 

(RIMA-RCA) 

all patients suitable 

H-graft technique 

through anterior 

mini thoracotomy 

Single vessel revascularization using 

in situ arterial graft (LIMA-RA-LAD) 

high-risk patients alternative 

(faster 

procedure) 

Rib cage lifting 

technique 

Complete revascularization with in 

situ arterial grafts (bilateral IMA’s) 

female patients alternative 

(cosmetic) 

Subxyphoid 

approach 

Single vessel revascularization using 

in situ arterial graft (RGEA-LAD) 

patients with 

severe pulmonary 

disease 

alternative 

IMA = internal mammary artery; LAD = left anterior descending artery; LIMA = left internal 

mammary artery; RA = radial artery; RCA = right coronary artery; RGEA = right gastro-epiploic 

artery; RIMA = right internal mammary artery. 

 

 

Full Median Sternotomy 
 

Full median sternotomy through full midline skin incision is the basic approach in ACAB 

surgery. The skin incision is initiated approximately 2 cm below the jugular notch and stops 

just above the xiphoid process. Full median sternotomy through a limited midline skin 

incision is a cosmetic approach where the midline skin incision starts at the level of 

sternomanubrial junction (the angle of Louis) and extends down to sternoxiphoidal junction 

for approximately 8 to 10 cm. Analgesia around the jugulum is achieved by HTEA whereas at 

the lower part (xiphoid area) can be achieved using local anesthetic injection. After the 

subcutaneous tissues and presternal fascia are incised with the electrocautery, the periostium 

of the sternum is cut straight in the midline. Using blunt finger dissection, a pathway is 

created beneath manubrium and xiphoid to avoid pneumothorax. The patient may feel pain 

and agitation during this maneuver, and a small additional dosage of general anesthetic can be 

used. It can also help the patient not to hear saw-noise during sternotomy. Sternotomy can be 

performed during the inspiratory phase of the respiration because both pleura are pulled out 

underneath the sternum (opposite general anesthesia). The nose plate of the sternal saw is 

hooked underneath the suprasternal ligament and the sternum is divided superior to inferior 

(in a cephalad to caudad direction). Upward lifting on the sternal saw allows safe passage and 
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helps avoiding injury to the underlying pleura. After hemostasis of the sternum, a sternal 

retractor is used to spread the two halves of the sternum and the blades are opened very gently 

to judge the pain tolerance of the patient. If the patient does not feel pain operation can be 

continued awake, but if the patient has agitation low dose sedation can be given. Before 

initiating IMA harvest, careful examination should be applied to observe any disruption on 

the both pleura causing pneumothorax. If there is a small hole it should be repaired primarily 

with or without catheter aspiration of the air in the pleural space. If the hole is irreparable the 

left pleura must be left open widely, which would cause total collapse of the left lung, but 

prevent the tension pneumothorax. An awake patient can tolerate the single lung respiration in 

absence of the tension pneumothorax. If the hole in the right pleura is irreparable the patient 

should be converted to the mechanical ventilation under the general anesthesia because of the 

additive risk of a new pneumothorax occurrence on the left side. If both pleura are opened the 

patient should be converted to the general anesthesia with no question. After harvesting of 

uni- or bilateral IMAs, a small sternal retractor is used to spread the two edges of the sternum 

and the pericardium is opened using longitudinal reverse Y-shaped incision. If pedicled 

graft(s) will be used, the pericardium must be left intact over the aorta. To place stay sutures 

at the both edges of the pericardium for exposure of the heart is advisable to avoid the 

displacement of the heart during respiration. However, caution must be exercised as deep 

pericardial sutures can cause pneumothorax.  

 

 

Partial Lower Median Sternotomy 
 

These techniques are used only with in situ arterial grafts, because it is very difficult to 

perform any proximal anastomosis on the ascending aorta. Different ministernotomy 

approaches aim to preserve the stability of the thoracic aperture for early and better 

postoperative recovery. Partial lower median sternotomy techniques avoid the invasiveness of 

full median sternotomy by preserving the upper part of the sternum and the continuity of the 

superior thoracic aperture, which are the basic components of the chest stability. The 

perceived advantages of these ministernotomy approaches include comfortable spontaneous 

breathing during surgery, better oxygenation due to sternal stability, and need for less amount 

of analgesia. Furthermore, these techniques also cause less chest tube drainage and 

transfusion requirements, shorter intensive care unit and hospital length of stay, cost 

effectiveness, quicky recovery and early return to work. Last but not the least most 

ministernotomy approaches are easily reproducible, with no need for learning curve. 

Furthermore, conversion to full sternotomy is more practical than the other small thoracotomy 

approaches. The incision can be easily and rapidly extended to a full sternotomy if technical 

problems are encountered or the exposure is not adequate. 

