PORT-ACCESS CORONARY ARTERY BYPASS GRAFTING: A PROPOSED SURGICAL METHOD
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Minimally invasive surgical methods have been developed to provide
patients the benefits of open operations with decreased pain and suffering.
We have developed a system that allows the performance of cardiopulmo-
nary bypass and myocardial protection with cardioplegic arrest without
sternotomy or thoracotomy. In a canine model, we successfully used this
system to anastomose the internal thoracic artery to the left anterior
descending coronary artery in nine of 10 animals. The left internal thoracic
artery was dissected from the chest wall, and the pericardium was opened
with the use of thoracoscopic techniques and single lung ventilation. The
heart was arrested with a cold blood cardioplegic solution delivered
through the central lumen of a balloon occlusion catheter (Endoaortic
Clamp; Heartport, Inc., Redwood City, Calif.) in the ascending aorta,
and cardiopulmonary bypass was maintained with femorofemoral bypass.
An operating microscope modified to allow introduction of the 3.5
magnification objective into the chest was positioned through a 10 mm
port over the site of the anastomosis. The anastomosis was performed
with modified surgical instruments introduced through additional 5 mm
ports. In the cadaver model (n = 7) the internal thoracic artery was
harvested and the pericardium opened by means of similar techniques. A
precise arteriotomy was made with microvascular thoracoscopic instru-
ments under the modified microscope on four cadavers. In three other
cadavers we assessed the exposure provided by a small anterior incision (4
to 6 cm) over the fourth intercostal space. This anterior port can assist in
dissection of the distal internal thoracic artery and provides direct access
to the left anterior descending, circumiflex, and posterior descending
arteries. We have demonstrated the potential feasibility of grafting the
internal thoracic artery to coronary arteries with the heart arrested and
protected, without a major thoracotomy or sternotomy. (J THORAC CARDIO-
VASC SURG 1996;111:567-73)
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Recent changes in surgical technique and technol-
ogy have allowed the performance of abdominal
and thoracic surgical procedures in ways not imag-
ined even a few years ago. These procedures tend to
provide the definitive benefits of major operations,
while minimizing the injury of access to the body. In
carefully selected patients these methods may re-
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duce the morbidity of surgical intervention. Ligation
of patent ductus arteriosus and division of vascular
rings"? are examples of cardiovascular procedures
that have been successfully performed by thoracos-
copy.

We have recently developed an effective endovas-
cular system for cardiopulmonary bypass (CPB) and
myocardial protection. This system uses femoral
arterial and venous access for CPB and a transfemo-
ral endoaortic occlusion catheter (Endoaortic
Clamp; Heartport, Inc., Redwood City, Calif.). It
will provide a platform for performing many differ-
ent cardiovascular procedures in a potentially less
invasive fashion than required by current methods.?
This article describes a surgical method for perform-
ing “port-access” bypass grafting of the internal
thoracic artery (ITA) to coronary arteries.
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Fig. 1. Instruments used for dissection of the ITA and
anastomosis to the LAD. Left to right: Electrocautery-
suction-irrigation device, forceps, coronary arteriotomy
scissors, microvascular anastomosis suture needle driver.

Method

Canine studies. Ten mongrel dogs weighing 20 to 30 kg
were used to determine a surgical method for port-access
coronary artery bypass grafting (CABG). All animals were
given humane care in compliance with the ‘“Principles of
Laboratory Animal Care” formulated by the National
Society for Medical Research and the “Guide for the Care
and Use of Laboratory Animals” prepared by the Institute
of Laboratory Animal Resources and published by the
National Institutes of Health (NIH Publication No. 86-23,
revised 1985).

General anesthesia was initiated and maintained with
morphine sulfate and pentobarbital. Single lung ventila-
tion was accomplished with a balloon blocking the left
bronchus. Three 10 mm ports were made in the third,
fifth, and seventh intercostal spaces (ICSs) in the midax-
illary line. A Distalva 360 thoracoscope (Welch-Allyn,
Skaneatales, N.Y.) was inserted into the lowermost port.
The Distalvu camera is designed to allow intracavitary
changes in position by way of a fingertip control steering
mechanism. A 30-degree angled DeBakey type thoraco-
scopic forceps (Heartport) was inserted through the mid-
die port. A combination electrocautery, suction, and irri-
gation device (Heartport), used through the third ICS
port, allowed diathermy- assisted dissection with immedi-
ate smoke evacuation (Fig. 1). The surgeon controlled the
electrocautery and forceps and the assistant guided the
endoscope (Fig. 2). Dissection was begun proximally.
Once across the pedicle (from lateral to medial), the
forceps were passed through and were used to retract the
pedicle down to facilitate the dissection. Surgical clips
(Liga-clips; Weck, N.C.) were applied to secure side
branches of the ITA. Approximately half way through the
dissection, the thoracoscope was changed to the third ICS
port and the dissecting instruments were moved to the

