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Introduction

Minimally invasive coronary artery by-
pass grafting (CABG) is becoming a wide-
spread surgical strategy. These procedures
allow for the avoidance of cardiopulmonary
bypass performing coronary artery anasto-
moses on the beating heart (off-pump
CABG) and/or are characterized by the uti-
lization of small surgical incisions (mini-
mally invasive direct coronary artery bypass
techniques, and port-access technology)1.

However, these minimally invasive op-
erations are still invasive in that they neces-
sitate the use of general anesthesia and the
positioning of various indwelling catheters
and tubes. 

This report describes our first experi-
ence in performing CABG in an even less
invasive way.

Case report

A 70-year-old man with a previous my-
ocardial infarction and single vessel coro-
nary artery disease (critical stenosis of the
left anterior descending coronary artery in-
volving the first diagonal branch) causing
angina (CCS class 2) and left ventricular
dysfunction (left ventricular ejection frac-
tion 0.30, NYHA functional class III) un-
derwent off-pump CABG using thoracic

epidural anesthesia without intubation.
Chronic obstructive pulmonary disease and
subcritical bilateral carotid artery stenoses
were the preoperative extracardiac comor-
bidities. His EuroSCORE was 8 (95% con-
fidence interval for the expected mortality
10.93 to 11.54%)2.

Thoracic epidural anesthesia without in-
tubation. High thoracic epidural anesthe-
sia was used to achieve somatosensory and
motor block between T1 and T8. The upper
permissible level of block was C6, which
was monitored by ensuring that the patient
did not present with any symptom compat-
ible with Horner’s syndrome.

One hour before cardiac surgery, in the
operative room, the patient was placed in a
seated position and an 18G flexible-tip
catheter (Brawn, Melsingen, Germany)
was inserted through a Tuohy needle at the
interspace between C7 and T1, employing
the median approach and the loss-of-resis-
tance technique. The catheter was directed
cranially and advanced 3 to 4 cm within the
epidural space. Having confirmed the cor-
rect position of the catheter by the trans-
catheter administration of a test dose of 2.5
ml of lidocaine (2%) (Astra Farmaceutici,
Milan, Italy), 5 ml of epidural anesthetic
solution (Table I) were injected within the
epidural space in bolus. Fifteen minutes
later, the level of block was assessed by
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Minimally invasive coronary artery surgery is nowadays considered a safe surgical strategy. We
report a case of a 70-year-old man with a high operative risk who underwent off-pump coronary
artery bypass grafting using only high thoracic epidural anesthesia without intubation. The patient
well tolerated each phase of the operation. The effect of the movement of the chest wall and the heart
during spontaneous respiration did not influence the conduction of the operation. The postoperative
course of the patient was uneventful. At follow-up the patient was asymptomatic. Repeat coronary ar-
teriography and echocardiography respectively confirmed the patency of the anastomoses and the
improvement of the left ventricular performance. In carefully selected cases thoracic epidural anes-
thesia for off-pump coronary artery bypass grafting in spontaneously breathing conscious patients is
feasible and may offer many benefits.
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means of the method of temperature and pinprick dis-
crimination. Continuous infusion (0.1 ml/kg/hour) of
epidural anesthetic solution was used both to maintain
the somatosensory block and to achieve motor block of
the intercostal muscles whilst preserving diaphragmat-
ic respiration. The total volume of epidural anesthetic
solution used was 29 ml.

Throughout the operation, the patient spontaneous-
ly breathed oxygen delivered through a nasal mask. He
was draped in such a way that the anesthesiologist had
free and unrestricted access to the patient’s head and
neck. This was necessary so as to be able to proceed to
immediate tracheal intubation in case of any emer-
gency. No muscle relaxants or general anesthetics were
used. The patient’s conditions were continuously mon-
itored by means of electrocardiography (leads DII and
V6) and the direct determination of arterial pressure,
central venous pressure, pulse oxymetry, and urine out-
put was obtained. The partial carbon dioxide tension
and base excess were measured extemporaneously in
the arterial blood3 (Fig. 1).

Off-pump coronary artery bypass grafting. After a
median longitudinal sternotomy incision, the in situ left
internal thoracic artery was accurately isolated. Al-
though the pleura-sparing technique was adopted, the

parietal pleura was unintentionally opened during the
phase of graft harvesting.

A pericardial traction suture (the Lima’s stitch) and
an elevating gauze pad were used to carefully rotate the
heart in such a way as to have an unobstructed view of
the target coronary artery. Stabilization of the stenotic
coronary artery was accomplished with the Axius Vac-
uum Stabilizer System (Guidant Corporation, Cuperti-
no, CA, USA). Tourniquet mounted two-pledget 4-0
polypropylene sutures (Genzyme Biosurgery, Fall Riv-
er, MA, USA) were used to temporarily occlude the
proximal vessel during ischemic preconditioning (5
min) and during the anastomotic times. The visualiza-
tion of the anastomotic site was enhanced using a sur-
gical blower-humidifier (Medtronic Clear ViewTM,
Misted Blower, Minneapolis, MN, USA).