Reversed-J inferior sternotomy (one-side partial lower median ministernotomy) is the 

best alternative for single vessel ACAB surgery. This approach provides good access to the 

entire course of the LIMA. The pleural cavity is not opened, so spontaneous respiration 

during surgery is not impaired. It is not necessary to use local anesthetics during sternotomy, 

and pain around the xiphoid can be prevented while the head of operation table is lifted 

upwards (< 30º) so as to spread sensory blockade covering lower part of sternum. The midline 

skin incision begins at the level of sternomanubrial junction (second rib; angle of Louis) and 

extends down to the xiphoid process accounting for approximately 10 to 12 cm. Using blunt 
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finger dissection, a pathway is created below the xiphoid following which the nose plate of 

the sternal saw is hooked underneath it. If this maneuver causes pain or agitation an additional 

anesthetic can be given, but it is usually uneventful. The sternum is divided from xiphoid to 

the second intercostal space in a down to up (caudad to cephalad) direction, and the sternum 

is transected obliquely to the left side at the level of the second intercostal space with great 

caution not to damage the LIMA. Upward lifting on the sternal saw allows safe passage and 

helps to avoid any injury to the underlying pleura. After hemostasis of the sternum, an IMA 

retractor is used to retract the left half of the sternum. The surgeon should act very gently on 

the left pleura and more importantly the mid-part of the LIMA. During lifting the left 

hemithorax, the LIMA may be stretched at the second and third intercostal spaces which can 

damage the artery and both the second and third side branches of the LIMA should be divided 

first to mobilize the graft and to avoid stretch injury. Because heart occupies more space in 

the left hemithorax, it is more difficult to injure the left pleura during the reverse J 

sternotomy. If there is a hole in the left pleura it should be repaired primarily or it must be left 

open widely. However, if the right pleura is already disrupted and it is impossible to repair it, 

then the rest of operation should be completed under general anesthesia. After harvesting the 

LIMA, a small sternal retractor is used to spread the two halves of the sternum and the 

pericardium is opened above the course of the LAD. It is not necessary to place any 

pericardial stay suture for exposure of the heart. 

Mini T-sternotomy (double-side partial lower median ministernotomy) is a new 

alternative to full median sternotomy with good exposure of all coronary arteries and bilateral 

IMAs in ACAB surgery [50]. Continuity of the upper sternum is helpful to the patient during 

spontaneous breathing. The vertical skin incision is extended from the angle of Louis to the 

xiphoid process. Using blunt finger dissection, a plane is created below the xiphoid and the 

nose plate of the sternal saw is hooked underneath the xiphoid. If this maneuver causes pain 

or agitation an additional anesthetic can be given, but it is mostly uneventful. It is not 

necessary to use local anesthetics during sternotomy, sensory blockade covering lower part of 

the sternum is achieved while the head of operation table is lifted upwards (< 30º). The 

midline sternotomy is started from the xiphoid process and extended to the level of the second 

intercostal space. Manubrium is left intact and sternum is cut bilaterally (in a T-shaped 

manner) at the second intercostal space level. The conduct of the remaining procedure is 

similar to operating via full median sternotomy approach. After harvesting of bilateral IMAs, 

a small sternal retractor is used to spread the two halves of the sternum and the pericardium is 

opened using longitudinal reverse Y-shaped incision. It is unadvisable to place any pericardial 

stay sutures. 

 

 

Anterior Mini-Thoracotomy 
 

The most important goal of the left anterior mini-thoracotomy is to avoid sternotomy and 

its related complications. But in ACAB surgery, classic mini-thoracotomy is not the preferred 

method because the left pleura can be injured frequently and the left lung collapses in most of 

the cases. To begin the ACAB operation with single lung respiration is not a feasible and 

preferable approach in spite of the fact that most patients can tolerate it. If this approach is 

preferred a 6 to 8 cm left anterolateral mini-thoracotomy through the left fourth intercostal 

space is performed. Excessive rib spreading must be avoided to prevent dislocation or fracture 
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of the ribs, and also resection of any costal cartilage with/without a small part of the fourth rib 

is unnecessary. Every effort should be made not to open the left pleura. Very gentle blunt 

finger dissection can help to peel the attached left pleura backwards and to prevent any 

openings in the pleura. Secondly, using a radial artery to construct a composite graft can 

simplify the procedure and prevent pneumothorax. Thirdly, the fat pad over the pericardium 

is displaced backwards to prevent any tension on the pleura. Finally, harvesting LIMA must 

be limited proximally until the second intercostal branch to avoid pneumothorax. After 

harvesting LIMA, a small costal retractor or a self-retaining retractor is used to spread the 

upper and lower ribs and the pericardium is opened above the course of the LAD. Different 

from the other ACAB techniques, traction sutures are placed on the pericardium and pulled 

through the incision to avoid the displacement of the heart during respiration. 