The Journal of Thoracic and
Cardiovascular Surgery
March 1996

lower two ports to complete the dissection distally. Hep-
arin was administered intravenously (300 U/kg) and two
medium/large surgical clips were placed distally across the
artery. After the scope had been returned to a lower port,
the forceps were inserted through the third ICS port to
grasp the fascia of the pedicle just proximal to the distal
clips. A thoracoscopic atraumatic temporary occlusion
clamp (Heartport) was applied to the ITA pedicle proxi-
mally. The artery was divided and exteriorized through the
upper port, with care taken to avoid twisting. Any proxi-
mal tethering, particularly from the medial aspect, was
identified and dissected free to maximize the length of the
pedicle. The occlusion clamp was released and flow of the
ITA checked. The artery was prepared for .anastomosis
externally, and a 10 cm double-armed 7-0 polytetrafluo-
roethylene suture (Ultex; W. L. Gore & Associates, Iric.,
Elkton, Md.) was inserted into the heel.

The Endovascular Cardiopulmonary Bypass System
(Heartport) was inserted by way of a femoral artery and
vein cutdown (Fig. 3). This system has been fully de-
scribed (see Schwartz et al., page 556). In brief, femoral
arterial and femoral venous access is used for CPB. The
venous line is augmented with a centrifugal pump. An
Endopulmonary Vent (Heartport), passed via a jugular
vein, assists in venting the right side of the heart and
pulmonary circulation. The endoaortic balloon occlusion
catheter (Endoaortic Clamp) is inflated to occlude the
ascending aorta, and cardioplegic solution is delivered by
way of a central lumen. It is also routinely used to vent the
aortic root by way of the same central lumen. A separate
lumen allows continuous transducing of aortic root pres-
sure.

CPB was initiated and the pericardium was incised
sharply anterior to the phrenic nerve from the pulmonary
artery to the diaphragm. The pedicle was returned inside
the chest and positioned on the heart. The coronary
arteries were identified by means of the thoracoscope, and
port placement for the 10 mm Stereovision Probe (Heart-
port) was first determined by passing a needle through the
anterior chest wall to locate the most direct line to the
proposed anastomosis site. Two to four 5 mm ports (for
microvascular instruments) and a single 10 mm port
(Stereovision Probe) were inserted anteriorly (Fig. 4). The
Stereovision Probe was coupled to the operating micro-
scope (OPMI-MDU; Ziess, Thornwood, N.Y.), and a
visual check was made.

Under fluoroscopic guidarice, the endoaortic balloon
was inflated; and high-potassium cold blood (KCI, 20
mmol/L, 4° C) cardioplegic solution was infused into the
aortic root.

The Stereovision Probe was positioned in the central 10
mm anterior port, and the left anterior descénding artery
(LAD) was identified. A 3 to 4 mm arteriotomy was made
and thie ITA was anastomosed to the LAD with a running
continuous suture. A U stitch was placed in the heel of the
ITA, with both needles passing from out to in, to facilitate
the anastomosis. The needles were then both passed from
within the heel of the coronary artery to out, before one
arm was sewn up each side toward the toe. On completion
of the anastomosis, an instrument tie was performed. The
temporary occlusion clamp on the ITA was released and
repair sutures were placed if needed. The endoaortic
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Fig. 2. Thoracoscopic left ITA takedown in the canine model. Ports are made in the third, fifth, and
seventh ICSs in the midaxillary line. The pedicle is mobilized proximally first, with the thoracoscope in the

lowermost port:

occlusion balloon catheter (Endoaortic Clamp) was de-
flated and the animal weaned from CPB. The animal was
put to death after cardiac output had been measured by
the thermodilution technique and an angiogram had been
obtained.

Human cadaver study. Human cadavers were obtained
from the Stanford University Division of Human Anat-
omy. Written consent was given by the donor’s family for
use of the cadaver for medical education and research.
Seven cadavers were used to compare and contrast differ-
ent components of the surgical method used in the canine
model.

