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Cardiovascular Surgery

Early Experience of Robotic-Assisted Coronary
Artery Bypass Grafting

Chieh-Sung Tsai,’ Chuan-Nan Su,’ Chih-Yuan Lin," Gou-Jieng Hong,' Guang-Huan Sun,’
Dah-Shyong Yu® and Shih-Hurng Lok’

Purpose: Robotics facilitates minimally invasive cardiac surgery, and has been used to perform portions of coronary
artery anastomoses via minimal thoracotomy incisions. This report shares our early experience of robotic-assisted
coronary artery bypass grafting.

Methods: The robotic-assisted endoscopic coronary artery bypass grafting of the left internal thoracic artery to the
left anterior descending artery was performed by using the da Vinci robotic system. Two robotic instruments and one
endoscopic camera were placed through three small ports. A robotic system was used to harvest the left internal
thoracic artery; anastomoses were performed directly through a left anterior minimal thoracotomy under off-pump
coronary artery bypass.

Results: Between January 2005 and September 2005, the new instrumentation was used in 10 patients. The mean
age of the patients was 59 years, and mean left ventricular ejection fraction was 62%. Two of the 10 patients received
double coronary artery bypass grafts. They had a radial artery graft bridging the left internal thoracic artery to the
diagonal branch through a small left anterior thoracotomy. No major complications were encountered in the
postoperative period, except for one patient who was admitted because of left-side pleural effusion. The median
length of stay in the intensive care unit was 2.2 days. The mdian postoperative hospital stay was 7.1 days.
Conclusion: The results from this prospective clinical trial in our hospital showed favorable short-term outcome
with no adverse events. Robotic assistance enables us to perform totally off-pump endoscopic coronary artery
bypass.
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INTRODUCTION

Traditional cardiac surgery is performed through a
median sternotomy, which provides generous exposure
and access to all cardiac structures and the great vessels.
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During the past 10 years, surgeons have begun to explore
strategies to decrease the invasiveness of cardiac surgery.
Techniques have been developed to decrease the size of
the incision, and some procedures can be performed th-
rough small thoracotomies and limited sternotomies.'

Recently, there has been an interest in using robotics
and computers to enhance the surgeon’s ability to per-
form endoscopic cardiac surgery. This interest has stem-
med from the rapid advancement of technology and the
desire to make cardiac surgery less invasive. With recent
advancements in computers and robotic systems, robo-
tics has proved to be an enabling technology for endo-
scopic cardiac surgery. The aim of this study was to share
our early experience of robotic-assisted coronary artery
bypass grafting (CABG).
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MATERIALS AND METHODS

Ten patients underwent robotically assisted endo-
scopic CABG of the left internal thoracic artery (LITA) to
the left anterior descending artery (LAD), utilizing the da
Vinci robotic system (Intuitive Surgical, Sunnyvale, CA).
The da Vinci system comprises three components: a sur-
geon console, an instrument cart, and a visioning plat-
form. It permits the intracavitary manipulation of various
instrument tips through six degrees of excursion, emulat-
ing the human wrist. The operative console is physically
removed from the patient and allows the surgeon to sit
comfortably and with the head positioned in a three-
dimensional vision array. The image of the surgical site is
transmitted to the surgeon through a high-resolution
stereo display, enabling natural depth perception with
high-power magnification and helping restore hand-eye
coordination. The InSite high-resolution 3D endoscope
and imaging processing equipment provide true-to-life,
three-dimensional images of the operative field. Six de-
grees of motion freedom are offered by this combination
of trocar-positioned arms (insertion, pitch, and yaw) and
articulated instrument wrists (grip, yaw, pitch, and roll).
Full X-Y-, and Z-axis agility is affected by coordinating
footpedal clutching and hand-motion sensors. Coordina-
tion of these eye-hand-foot movements enables the sur-
geon to manipulate the articulated wrists smoothly.*