Another alternative is the H-graft technique through the anterior mini-thoracotomy. H-

graft technique is considered to be suitable in the awake setting because there is no necessity 

for complete IMA dissection and thus opening of the pleural cavity. The operative time also 

seems to be shorter, which is an important factor in ACAB surgery. The disadvantages of this 

approach are a second incision for harvesting the left radial artery, a second anastomosis for 

the attachment of the free arterial graft onto the LIMA, and the potential for diversion of 

significant LIMA flow to noncoronary vascular beds (steal syndrome). A 5 to 6 cm left 

anterior skin incision above the fourth rib is performed, and the pectoralis muscle is divided 

and the exposed costal cartilage is removed by extrapleural disarticulation at the 

chondrosternal joint. The removed rib is never reimplanted. 

 

 

Rib-cage Lifting Technique 
 

This alternative technique preserves whole chest wall integrity while it permits bilateral 

IMA harvest and the target vessel anastomosis. This technique is risk-free for pneumothorax 

and it can be used in patients with severe pulmonary dysfunction. However, it is a technically 

demanding procedure and requires considerable experience. Rib cage retraction may cause 

increased pain in upper abdomen through traction of the muscles in the spontaneously 

breathing patient, which limits the use of this approach. The best advantage is superior 

cosmetic result, especially female patients. As Karagoz et al. [30] first described, an 8-10 cm 

skin incision is made 1 cm above the level of the xiphoid process and coursing parallel and 1 

cm above the left (or bilateral for multivessel bypass) costal margin. A few centimeters of 

skin are undermined above and below the incision. The linea alba is left intact and the rib 

cage is freed from its attachments to the rectus abdominis muscle. An inferior ministernotomy 

is performed, which starts from the edge of the xiphoid process and ends at the fifth 

intercostal space. A single Favaloro retractor is used to lift the left rib cage, pulling the left rib 

cage toward the patient’s left shoulder. The left IMA (or bilateral) can be harvested up to the 

level of the subclavian vein. The first branch can be left intact to prevent aggressive 

dissection and pneumothorax. This technique allows extrapleural dissection of the LIMA. The 

space to handle the pericardial cavity is large enough to perform coronary anastomosis with 

any kind of stabilization. While this technique is suitable for revascularization of LAD or 

RCA, revascularization of diagonal and the circumflex branches seems to be difficult.  
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Subxiphoid Approach 
 

Another alternative technique has been developed by Watanabe et al. [33] for patients 

with severe pulmonary dysfunction, which involves absolutely no sternotomy and eliminates 

the risk of intraoperatively pneumothorax. The right gastro-epiploic artery (RGEA) is used as 

the pedicled arterial graft. After approximately 8 cm subxiphoid vertical incision is made, 

only the xiphoid process at the lower end of the sternum is excised. Then, a mini-laparotomy 

is performed under the same surgical field and a hole through the diaphragm is made as small 

as possible. Harvesting the RGEA graft through this incision in the upper abdomen is painless 

and obviates the possible problem of respiratory depression. The pericardium over the LAD is 

incised for anastomosis. While this technique is suitable for revascularization of the LAD and 

RCA, revascularization of the other coronary arteries seems to be difficult. 

 

 

Harvesting Bypass Conduits 
 

Internal Mammary Artery 
 

The IMA has proven to be the gold standard conduit in CABG and it is the best available 

arterial graft in ACAB surgery. The patency of the in situ IMA graft is better than 90% at 20 

years, whereas a free IMA graft has lower patency rate. The LIMA or right IMA (RIMA) 

should be used as the graft of choice to LAD while the second IMA can be used as the second 

arterial graft to circumflex or RCA. Harvesting IMA without significant injury is the main 

goal in ACAB surgery, because IMA is a very delicate vessel and it can be injured easily 

during harvesting. The technique is similar through sternotomy or anterior mini-thoracotomy 

with some technical variations. In all operations, 5,000 IU of heparin is given for 

anticoagulation at the beginning of IMA harvest, which is not reversed with protamine at the 

end of the operation. 

Harvesting LIMA through full median sternotomy in ACAB surgery is similar in 

conventional technique with some differences. First, the spontaneous respiration and cough 

can make harvesting challenging because of rhythmic motion of pleura and diaphragm. 

Pleural surface moves toward the midline during inspiration in mechanical ventilation, 

whereas the reverse occurs during spontaneous respiration. The surgeon must be an expert for 

harvesting LIMA in paralyzed patients, because harvesting IMA in a spontaneously breathing 

patient needs a learning curve. Second, collapse of a single lung or tension pneumothorax 

after sternotomy can hinder harvesting LIMA in awake patients. In case of a hole in the 

pleura, repair of the pleural injury must be attempted first. However, if it is not possible the 

pleura is opened widely. These maneuvers can prevent hypoxia and hypercapnia, and the 

patient can tolerate rest of the procedure very well. Third, the surgeon must preserve the left 

pleura intact and an extra-pleural approach should be applied very diligently. Fourth, a 

nontraumatized LIMA should be harvested without any injury (hematoma, dissection, 

rupture) caused by electrocautery, scissors or any dissector. Excessive traction, stretching, 

clamping or misplaced metal clips during harvesting should be avoided. Fifth, skeletonization 

or semiskeletonization techniques should be preferred in spite of these techniques being 

technically more demanding and time-consuming. The advantages are increasing luminal 
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diameter with better flow, providing a longer graft, allowing more distal anastomoses and 

sequential grafting. Furthermore, the degree of sternal ischemia produced by LIMA harvest is 

decreased after skeletonization technique and especially when the distal bifurcation is 

preserved. 

