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Abstract
Purpose. Great progress has been made in robotic 
surgery, and several reports on robot-assisted coronary 
artery bypass grafting (CABG) have been published. 
Our team at Kanazawa University began using the da 
Vinci Surgical System (Intuitive Surgical, Sunnyvale, 
CA, USA) in 2005. We report our experience of using 
the da Vinci Surgical System for totally endoscopic 
internal thoracic artery (ITA) harvesting.
Methods. Between December 2005 and May 2006, we 
used the da Vinci Surgical System to harvest the ITA 
through three ports placed on the left side of the chest 
in 10 patients.
Results. All 10 ITAs were harvested successfully in a 
skeletonized fashion. The robotic harvesting time was 
reasonable at 38.8 ± 25.2 min, and the average length 
of harvested ITA was 16.2 ± 3.1 cm. After computer-
enhanced ITA harvesting, seven patients underwent 
off-pump CABG and three patients underwent mini-
mally invasive direct CABG. There was no mortality, 
and the postoperative patency rate of all grafts was 
100%.
Conclusions. The da Vinci Surgical System provides a 
high-resolution stereoscopic image and allows remote, 
tremor-free, and scaled control of endoscopic surgical 
instruments with seven degrees of freedom. Computer-
enhanced ITA harvesting was performed safely with 
excellent results.
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Introduction

Remarkable developments have been made in the 
robotic surgical technology to reduce surgical trauma 
and to improve the postoperative course. Several reports 
on robot-assisted coronary artery bypass have been 
published, but the technique used for left internal tho-
racic artery (LITA) harvesting remains controversial.1,2 
We began using the da Vinci Surgical System (Intuitive 
Surgical, Sunnyvale, CA, USA) in December 2005. 
Before the introduction of this system, we had per-
formed totally endoscopic ITA harvesting and reported 
its safety.3 Here, we evaluate the feasibility and poten-
tial benefi ts of robotic ITA harvesting.

Patients and Technique

Between December 2005 and May 2006, we used the da 
Vinci Surgical System in two ways for coronary artery 
bypass grafting (CABG) in 10 patients: to harvest the 
ITA, followed by a minimally invasive direct CABG in 
three patients; and to harvest the ITA, followed by off-
pump CABG in seven patients (Table 1).

After the induction of anesthesia, a double-lumen 
endotracheal tube was introduced to permit alternative 
left lung collapse. The patients were then placed supine 
with the left side of the chest elevated approximately 
30° and the left hand placed beneath the posterior axil-
lary line. A 12-mm robotic camera port was inserted 
through the fourth intercostal space (ICS) along the 
anterior axillary line on the left side of the chest. CO2 
insuffl ation was used to maintain an insuffl ation pres-
sure of 6–12 mmHg before introducing the da Vinci 
system endoscope. After identifying the LITA, two 
other instrument ports (8 mm) were created, under 
endoscopic vision, in the second ICS on the anterior 
axillary line and in the sixth ICS on the midclavicular 
line. The LITA was dissected with the aid of a 30°-up 
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endoscope. The skeletonized harvesting technique was 
similar to that used in open surgery or endoscopy: 
Blunt and sharp dissections were performed with an 
EndoWrist spatula cautery (Intuitive Surgical) on one 
robotic arm and the EndoWrist deBakey forceps 
(Intuitive Surgical) on the other robotic arm. The 
LITA was harvested from the adhesion site of the fi rst 
rib to the fi rst bifurcation of the sixth rib, and the 
branches were coagulated or clipped endoscopically. 
After completion of the dissection and general hepa-
rinization, the distal extremity of the LITA was tran-
sected and an atraumatic vascular clamp was placed on 
the artery.

Results

All 10 ITAs were harvested successfully in a skeleton-
ized fashion (Table 1). Only one patient (no. 2) suffered 
intraoperative hypotension, defi ned as a systolic blood 
pressure of less than 50 mmHg. The camera port in this 
patient was placed more lateral to the anterior axillary 
line, and CO2 insuffl ation was increased to 18 mmHg to 
maintain the surgical fi eld. After emergency desuffl a-
tion, the patient’s hemodynamics stabilized quickly, and 
the procedure continued under 14 mmHg CO2 insuffl a-
tion. Consequently, it took 112 min to harvest the ITA 
in this patient. Nevertheless, the total mean robotic har-
vesting time was still reasonable, at 38.8 ± 26.15.2 min. 
The average length of the harvested ITA was 16.2 ± 
3.1 cm in six patients. After robotic ITA harvesting, 
seven patients underwent off-pump coronary artery 
bypass via sternotomy and three patients underwent 
minimally invasive direct coronary artery bypass via 
minithoracotomy. The overall early mortality in this 
cohort of 10 patients was 0% and the postoperative 
patency rate of the grafts was 100%.