LIMA takedown was performed using the 3-armed da
Vinci unit via 3 chest incisions of 1 cm, with a left-sided
approach (Figure 1). The patients were intubated with a
double-lumen endotracheal tube, allowing single right

lung ventilation. The patients were in a supine position,
with 30-degree left chest elevation and the left arm placed
along the body below the midaxillary line. After defla-
tion of the left lung, the camera port was introduced into
the fifth intercostal space (ICS) in the anterior axillary
line. Continuous CO; insufflation, applying pressures of
5 to 10 mmHg, is mandatory to increase the available
space between the heart and the sternum. The robot was
then placed to the right side of the patient so that the
camera actuator of the robot could be connected to the
camera port. The 2 other ports for instrumentation, local-
ized in the third (right arm) and sixth (left arm) ICSs in
the midlavicular line, were then introduced, forming a tri-
angle. The LIMA was mobilized from the subclavian
artery all the way down to the distal bifurcation with a
30-degree endoscope. The distal end was skeletonized
with the concomitant veins and fascia intact to provide
countertraction.

After internal mammary artery takedown, access to the
heart was achieved via a 6- to 8-cm left lateral chest inci-
sion in the fourth ICS, A specially designed retractor that
allows a stabilizing device to be attached to immobilize the
desired area for anastomosis was used. All anastomoses.
were performed directly under beating-heart surgery.

RESULTS

Between January 2005 and September 2005, the new
wrist-enhanced instrumentation was used in 10 patients
(nine men and one woman). The mean age of the patients

Figure 1. Left: da Vinci surgical telemanipulation system: patient side cart with three manipulators. Right: Intraoperative view of harvesting the left

internal mammary artery.

155

Acta Cardiol Sin 2006;22:154-8



Chieh-Sung Tsai et al.

was 59 years (range: 38 to 82). Their preoperative left
ventricular ejection fraction averaged 62% (range: 35 to
83) (Table 1). Before surgery, all patients had class III or
class IV New York Heart Association angina class. There
were no intraoperative complications related to the place-
ment of the endoscopic ports. The robotic system func-
tioned without problems in all procedures. There were
no intraoperative device-related complications. All pa-
tients left the operating room without inotropic agent
support, were in sinus rhythm, and were without signs of
acute myocardial ischemia.

Two of the 10 patients received two CABGs. They had
a radial artery graft bridged from the left internal thoracic
artery to the diagonal branch through the left anterior small
thoracotomy. The survival rate was 100%. No major com-
plications were encountered in the postoperative period,
except for one patient who was admitted because of left-
side pleural effusion. The average length of stay in the in-
tensive care unit was 2.2 days (range: 2 to 5). The average
postoperative hospital stay was 7.1 days (range: 5 to 8). All
10 patients were available for short-term follow-up. The
mean period of follow-up was 7.4 months (range: 4 to 12).
There were no late complications. There were no reinter-
ventions and no major adverse cardiac events. All patients
were asymptomatic, without recurrent angina.

DISCUSSION
In the past decade, two strategies have been applied

Table 1. Data for 10 patients

to decrease the invasiveness of coronary artery bypass
surgery: (1) elimination of cardiopulmonary bypass and
cardioplegic arrest to decrease the systemic inflamma-
tory response and eliminate prolonged global myocardial
ischemic injury; and (2) minimization of access trauma
through small incisions. Cardiac surgeons around the
world are becoming aware of the minimally invasive po-
tential of computer-enhanced robotic procedures. With
the installation of a computer-based surgical system at
our institution, we were able to treat patients with CAD
by using computer-enhanced, partially endoscopic, mini-
mally invasive surgical techniques. We began working
with the concept of well-established procedures such
as minimally invasive directed coronary artery bypass
(MIDCAB) and off-pump coronary artery bypass, and
started applying them in combination with robotic inst-
rumentation as an adjunct tool. The ultimate goal is the
development of a totally endoscopic, closed-chest port
access, multivessel coronary artery bypass procedure on
the beating heart without the use of a cardiopulmonary
bypass that maintains the same superior outcomes at-
tained with the conventional open, arrested-heart approach.