Through full median sternotomy, a Favaloro retractor is used to elevate the left sternal 

half. The left sternal half is elevated partially followed by the lose areolar tissue with pleural 

reflection immediately posterior to the sternum being dissected away and pushed down using 

a low thermal cautery setting until the course of the LIMA is identified from its origin near 

the first intercostal space to its bifurcation (lateral musculophrenic and superior epigastric 

branches) at the sixth intercostal space. These tissues must never be peeled from the chest 

wall with a sterile gauze, because this maneuver can cause wide pleural opening. After full 

elevation of the left sternal half, the LIMA is palpated and an initial small incision ( 1 cm) of 

the endothoracic fascia is performed using electrocautery along the medial side of the 

accompanying internal thoracic vein at the fourth rib. Then the endothoracic fascia is taken 

down and incised by the electrocautery or a scissors proximally and distally along the full 

length of the LIMA. The lateral incision is not necessary. The edge of the endothoracic fascia 

is then grasped with a forceps and the LIMA is harvested using the tip of the cold cautery as a 

dissector to depress and dissect the graft. Major branches are ligated with double hemostatic 

clips and divided by a scissors, and the small branches are divided by electrocautery. Then the 

LIMA with surrounding thin tissue is easily separated from the endothoracic fascia while both 

internal thoracic veins are left intact at the chest wall. Surrounding thin tissue can facilitate 

handling the LIMA. The LIMA is left intact and wrapped in a papaverine-soaked sponge until 

distal anastomosis is performed. 

Through the lower reversed-J median sternotomy, harvesting of the LIMA takes a few 

minutes without any difficulty (Figure 1). A Favaloro retractor is used to elevate the left 

hemisternum partially until the course of the LIMA is identified near the second intercostal 

space (Figure 2). Continuation of elevating the left hemisternum over stretches the LIMA and 

may cause rupture or dissection. Before the retractor is elevated completely, the lose areolar 

tissue with pleural reflection immediately posterior to the sternum is dissected away and 

pushed down using a low cautery setting. The second side-branch of the LIMA should be 

divided first to prevent stretching, rupture or dissection of the LIMA during the elevation of 

the left hemisternum (Figure 3). After full elevation of the left sternal half, the LIMA is 

palpated and an initial small incision ( 1 cm) of the endothoracic fascia is performed by 

electrocautery along the medial side of the accompanying internal thoracic vein at the fourth 

rib. The edge of the endothoracic fascia is then grasped with a forceps and the LIMA is 

harvested using the tip of the cold cautery as a dissector to depress and dissect the graft 

(Figure 4). Major branches are ligated with double hemostatic clips and divided by a scissors, 

and the small branches are divided by electrocautery (Figure 5). The LIMA is mobilized 

distally as described above without any risk of pneumothorax because the parietal pleura is 

far from the sternum above the left heart (Figure 6). The first side-branch can also be divided 

to avoid any possible steal phenomenon from the LIMA flow. 
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Figure 1. Intraoperative view of the surgical team during harvesting of the left internal mammary artery 

via reversed-J partial lower sternotomy technique. 

 

Figure 2. After the loose areolar tissue with pleural reflection immediately posterior to the sternum are 

dissected away and pushed down, the course of the left internal mammary artery is identified. 
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Figure 3. The second side-branch of the left internal mammary artery (LIMA) should be divided first to 

prevent stretching, rupture or dissection of the LIMA during the elevation of the left hemisternum. 

 

Figure 4. The edge of the endothoracic fascia is grasped with a forceps and the left internal mammary 

artery is harvested using the tip of the cold cautery as a dissector to depress and dissect the graft. 

Through the anterior mini-thoracotomy, LIMA can be harvested as in the median 

sternotomy approach or it is left untouched to be used as an inflow for H-graft technique. In 

classic technique, the surgeon exposes the left pleural space to the atmosphere and the left 

lung collapses totally, which cannot have adverse effect on the spontaneous respiration and 

ACAB procedure is to be continued complication-free. On the other hand, the H-graft 

technique avoids pneumothorax because of the extra-pleural nature of this approach. The 

LIMA lies immediately deep to the cartilage such that a 1.5 to 2 cm segment of the vessel is 

thereby exposed. All branches of the LIMA are left intact because there is no dissection of the 

LIMA from the thoracic wall. In the original technique, a 3 to 8 cm segment of the right 
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inferior epigastric artery is attached proximally end-to-side to the LIMA.
 