In four cadavers, three intercostal ports were inserted in
the anterjor axillary line. The Distalvu 360 thoracoscope
was used to visualize the left ITA. The ITA was then fully
dissected away from the chest wall from the subclavian
vein to the level of the xiphoid process by means of
endoscopic dissecting scissors and 30-degree angled De-
Bakey forceps. A port was made anteriorly to allow
countertraction of the pericardium, and the pericardium
was opened anterior to the phrenic nerve and rightward to
widely expose the heart. The LAD was then located with
the thoracoscope, and an anterior port was inserted in the
third or fourth ICS in a parasternal location, directly over
the target anastomosis site. The Stereovision Probe was
inserted, and two to four additional 5 mm ports were
inserted radially around this anterior port to allow the
surgeon and assistant bimanual access to the heart for the
anastomosis. The LAD was entered in its midportion with
a scalpel. If autolysis was not significant, the ITA was
anastomosed to the LAD.

In the three other cadavers, an alternative approach to
access the heart for the anastomosis was to perform a 4 to

6 cm transverse parasternal incision in the fourth ICS. If
better exposure was needed, the costal cartilage of an
adjacent rib was removed. This space was used to facilitate
the thoracoscopic ITA takedown. A soft-tissue retractor
(Heartport) was used to maintain a patent port. The distal
end of the pedicle was brought out through the anterior
port for preparation. The pericardium was opened
through this port and extended from the pulmonary artery
to the diaphragm by a combination of direct vision and
thoracoscopy. Stay sutures were placed to keep the
pericardium open and to bring the heart closer to the
chest wall. The LAD was identified and an arteriotomy
made under direct vision (Fig. 5). Rib spreading was not
used.

Results

Canine studies. In all animals the ITA was well
visualized and easily accessed. The distal two thirds
of the ITA was typically buried deep to muscle, but
we were able to fully mobilize it without injury, and
it had good blood flow. The pericardium was easily
opened in all animals. The Endovascular Cardiopul-
monary Bypass System (Heartport) and endoaortic
occlusion catheter (Endoaortic Clamp; Heartport)
were applied without difficulty in all cases. The
duration of aortic occlusion was 60 * 26 minutes
(mean * standard deviation) and the duration of
CPB was 102 = 26 minutes. Asystole was main-
tained during aortic occlusion, so that the operative
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Fig. 3. Endovascular Cardiopulmonary Bypass System. Femorofemoral CPB with a centrifugal pump to
augment venous drainage. The balloon occlusion catheter (Endoaortic Clamp) is inflated in the ascending
aorta and cardioplegic solution is delivered antegradely through a central lumen. The endopulmonary vent
assists decompression of the right side of the heart and pulmonary circulation.

field was still in all animals. All anastomoses were
made with the aid of the Stereovision Probe. The
total number of ports used ranged from six to
eight.

After deflation of the endoaortic balloon (En-
doaortic Clamp) and resuscitation to sinus rhythm,
all dogs were successfully weaned from CPB without
inotropic support. Cardiac output was 2.5 = 0.5
L/min before CPB and 3.0 = 0.6 L/min after CPB.
By means of angiography, nine of 10 grafts were
confirmed to be patent; the pedicles were not
twisted and there was brisk runoff with appropriate
angulation at the anastomoses. In one animal the
surgeon suspected that the anastomosis suture
might have passed through the back wall of the
LAD. Angiographic studies showed that this anas-
tomosis was not patent, and postmortem examina-

tion confirmed the failure. Gross examination of the
hearts post mortem showed no evidence of myocar-
dial injury.

Human cadaver studies. Left ITA access and
visualization was assessed in all studies. Because of
the relatively small anteroposterior diameter in hu-
man beings compared with dogs, the distal ITA was
more difficult to access. We found that bringing the
lower ports into the anterior axillary line aided in
the exposure of the distal ITA. The ITA was taken
down in all seven studies. Six were taken down, from
the first rib to the diaphragm, with the use of three
10 mm ports and a technique similar to that de-
scribed for the dog. One ITA takedown was done by
unroofing the distal ITA first by removing a small
piece of the left fourth costal cartilage. Through this
incision the ITA could be transilluminated with the



The Journal of Thoracic and
Cardiovascular Surgery
Volume 111, Number 3

Stereovision Probe \

Microvascular

|

Stevens etal. 571

Microvascular
Forceps

Needle Driver P! T =
) ] .
P \\ /,/
s e
.f V) - ',
// A\ “
/ Yy e !
4 /
’J }."
/ | Smm Port
s

Fig. 4. Thoracoscopic anastomosis in the canine model
5 mm ports for microvascular anastomosis instruments.

thoracoscope and a pedicle of approximately 4 to 6
cm could be created. The dissection was completed
thoracoscopically.