Both the side-to-side anastomosis between the left
internal thoracic artery and the first diagonal coronary
artery and the end-to-side anastomosis between the left
internal thoracic artery and the left anterior descending
coronary artery were performed with running 8-0
polypropylene sutures.

Having placed one chest tube into the mediastinum
and one into the left pleural cavity, the sternotomy was
closed.

At the beginning of the operation, 7500 IU of he-
parin (Parke-Davis, Lainate-MI, Italy) were adminis-
tered for anticoagulation. No antidote was administered
at the end of the intervention1,3.

Results. The patient well tolerated each phase of the
operation, and his hemodynamic status was stable. Di-
aphragmatic respiration was adequate in maintaining
sufficient levels of oxygenation. A moderate accumula-
tion of carbon dioxide was noted following the acci-
dental opening of the pleural cavity. Fortunately, no
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Table I. Composition of the epidural anesthetic solution.

Agent Concentration Dose Amount
(%) (mg) (ml)

Bupivacaine 0.5 100 20
Lidocaine 2 400 20
Fentanyl 0.005 0.25 5
Sodium chloride 0.9 45 5

Figure 1. Monitoring perioperative variables. CVP = central venous pressure (mmHg); HR = heart rate (b/min); IT = induction time (60 min); OT =
operative time (from skin incision to skin closure; 150 min); PaCO2 = partial arterial carbon dioxide tension (mmHg); SaO2 = arterial oxygen satura-
tion (%); SAP = systolic arterial pressure (mmHg). a = test dose (5 ml) administration of epidural anesthetic solution; b = start of continuous infusion
(0.1 ml/kg/hour) of epidural anesthetic solution; c = skin incision; d = parietal pleura opening.
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metabolic consequences occurred (the base excess was
always positive) (Fig. 1).

The effect of the movement of the chest wall and the
heart during spontaneous respiration did not influence
the conduction of the operation or compromise the
quality of the anastomoses.

The postoperative course of the patient was unevent-
ful. He was discharged home on postoperative day 5.

Two months following discharge, the patient was
still asymptomatic; a new coronary arteriography con-
firmed the patency of the anastomoses and the left ven-
tricular ejection fraction calculated by means of
echocardiography had improved to 0.40.

Discussion

A well-conducted general anesthesia is often asso-
ciated with an adequate blood gas control, stable hemo-
dynamics and with the relief of anxiety. Endotracheal
general anesthesia is the usual practice in cardiac surgery.

The advent of minimally invasive techniques for
cardiac surgery has modified the anesthetic approaches
as well, introducing new strategies towards better anal-
gesia, reduced narcotic requirements, wiser drug
choice, earlier extubation and an improved respiratory
function leading to an earlier deambulation4. Recently,
high thoracic epidural anesthesia has evolved as an im-
portant adjunct of minimally invasive CABG4,5.

High thoracic epidural anesthesia results in a signifi-
cantly reduced sympathetic activity and consequently in
bradycardia and coronary artery and internal thoracic
artery dilation (if the level of block extends to C6).
Therefore, thoracic epidural anesthesia improves the
heart oxygen demand/supply ratio6. Other potential ad-
vantages of high epidural thoracic block, such as the
preservation of the fibrinolytic system and the prevention
of postoperative sustained atrial fibrillation are still mat-
ter of debate7,8. Both the formation of a spinal hematoma
after epidural catheter placement in heparinized patients
and the bronchospasm due to the sympathetic blockade
of the bronchial tree are low-risk events3,9,10.

In cardiac surgery, the avoidance of endotracheal in-
tubation is generally deemed dangerous and not neces-
sary. Actually, the documented hemodynamic respons-
es to tracheal intubation, tube suctioning during the pe-
riod of intubation, and tracheal extubation may lead to
myocardial ischemia and represent a potential risk for
patients with ischemic heart disease11,12.

Sometimes, severe refractory arterial hypotension,
significant ST-segment depression, and life-threatening
arrhythmias during off-pump CABG necessitate emer-
gency conversion to cardiopulmonary bypass. As the
emergency conversion to cardiopulmonary bypass dur-
ing attempted off-pump CABG results in increased
morbidity and mortality1,13, the above-mentioned he-
modynamic advantages both of the high thoracic
epidural anesthesia and of the avoidance of endotra-

cheal intubation could reduce this fearful and unfortu-
nately unpredictable event.

In selected cases, thoracic epidural anesthesia for
off-pump CABG in spontaneously breathing conscious
patients is feasible and may offer many benefits. It is
not at all our intention to advocate the elimination ei-
ther of endotracheal intubation or general anesthesia in
routine off-pump CABG. Our purpose is to facilitate
the learning process towards performing cardiac
surgery in a still less invasive manner. Minimally inva-
sive cardiac surgery should go hand in hand with mini-
mally invasive cardiac anesthesia.
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