[51] But, a short 

segment of the left radial artery is the best alternative for this technique in ACAB surgery 

because HTEA covers both arms. The left radial artery is dissected through a small 5 cm 

incision with standard technique and a 6 to 7 cm long radial artery is harvested and preserved 

in a special solution. After completion of the distal anastomosis, the radial artery is bridged to 

the side of the in situ LIMA at the area exposed. 

 

 

Figure 5. Ligation of major branches with double hemostatic clips. 

 

Figure 6. Harvesting of full length of the left internal mammary artery until its bifurcation (lateral 

musculophrenic and superior epigastric branches) at the sixth intercostal space.  
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Harvesting Radial Artery 
 

Extension of sensory and motor block provided by HTEA to C5 level is sufficient to 

harvest the radial artery without additional subcutaneous infiltration of local anesthetic agent 

or regional block. If it is necessary musculocutaneous nerve block, axillary block or local 

anesthetic agents can be used. If motor blockade is insufficient patients may move their 

arms/forearms during harvesting. Advising the patient to keep the hand still and reassuring 

him are quite effective in preventing further movements. The arm is abducted to 80 degrees 

and under sterile conditions prepared and draped. Radial artery is dissected through a small or 

conventional incision with standard technique depending on the ACAB procedure and 

preserved in verapamil-nitroglycerin solution.
 
[52] 

 

 

Saphenous Vein 
 

If there is a clear contraindication to harvest an arterial graft, saphenous vein can be used 

as an alternative or additional graft in ACAB surgery. Combined HTEA with local or regional 

anesthetics is an effective approach for saphenous vein harvest. Use of lumbar epidural 

anesthesia, lumbar subarachnoid block, or femoral block in addition to HTEA can be chosen 

to facilitate harvesting of vein graft. If the leg incision is made after harvesting arterial grafts, 

sensory block in the lower limbs may be sufficient due to diffusion of local anesthetic agents 

across the dural membrane, which allows vein harvesting without any additional anesthesia. 

Conventional technique is preferred to harvest saphenous vein graft. 

 

 

Coronary Anastomosis 
 

Using a mechanical or suction stabilizer is the best choice to stabilize the heart during 

ACAB. Pericardial stay sutures can be used to lift the heart and get better access. Sponges are 

also placed under the heart, but this maneuver can cause discomfort to patients with signs of 

cough, agitation and dyspnea. All anastomoses are performed with the standard beating heart 

bypass technique using a blower system to visualize the anastomosis site. All anastomoses are 

carried out with 7-0 or 8-0 polypropylene sutures in a continuous fashion, which should not 

take more than 10 minutes. A mechanical or vacuum assisted stabilizer and soft silicone 

elastomer
 
tapes can be used to stabilize and

 
occlude coronary arteries.

 
Exposure of the 

postero-lateral
 
and inferior walls of the heart is accomplished by apical stabilization devices. 

First the LAD artery is revascularized, and than the others. In situ arterial grafts are 

anastomozed and coronary blood flow is restored before free graft anastomoses. Usage of any 

intraluminal shunt is unnecessary.  

 

 

Single Vessel Revascularization 
 

In single vessel revascularization (LIMA-LAD) through full sternotomy, the sternum
 
is 

spread with
 
a retractor and the pericardium is opened to expose the LAD leaving the 
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pericardium over the aorta intact. It is not proposed to use any traction suture to avoid the 

displacement of the heart and to get better exposure of the LAD. The pericardium does not 

usually block the exposure because it moves both laterally during spontaneously breathing. A 

sterile gauze may be put under the heart to move it anteriorly for better exposure of the LAD, 

but this maneuver causes a mild discomfort to the patient. The most comfortable way is to use 

a stabilizer, which holds the LAD area immobile and visible during LIMA-LAD anastomosis.  

 

 

Figure 7. Positioning a mechanical stabilizer for left internal mammary artery to left anterior 

descending artery anastomosis through the reversed-J partial lower sternotomy.  

In single vessel revascularization (LIMA-LAD) through the reversed-J inferior 

sternotomy, the sternum
 
is spread with

 
a small retractor. Because the left hemisternum is 

pushed to the left, the left ventricle lies directly under the exposure area through the sternal 

retractor and it is very easy to open the pericardium for 6 to 8 cm only above the LAD. A 

traction suture can be placed deeply on the left pericardium and pulled through the incision to 

avoid the displacement of the heart during respiration. The LIMA-LAD anastomosis can be 

performed with or without the aid of a stabilizer, which holds the LAD area immobile and 

visible during LIMA-LAD anastomosis (Figure 7). 