A pericardiotomy was made in all studies. This
was done by complete thoracoscopic access in the
first four cadavers and through the anterior incision
in the remainder. One of the takedown ports can be
extended to make the anastomosis port. The inter-
ventricular groove and LAD were identified and a
precise arteriotomy was made in all studies. Visual-
ization of the LAD was considered exceptional with
the Stereovision Probe. In the three latter studies,
working through an intercostal incision allowed
direct access to the LAD and diagonal branches.
The heart was able to be retracted to expose the
obtuse marginal branches and the posterior de-
scending artery. Removing a section of costal carti-
lage from the fourth ICS allowed much wider access
to the same vessels.

Discussion

Recent years have seen a tremendous growth in
transcatheter management of acquired heart dis-
ease, particularly angioplasty of coronary arteries.
These techniques have been popular because they
are perceived to be reasonably efficacious and to be
associated with low morbidity.* > In many instances,

. The Stereovision Probe is surrounded radially by

they are not as effective or definitive as open cardiac
operations,® but the trade-off of low morbidity and
cost makes them attractive.

Recently, techniques of laparoscopy and thora-
coscopy have revolutionized many arcas of general
and thoracic surgery. For example, in 1993, only 4
years after the first laparoscopic cholecystectomy
had been performed in the United States, it was
estimated that 80% of cholecystectomies in this
country were being performed by laparoscopy.”® In
general thoracic surgery, bleb resection and pleu-
rodesis for spontaneous pneumothorax,’ thoraco-
scopic or laparoscopic Heller myotomy,® and wedge
resection of solitary pulmonary lesions'' are exam-
ples of procedures that have gained widespread
acceptance. Some individuals have attempted to use
the ITA for CABG using thoracoscopic techniques
or minithoracotomy,'* '? but not, to our knowledge,
in conjunction with a system that would provide
myocardial protection comparable with that
achieved with open surgical techniques of CPB.

Wel4 have previously described a method to
effectively perform CPB and aortic occlusion with
cardioplegic arrest without opening the chest in the
canine model. With the endovascular CPB platform
it becomes feasible to apply minimally invasive
techniques to cardiovascular surgical problems. This
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Fig. 5. Anastomosis under direct vision through an ante-
rior port. The fourth ICS port is extended medially 4 to 6
cm and the soft tissues are retracted to create an antero-
lateral anastomosis port.

article describes a surgical method in the canine and
human cadaver models that allows ITA-LAD anas-
tomoses to be constructed without the need for a
median sternotomy or major thoracotomy. The es-
sential components to this approach are, first, an
effective and safe means to obtain a quiet and
bloodless field so that precise anastomoses can be
performed. Second, task-specific instruments for
ITA dissection and coronary anastomoses are nec-
essary. Finally, high-quality stereoscopic visualiza-
tion is essential. Our surgical methods as described
allow either for an operating microscope modified
with a 10 mm Stereovision Probe or for direct
visualization with surgical loupes. Using these tech-
niques, as well as techniques borrowed from lapa-
roscopy, thoracoscopy, and microsurgery, we have
proposed a method for performing closed chest
ITA-LAD anastomosis. We believe that with these
techniques it may be possible to duplicate the ad-
vantages of traditional open-chest CABG opera-
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tions, while avoiding much of the morbidity associ-
ated with sternotomy.

The obvious shortcomings to this description of a
surgical method for minimally invasive CABG are
twofold. First, a canine model is quite different from
the human being. The most significant difference
between the dog and human being is the shape of
the chest. The flatter, broader chest in human beings
makes the left ITA dissection more difficult, partic-
ularly distally. In addition, the proximity of the
anterior part of the heart to the chest wall somewhat
limits the ability to manipulate instruments for
creating an anastomosis with a totally closed chest
system. The alternative anterior incision provides
broader visualization and access, yet may cause less
morbidity and discomfort than a median sternoto-
my.”> Multiple grafts are also technically possible
with this latter approach; the arrested and protected
heart allows for more time and better exposure of
the left lateral and posterior aspects of the heart.
This incision has allowed CABG without CPB in
selected patients (V. Subramenium, personal com-
munication). Performing ITA-coronary anastomo-
ses on the beating heart with limited access restricts
the indications of this operation to severe LAD
disease.'* 1

A second problem with this study is that even in
the cadaver model, the postmortem changes allow at
best only an approximation of the application of
these methods to patients. We do believe that this
description may set forth a foundation for the
further development of minimally invasive CABG in
a wide range of patients.

A clinical trial is presently underway to evaluate
the safety and effectiveness of a port-access method
as compared with standard CABG through a me-
dian sternotomy. The results of this trial should help
define the appropriate treatment paradigm for se-
lected patients with coronary artery disease.
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