As of May 2001, the da Vinci telemanipulation sys-
tem had been used in a total of 1250 endoscopic cardiac
procedures, ranging from the harvesting of arteries (1137)
to endoscopic CABG and mitral valve repair. This sys-
tem was clinically introduced in 1998. Dr. Loulmet per-
formed the first total endoscopic CABG using da Vinci
in June 1998.°

Between May 1999 and January 2001, Dr. Stephan

PatientNo.  Sex  Age (years) POSt'OIZ;;;SI;‘taI stay Ifi;?y Preop ‘zﬁzt)'ve EF CABGx

1 F 50 8 3 75 LIMA to LAD

2 M 48 8 2 64 LIMA to LAD

3 M 81 8 2 55 LIMA to LAD

4 M 77 7 2 50 LIMA to LAD

5 M 48 6 2 66 LIMA to LAD

6 M 78 8 3 81 LIMA to LAD, radial artery to D2
7 M 38 5 2 56 LIMA to LAD

8 M 41 8 2 57 LIMA to LAD, radial artery to D2
9 M 48 6 2 35 LIMA to LAD

10 M 82 7 2 33 LIMA to LAD

Mean 59 7.1 2.2 62

Abbreviations: LIMA= left internal mammary artery; D2: diagonal branch 2; LAD: left anterior descending artery; EF: ejection

fraction; F: female; M: male.
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Schueler’s group in Dresden used the da Vinci on 201
patients.” Group A consisted of 156 patients placed into
either a minimally invasive direct coronary artery bypass
(MIDCAB) (n = 106) without cardiopulmonary bypass,
or a robotically enhanced Dresden technique coronary
artery bypass (REDTCAB) group with cardiopulmonary
bypass (n = 50). All anastomoses were performed manu-
ally under direct visualization. The internal mammary ar-
tery (IMA) was harvested endoscopically in these groups.
In group B, 37 patients underwent totally endoscopic
CABG, 8 on pump and 29 off pump. In group C, 8 pa-
tients had endoscopic LIMA takedown with robotically-
enhanced CABG via median sternotomy.

The survival rate was 99.4% for all groups. Ten pa-
tients (4.9%) were converted intraoperatively to a con-
ventional median sternotomy. Of the 56 patients sche-
duled for total endoscopic CABG, 19 (33.9%) were con-
verted to a MIDCAB procedure due to several factors,
including calcification of the LAD, intramural LAD
course, pleural adhesions, and difficulty with stabiliza-
tion. There were no differences in the length of ICU stay,
ventilation time, or hospital stay between any of the
groups.

At present, these operations are lengthy, technically
difficult, and applicable to only a small group of care-
fully selected patients. The accumulation of surgical
experience with this sophisticated instrumentation will
eventually improve operative choreography and shorten
operative times. This field will continue to advance as
parallel technologies continue to develop and facilitate
these procedures.

A significant challenge that faces surgeons is the de-
termination of optimal port placement. Surgical experi-
ence and computer guidance should facilitate this in the
future. Improved instrumentation will aid in the develop-
ment of this field as smaller, more precise instruments
with increased shaft flexibility may simplify port place-
ment in the future. Another challenge is that the lack of
fine tactile feedback associated with the current genera-
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tion of telemanipulators used in surgery requires a new
understanding of visual cues such as tissue deformation
during dissection of left internal mammary artery (IMA).
A substantial learning curve was observed during this ear-
ly experience, with operating times slowly decreasing
from some 120 min in the beginning to 45 to 60 min for
recent cases when harvesting left IMA.

At present, the results from the first prospective cli-
nical trial of robotically assisted endoscopic coronary by-
pass in our institution showed favorable short-term out-
comes with no adverse events. These data were our first
experience of using robotic telemanipulation systems to
perform handsewn endoscopic coronary artery anasto-
moses. The development of anastomotic devices and
further refinements in the telemanipulator technology, op-
tical systems, and image-guided augmented reality sce-
narios will greatly facilitate endoscopic bypass grafting.
As surgeons become more experienced and computer
components continue to develop, the safety and efficacy
of these procedures will continue to improve. In the fu-
ture, using robotic assistance is an enabling technology
that will motivate us to perform totally off-pump endo-
scopic coronary artery bypass (TECAB) surgery for the
treatment of our patients with coronary artery disease.
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Yen Chang
Division of Cardiovascular Surgery, Taichung Veteran General Hospital and College of Medicine,
National Yang-Ming University, Taipei, Taiwan