In single vessel revascularization (LIMA-LAD) through anterior mini-thoracotomy, a 

self-retaining retractor
 
or a small thoracic retractor is used to spread both upper and lower 

ribs. The pericardium is opened just enough to expose the LAD. Traction sutures are placed 

on the pericardium and pulled through the incision to avoid the displacement of the heart 

during respiration. The heart can be stabilized with a stabilizer or epicardial pledget-armed 

sutures or only LAD is immobilized using two heavy U sutures buttressed with Teflon felt, 

which are placed at 1.5 to 2 cm apart and at either side of the LAD. These sutures are pulled 

through incision appropriately, to pull the anastomosis territory into sight, and to diminish 

cardiac displacement. With these sutures pulled up, the heart becomes wedged to the 
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thoracotomy and stabilizes itself. In conventional technique, the LIMA is anastomozed 

directly to the LAD in end-to-side fashion. In H-graft technique, the distal end of the radial 

artery graft is anastomozed end-to-side to the LAD and its proximal end is anastomozed end-

to-side to the in situ LIMA at the thorax. 

In single vessel revascularization (LIMA-LAD) with rib cage lifting technique, a small 

pediatric sternal retractor
 
is used to lift the rib cage. After the pericardium is opened stay 

sutures are placed into the left cavity of the pericardium and pulled upward and anteriorly 

through the incision to elevate the heart and to expose the middle and distal parts of the LAD. 

 

 

Multivessel Revascularization 
 

After completion of the LAD revascularization with the in situ IMA, both native LAD 

and graft flows are restored by releasing the occluded LAD and the microvascular bulldog 

clamp on the IMA. If the second in situ IMA graft is used for the next dominant coronary 

artery revascularization, the free arterial and/or venous grafts are anastomozed to the third or 

other coronary arteries. Except LAD and RCA double vessel revascularization, the LIMA 

should be directed to the circumflex territory whereas the RIMA is anastomozed to the LAD 

in the multivessel revascularization procedures (because the patency rate of the IMA is better 

in circumflex territory than RCA). Most of the time, it is not suitable to take the RIMA 

through the transverse sinus to the circumflex branches.  

After completion of the RIMA-LAD anastomosis in patients with double vessel disease 

(LAD and circumflex), the patient is placed in a mild Trendelenburg position to facilitate 

rotation of the heart as well as to increase venous filling to maintain cardiac output just before 

circumflex anastomosis. Moderate right lateral decubitus positioning at 30 degree of the 

operation table allows for gravity-assisted rotation of the heart rightward. Exposure of the 

postero-lateral
 
wall is then accomplished by apical stabilization devices. The apex of the heart 

is rotated toward the patient’s
 
right and hold just above the right arm of the sternal retractor. 

Manipulation and rotation of the heart can cause discomfort with varying degrees. Positioning 

of the heart for the LIMA-circumflex anastomosis is less problematic. A metal stabilizer with 

or without soft silicone elastomer
 
tapes is used to stabilize and

 
occlude the circumflex-branch, 

and distal anastomosis is performed with the standard beating heart technique. The RIMA is 

suitable on RCA in patients with double vessel disease (LAD and RCA), but it cannot be long 

enough to access the distal branches, like posterior descending artery (PDA). If these patients 

have distal RCA lesion, it is better to choose a free graft to revascularize the PDA or left 

ventricular branch of the RCA. 

A free graft is anastomozed to the RCA in patients with triple vessel disease after 

completion of RIMA-LAD and LIMA-circumflex anastomoses. Exposure of the inferior
 
wall 

is accomplished by pulling up the apex of the heart. The apex of the heart is rotated toward 

the patient’s
 
left shoulder and placed just above the left arm of the sternal retractor. A metal 

stabilizer and soft silicone elastomer
 
tapes are used to stabilize and

 
occlude the PDA and 

anastomosis is performed with the standard beating heart bypass technique. Proximal 

anastomosis is performed with or without new technical devices. 
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Finishing the Operation 
 

After all anastomoses, a careful inspection should be made to control any anastomotic 

bleeding, correct graft kinking or stretching, assess arterial graft flow, possible spasm, and 

myocardial dysfunction (Figure 8). If there is no problem, then the sternum or thoracotomy 

incision can be closed. Chest drainage tubes are inserted. The important point is not to leave 

any pneumothorax. The rest of the operation is similar to the conventional technique. 

 

 

Figure 8. Careful assessment for any minimal anastomotic bleeding, graft kinking or stretching, arterial 

graft flow and possible spasm, and myocardial dysfunction. 

 

Management of Intraoperative Complications 
 

Intraoperative Irritability 
 

Adequate analgesia, good sedation, and anxiolysis are important components of a 

successful HTEA. It is preferable to have an awake calm patient who is pain-free. The 

discomfort of patients causes hyperventilation, cough, body movements, and irritability which 

affect surgeons as well and make procedure difficult. The discomfort can be prevented with 

administration of midazolam (0.07 mg/kg) intravenously with/without assisted ventilation. 