Discussion

The da Vinci Surgical System provides a high-resolution 
stereoscopic image and allows remote, tremor-free, and 
scaled control of endoscopic surgical instruments with 
seven degrees of freedom. Its technological advantage 
has created new options for minimally invasive cardiac 
surgery.4,5 There are several reports of robotic ITA 
harvesting procedures, including robotic bilateral ITA 
harvesting and robotic coronary artery anastomosis.1 
However, the techniques for robotic ITA harvesting 
have not been described in detail, and the ideal posi-
tioning of ports must be considered preoperatively. 
Recently, we obtained preoperative three-dimensional 
computer tomography images taken with the patient in 
the same position as planned for robotic ITA harvest-
ing, and evaluated various port positions for harvesting 
the ITA from the fi rst rib to the sixth rib (Fig. 1). If the 
right instrument port is placed more caudal than neces-
sary, the right robotic instrument cannot reach the 
proximal side of the ITA because the right robotic arm 
and the robotic camera arm are too close. The camera 
port must not be placed laterally in the chest because 
the heart obstructs the surgical view, even if an endo-
scope is being placed 30° up. Consequently, the right 
instrument ports and the camera port are often placed 
in the second and fourth ICS on the anterior axillary 
line. This is very important in patients with a small 
physique, as is common among Japanese. There is one 
more technique to avoid confl ict between the right arm 
and the camera arm. When the surgeon sets up the 
robot, it is necessary to face the elbow of the robot arm 
toward the outside as much as possible (Fig. 2). Further-
more, CO2 insuffl ation effectively maintains an excel-
lent working space in the thoracic cavity during the 
procedure, but we assume its upper limit to be 
16 mmHg.

Table 1. Patients’ characteristics and results

   ITA  Post-ITA
   harvesting Length of harvesting
Patient no. Sex Age (years) time (min) LITA (cm) procedure

 1 M 67  33 — OPCAB
 2 M 60 112 — OPCAB
 3 M 73  28 13 OPCAB
 4 M 63  29 15 OPCAB
 5 M 66  35 — MIDCAB
 6 M 56  46 20 OPCAB
 7 M 64  32 14 OPCAB
 8 M 50  26 14 MIDCAB
 9 M 61  22 — MIDCAB
10 M 72  25 21 OPCAB

ITA, internal thoracic artery; LITA, left ITA; M, male
OPCAB, off-pump CABG; MIDCAB, minimally invasive direct CABG; CABG, coronary artery 
bypass grafting
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Endoscopic and robotic ITA harvesting requires 
greater opening of the left pleural cavity, which may 
cause pleural adhesions. However, these procedures do 
not require long incisions or extended sternotomy 
because the ITA has already been harvested. Conse-
quently, patients gain a cosmetic advantage, and post-
operative wound pain is minimized. We reported the 

Fig. 1. Preoperative three-dimensional 
computer tomography image showing the 
port positions. To assist in determining 
the correct position of the ports intra-
operatively, a 1-yen coin was placed over 
the left nipple

Fig. 2. Positioning of the da Vinci surgical system for robotic 
internal thoracic artery harvesting. It is very important to face 
the elbow of the robot arm toward the outside as much as 
possible to avoid confl ict between the robotic arm and the 
camera arm

safety of endoscopic ITA harvesting in a previous series 
of 22 patients, in which the mean harvesting time was 
53 min without any complications. Comparing the endo-
scopic and robotic procedures, robots can harvest a 
longer ITA more safely and quickly. In robotic proce-
dures, the proximal site of harvesting is the fi rst rib, 
which is sometimes the bifurcation with the left sub-
clavian artery. Cost is a disadvantage of the robotic 
procedure. Robotic ITA harvesting uses three robotic 
instruments, incurring a total cost of about US$1 500, 
including the sterilized drapes, for each procedure.

In conclusion, we performed robotic ITA harvesting 
using the da Vinci Surgical System safely, with excellent 
results.
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