Robotic-assisted coronary artery bypass grafting is
newly developing surgery in Taiwan, although it has been
utilized for open heart surgery in North America and Fu-
rope for some time. There are two types of machine
utilized clinically on world market, the Zeus and da Vinci
surgical systems. The research and development of the
former seems to be ceased since it was merged with the
latter in 2003. One Zeus surgical system has been set up
in early 2002 at Show-Chwan Memorial Hospital in
Chunghwa, Taiwan. It was quite often used for general
surgery, but no formal report of successful open heart sur-
gery. A da Vinci surgical system was set up at Tri-Service
General Hospital, Taipei in 2004, and 10 successful cases
performed with it from January to September 2005 are re-
ported in this paper by Dr. Tsai and colleagues. All of the
cases were single-vessel disease with left anterior de-
scending coronary arterial lesions. The left internal
thoracic artery was taken down through three small ports
on the left chest wall by robotic surgical instruments.
Then the coronary artery anastomosis was performed by
surgeon hands under direct vision thru an extended cam-
era port incision. Two cases were accomplished with
another anastomosis to a diagonal branch, bridging with
radial artery. The results were good, but the advancement
might be pushed with more arduous effort. Clinically, the
incidence of pure single-vessel disease of coronary arte-
rial disease needing bypass grafting is very low. If
surgeons cannot improve their surgical indications or co-
operation with interventional cardiologists for so-called
hybrid solution, the utilized field of this robotic system
for coronary arterial disease would be very limited.

There are many ways to harvest the internal thoracic
arteries, but employing computer-enhanced endoscopic
instruments seems the best. The challenging work really
begins after the graft vessel is harvested. Totally endo-
scopic coronary artery bypass grafting (TECAB) under ei-
ther cardiopulmonary bypass or off-pump is definitely un-
suitable for a beginner. A small left anterior thoracotomy

Acta Cardiol Sin 2006;22.:159-60

combined with direct one coronary bypass grafting with-
out pump support is the most reasonable initial program.’
After this, a sequence for multi-vessel small thoraco-
tomy (MVST) coronary artery bypass grafting could be
developed step by step.’ The target vessel other than left
anterior descending coronary artery could be grafted
with right internal thoracic artery, radial artery, right
gastroepiploic artery and great saphenous vein. If arterial
conduits are chosen, they could be constructed as a
composite graft. If venous conduit is chosen, an aortic
connection would not be avoided. It is difficult to per-
form an anastomosis over the aorta by traditional met-
hod thru a small thoracotomy. Several specially design-
ed devices have been used for this purpose, but their
short- and long-term results are being investigated. How-
ever, the long-term result for a venous conduit has been
proven unsatisfied. The whole procedure can be done
under with or without the support of cardiopulmonary
bypass. Nevertheless, off-pump surgery would marked-
ly decrease the inflammatory response of the patient but
increase the technique demands on the surgeons. During
these periods, TECAB would be planned and imple-
mented as well.*

Although this report reveals robotic-assisted surgery
for single-vessel coronary disease was not a complicated
procedure, I believed the tension within the surgical
team due to risk was extremely enormous. Based on
these initial successful cases, I hope to hear good news
in the near future.
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Shiao-Ting Lai and Hsiao-Huang Chang
Division of Cardiovascular Surgery, Department of Surgery, Taipei Veterans General Hospital,
Taipei, Taiwan

In the past decade, many cardiac surgeons have fo-
cused on the development of minimally invasive coronary
artery bypass grafting (CABG). As mentioned in Dr.
Tsai et al’s article, this includes two different strategies,
one to eliminate the cardiopulmonary bypass, and the
other to make the skin incision smaller. Off-pump CABG
has progressed greatly since the invention and improve-
ment of different types of tissue stabilizer."? However,
minimal skin incision or robotic-assisted CABG is still a
challenge for cardiac surgeons and is limited to only
carefully-selected patient groups.