 

 

Intraoperative Pneumothorax 
 

Maintaining the intact pleura is the most important issue during ACAB procedure and 

pneumothorax caused by pleural damage is the biggest obstacle. Pneumothorax prevents 

spontaneous breathing and causes respiratory distress due to retention of carbon dioxide, 
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paradoxical thoracic movement and restricted lung expansion. The thoracic movements 

related to tachypnea further complicate the surgical procedures. Several stages of awake 

revascularization have the risk of iatrogenic pleural damage or spontaneous opening of 

pleura. It occurs most commonly during sternotomy, while harvesting uni- or bilateral IMA, 

and placing pericardial traction sutures. Because of the anatomical position of the heart 

deviated more to the left in the thorax, it is more difficult to open the left pleura during the 

reverse-J sternotomy as the left pleura is not attached to the lower part of the sternum. The 

other important step to avoid iatrogenic pneumothorax is to limit using deep pericardial 

traction sutures, which may cause unexpected small hole on the pleura. If pleural damage 

occurs, purse string suturing and closure of the hole on the pleura may be tried while simple 

aspiration with continuous negative pressure is administered through pleural tear. However, 

suturing is very difficult because the damaged pleura is very thin and delicate, besides 

challenging due to respiratory movements. A novel closure method using polyglycolic acid 

nonwoven fabric and fibrin glue has been offered to prevent intra-operative pneumothorax in 

ACAB surgery, which achieves a strong closure with sufficient durability on the moving thin 

pleura regardless of the defect size.
 
[53] If repair of the breach in the pleura may not be 

possible, opening the damaged pleura completely is the only way to avoid tension 

pneumothorax. The last suggestion is to do nothing to treat pneumothorax if oxygen 

saturation and hemodynamic performance are unaffected. Unilateral widely opened pleura is 

not necessarily a reason for conversion to general anesthesia, but bilateral opened pleurae 

cannot be tolerated by a conscious patient. Endotracheal intubation and mechanical 

ventilation is required if pneumothorax cannot be managed effectively and if adequate 

oxygenation and carbon dioxide elimination is not possible. 

 

 

Stretching or Distortion of Pedicled Arterial Grafts 
 

After anastomoses of both IMAs, all thymic and adipose tissues are cut off to imbed both 

grafts under the apical part of the left lung. The LIMA reaches the LAD easily without the 

incision of the left pericardium. The length of the RIMA is also adequate to revascularize 

LAD, and it is not necessary to incise the right pericardium.  

If the LIMA is anastomozed to the circumflex territory, the left pericardium is incised 10 

mm left of the pulmonary artery and the incision is carefully lengthened 4-5 cm down parallel 

to the left phrenic nerve. This maneuver increases the usable length of the LIMA and allows 

the LIMA to lie intrapericardially as its courses to the circumflex branches. Because the 

LIMA now lies medial and posterior to the lung, altered respiration does not produce any 

distortion or stretching of the LIMA.  

If the RIMA is utilized for the right coronary system, the pericardium is wedged 10 mm 

right of the aorta and the incision is carefully lengthened 4-5 cm down parallel to the right 

phrenic nerve and vena cava superior. This maneuver allows the RIMA to lie 

intrapericardially as it courses onto the right coronary artery branches. Because the RIMA 

now lies medial and posterior to the lung, altered respiration does not cause any distortion or 

stretching of the RIMA.  
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Conversion to General Anesthesia 
 

Patients experiencing significant hypoxia or discomfort during ACAB procedures will 

require ventilator assistance. Due to complete epidural block, intercostal muscles are 

denervated and respiratory effort is only through the diaphragm. Patients with severe chronic 

obstructive pulmonary disease are more likely tolerate HTEA better because they are 

accustomed to hypercapnia and hypoxia. The main reasons to convert to general anesthesia 

are ineffective HTEA, respiratory distress caused by pneumothorax, hemodynamic instability, 

and difficult anatomy of coronary arteries (Table 11). Noninvasive ventilation like continuous 

positive airway pressure support is administered first. If clinical improvement is not observed 

conversion to general anesthesia is performed and an endotracheal tube is inserted. Tube 

insertion is carried out in a similar manner as in elective cases as upper airway and cough 

reflexes are intact.  

 

 

Conversion to Full Median Sternotomy 
 

Partial lower sternotomy techniques can minimize surgical trauma while providing 

optimum exposure to coronary arteries, whereas the main drawback is access to the ascending 

aorta. Conversion to full median sternotomy becomes unavoidable if cardiopulmonary 

support is required due to technical problems or a proximal anastomosis is necessary. The 

incision can be easily and rapidly extended to a full sternotomy if technical problems are 

encountered or the exposure is inadequate. Surgeons should keep in mind that the sternal saw 

should be preserved sterile until the end of the operation because it is not suitable and safe to 

wait for the second to extend the mini-sternotomy. 

 

Table 11. Reasons of conversion to general anesthesia 

 

 Inadequate epidural anesthesia 

 Diaphragmatic paralysis 

 Bilateral pneumothorax 

 Respiratory distress caused by pneumothorax 

 Inability to harvest internal mammary artery 

 Inadequate anatomy of coronary arteries 

 Deteriorating hemodynamic parameters 

 Uncontrolled arrhythmias 

 Uncontrolled hypoventilation 

 Uncontrolled coughing 

 Uncontrolled irritability  

 Signs of hypercapnia or dyspnea 

 Local anesthesia intoxication 
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Postoperative Fast-track Recovery 
 

Patients can be mobilized immediately after arrival to intensive care unit and allowed to 

speak, drink or walk much earlier compared to conventional technique. Since there is no 

pharyngeal pain or trauma associated with endotracheal intubation, aspiration would not be 

observed during early postoperative period. Patients may be managed in an intermediate care 

unit before being discharged to the ward. After an uneventful operation, hemodynamically 

stable patients can also be transferred to the ward directly. Patients are able to return to 

normal daily activities a few days after surgery, and they can be discharged from hospital in a 

shorter time, even on the same day of surgery. Generally, it seems more feasible to discharge 

patients from the hospital on the second postoperative day. Avoidance of intensive care unit 

stay and shorter hospital stay translates into significant reduction in hospital costs. Patients 

can return to normal daily life more quickly than patients operated on with conventional 

CABG procedure. Especially, this recovery is more obvious for patients operated with 

reversed-J mini-sternotomy or anterior mini-thoracotomy. They can continue to perform 

normal daily life activities and return to work one week after the operation. These minimal 

invasive approaches provide better intraoperative oxygenation, less mediastinal drainage, and 

almost negligible transfusion requirements.  

 

 

Early Clinical Results 
 

Clinical studies including different ACAB approaches show that the early postoperative 

course is very smooth and flawless. None of the investigators have observed any 

intraoperative electrocardiographic changes, myocardial ischemia or infarction, or conversion 

to the conventional technique because of incomplete or unsuccessful coronary artery 

anastomosis. Requiring unplanned coronary endarterectomy is very seldom, but it can be 

performed without any myocardial ischemia and/or arrhythmia. The intraoperative heart rate 

decreases significantly to the levels (55-65 beats/min) where distal anastomoses can be 

performed comfortably. Mean systolic arterial pressure is generally maintained at the optimal 

level (100-120 mmHg) and it only decreases during manipulation of the heart. 

During surgery, patients are provided with oxygen through a face mask to maintain 

oxygen saturation level consistently more than 95% as measured by pulse oxymetry. Patients, 

who are operated on without full median sternotomy for single vessel disease, can tolerate the 

procedure without hypoxia, and only mild hypercapnia (45-50 mmHg) may be observed 

intraoperatively which resolves immediately after sternal closure. Partial arterial carbon 

dioxide level can be higher (45-55 mmHg) during full sternotomy for multivessel 

revascularization, but it is not a reason for conversion to the general anesthesia. The main 

reason for intraoperative respiratory distress is pneumothorax, which may develop due to 

injury of the pleura iatrogenically or spontaneously. A hole in the pleura may occur in 

approximately one-third (30% - 35%) of the patients, but a half of these defects can be 

repaired easily. The pleura can be left wide open without any difficulty approximately in one-

sixth of the patients (15% - 20%), while conversion to general anesthesia is observed 

infrequently (0% - 5%). 
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Once learning curve is over, operation times decrease significantly to the levels similar 

for conventional techniques. The operation time skin to skin can be approximately 90 minutes 

for single vessel revascularization and 180 minutes for multivessel revascularization. If 

patients get transferred directly to ward, they can be discharged as early as the same day of 

surgery (range 0 to 3 days for single vessel revascularization through ministernotomy or 

minithoracotomy, but it can be longer for full sternotomy or multivessel revascularization). 

The main rule is to shorten all stages of the procedure as much as possible without any fear.  

These techniques include all minimal invasive maneuvers and surgeons should stay 

focused and very careful during the entire procedure. Attention to detail and precision results 

in lowering chest tube drainage and requirement for blood products, which in return shortens 

hospital length of stay and also prevents possible complications related to mediastinal 

drainage or transfusion. The mean drainage may be as low as 300 mL and chest tubes may be 

removed in 12 hours. 

 

 

Conclusion 
 

Combining advanced anesthetic and high-level surgical competence, this alternative 

surgical revascularization opens the door of surgical treatment for patients in whom 

conventional general anesthesia is not suitable. Like every new technique, ACAB surgery 

introduces new challenges into routine practice of anesthesiologists, surgeons, and other 

operating room staff. The program of ACAB surgery should be developed step-by-step. 

ACAB like any other surgical procedure has a learning curve. Once it is successfully 

negotiated, it can be safely offered to a vast array of patient subgroups.  
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