There are several major concerns regarding ro-
botic-assisted versus traditional CABG. The first one
is the surgical technique. Less accessible space to the
heart and less working space will make the surgery
more difficult, and of course, the duration of anasto-
mosis and myocardium ischemia will be prolonged as
well. Though the da Vinci computer-enhanced, ro-
botic-assisted telemanipulation system can greatly
improve intracavity operative manipulation through
3-dimensional high-resolution display and its well-
designed endoscopic instrument which emulates the
human wrist, it still requires a considerable period of
time for learning. Besides, many patients are excluded
during operation due to difficult access to the target
vessels. It has been reported that the intra-operative
exclusion rate plus the open method conversion rate
could reach 19%.° Though most centers use a 6-8 cm
minimal anterior-lateral thoracotomy to make the
anastomosis easier and faster, the skin incision size is
rather close to the wound size of “traditional” mini-
mally invasive direct coronary artery bypass grafting
(9-12 cm).* The small difference between sophisti-
cated robotic and traditional surgery makes the whole
rationale for grafting left internal mammary artery to
left anterior descending artery for single-vessel coro-
nary artery disease patients a bit controversial.
Another option to make the total endoscopic CABG
possible is to bypass the occluded vessel under car-

diopulmonary bypass with arrested or beating heart,
and that is what most hospitals perform in current
practice. Thereby, we would say, for left anterior de-
scending artery lesion-only patients, total endoscopic
coronary bypass is feasible on the arrested heart but
does not provide a major benefit over the minimally
invasive direct method to the occluded coronary artery
because cardiopulmonary bypass is still required.

The second concern over robotic-assisted CABG is
its safety. Some reports showed results comparable with
conventional CABG operation.”* The short-term mor-
bidity and mortality rates were low. However, they also
reported the problem of anastomosis quality. In their se-
ries, 3-month follow-up coronary artery angiography was
performed in 76 patients, revealing significant anasto-
mosis stenosis (> 50%) or occlusions in 6 patients. That
means after completion of all these sophisticated com-
puter-enhanced, robotic-assisted surgical procedures, the
graft failure rate can reach as high as 9%. Of course, if
the stenosis rate of a novel surgical technique for CABG
operation is high, it would not be a surprise if the peri-
operative complication is also high.

The ultimate goal for the development of such com-
puter-enhanced, voice-controlled, tremor-free, and
human wrist-emulating robots is to achieve “total endo-
scopic multi-vessel CABG”. We found robotic-assisted
multi-vessel CABG (hand-sewn anastomosis with
mini-thoracotomy) had been attempted in several heart
centers in recent years worldwide.>® Most of the pa-
tients received bilateral internal mammary artery or
radial artery grafting to coronary arteries with pedicle
graft or composite graft fashion. Though short-term re-
sults were favorable, with no significant increment of
mortality or morbidity, the post-op re-open rate for
checking bleeding seemed to be higher than that of con-
ventional surgery.’

One further concern is the cost-benefit issue for the
new machines. Most insurance companies and countries
will not pay the additional expense for this robotic-as-
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sisted CABG; in Taiwan, we have the same problem.
Though the da Vinci robotic-assisted telemanipulation
system could also be applied to a variety of operations
among different fields, like urology and gynecology, in
order to make the best use of it, without the full support
from the hospital, it’s not possible to proceed with such
operations.

Therefore, the current scenario is, in spite of using
many different new instruments, machines and surgi-
cal techniques for the completion of total endoscopic
robotic-assisted CABG, multi-vessel procedure is still
of great difficulty and outlines the current boundary of
robotic-assisted CABG. Though the da Vinci robotic-
assisted telemanipulation system for the patient who
needs a CABG is still playing its role of “assisting”
hand-sewn anastomosis, we believe total endoscopic
multi-vessel CABG will be practically used in the near
future.

Dr. Tsai et al harvested the whole length of left inter-
nal mammary artery with the assistance of robot, with a
steep learning curve. Though they used minimal anterio-
lateral thoracotomy to perform the anastomosis directly,
their early experience of handling this machine and en-
doscopic instruments will eventually help them moving
forward toward total endoscopic CABG operations.
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