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Abstract

Internal thoracic artery graft (ITA) in CABG contributes for excellent long-term survival,
and moreover bilateral ITA grafts improved long-term survival than single usage of ITA
especially in young people. Furthermore, the use of in situ gastroepiploic artery makes it
possible to achieve aorta no-touch technique in OPCAB. However, the really optimal graft
selection differs according to the patient’s condition such as patient’s age, comorbidity,
hemodialysis, frailty, and so on. Aorta manipulation is one of the biggest risk factor after
CABG. In Japan, the saphenous vein graft is still used in many patients. It means that the
ascending aorta is often used for the proximal blood supply sauce. We should know the
significant effect of the epiaortic echo scanning for the ascending aorta and should select
the proximal anastomosis technique and anastomosis devices to obtain good result and to

avoid stroke after CABG.
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17.1 Proximal Anastomosis

Internal thoracic artery graft (ITA) in coronary artery bypass
surgery (CABG) contributes to excellent long-term survival,
and bilateral ITA grafts offer improved long-term survival
compared to single ITA grafts, especially in young patients
[1-3]. The use of in situ gastroepiploic artery also allows an
aorta no-touch technique for off-pump coronary artery bypass
(OPCAB) [4]. The gastroepiploic artery has also been
reported as an ideal graft for third graft selection [5]. However,
in the real world, saphenous vein grafts are still used in many
patients even in Japan. This means that the ascending aorta is
often used as a proximal source of blood supply.
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Because patients with coronary artery disease have a
high risk of suffering from systemic atherosclerosis, includ-
ing calcification and fragile plaque on the ascending aorta,
preoperative evaluation for these diseases is recommended.
Although routine preoperative CT is not common in the
United States or Europe, simple CT is usually performed in
Japan to detect atherosclerotic legion, coronary calcifica-
tion, lung disease (especially emphysematous disease), and
peripheral artery disease, including abdominal aortic aneu-
rysm. Simple CT, however, cannot detect soft plaque or
moderate thickening of the ascending aorta. Contrast-
enhanced CT offers greater ability to detect a thickened
aorta or irregularity of the intima of the ascending aorta.
However, this modality is not routinely performed because
of concerns about renal influence and cost. Intraoperative
epiaortic ultrasonography is recommended to detect ath-
erosclerosis and soft plaque on the ascending aorta [6].
Simple CT and even contrast-enhanced CT cannot detect
severe atherosclerosis of the aorta, which is detected on
ultrasonography (Fig. 17.1). When epiaortic echoes show
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Fig.17.1 Sample images of the ascending aorta. (a) is a simple CT image, (b) shows contrast-enhanced CT, and (¢) shows epiaortic ultrasound
echography image

atherosclerosis on the aorta, a proximal anastomosis procedure
should be selected.

Aortic side clamping has been routinely used for proximal
anastomosis, even for SVG, radial artery, or free arterial graft.
The aortic side clamp deforms, distorts, and compresses the
ascending aorta, which might crush the plaque and result in
embolization, depending on the characteristics of the aorta.
Lev-Ran et al. reported the usage of partial clamping as a risk
factor for postoperative cerebral infarction [7]. Edelman et al.
reported that postoperative cerebral infarction was observed
significantly more often in a clamp group than in a clampless
group [8]. On the other hand, Yamaguchi reported that if
intraoperative ultrasonography showed no plaque on the
ascending aorta, no significant difference in risk of postopera-
tive cerebral infarction existed between clamp and clampless
groups [9]. In Japan, intraoperative epiaortic ultrasonogra-
phy is recommended and used by many surgeons.

The ascending aorta is usually used as the site of proxi-
mal anastomosis. Brachiocephalic artery and ITA graft for
Y-shaped or I-shaped grafts or aortocoronary bypass graft
(SVG or RA) as Y-shaped graft are other options. An I-shaped
graft might sacrifice the capacity for long-term patency of
the ITA graft, while a Y-shaped graft requires careful consid-
eration about the blood contributions of each branch to avoid
steal phenomenon or string sign [10].

17.2 Simple Aortic Side Clamp

The aortic side partial clamp is usually placed after finishing
the distal coronary artery anastomosis and aortic declamping
with heart beating. The partial clamp is placed on the ante-
rior face of the ascending aorta, and a hole is made with a
puncher following a small cut with a spit knife on the ridge
of the partially clamped aorta to avoid aorta injury.

Anastomosis for the circumflex artery should be made
slightly toward the left side of the wall to create proximal
anastomosis rising from the ascending aorta. Proximal anas-
tomosis can be set on the anterior aspect, making the graft
run parallel to the aorta, or it can pass down toward the right-
sided space of the right atrium. The size of the puncher is
usually 4.5 mm for vein grafts and 3.5 mm for free ITA graft
or radial artery graft. A hole that is too big for the graft risks
stenosis at the heel side and excessive tension on the graft on
the toe side. Blood pressure should be kept low by lowering
the perfusion flow when using a heart-lung machine or by
administration of vasodilator to avoid aortic injury or dissec-
tion. At the same time, compression on the carotid arteries
by the anesthesiologist might help debris from the clamp
side escape to proceed into the arch branches.

17.3 Selection of Proximal Anastomosis
Techniques

The aorta no-touch technique might carry a low risk of cere-
bral embolization for patients with some degree of athero-
sclerosis on the aorta. Some surgeons have recommended the
usage of anastomosis devices [11-13, 17-19, 22-25].
However, should these aorta no-touch techniques or anasto-
mosis devices be used in all patients? Is there any evidence
that these techniques make any difference regarding cerebral
infarction in patients with a normal aorta? Yamaguchi
reported that when intraoperative epiaortic ultrasonography
showed no atherosclerotic change on the ascending aorta,
simple aortic side clamping was not associated with any sig-
nificant increase in cerebral infarctions [9]. However, pres-
ence of some degree of atherosclerotic change, fragile plaque,
thickening, or debris should be taken into consideration and
other techniques applied to avoid manipulation of the aorta.
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Fig. 17.2 PAS-Port system (http://www.cardica.com/pas-port-sys-
tem.php)

17.4 Symmetry Aortic Connector (St.Jude
Medical, Minneapolis, MN)

As the first device for proximal anastomosis available in
Japan, the aortic connector was introduced in 2002. Results
of short- and long-term studies on patency rates for this
device are ambiguous [11-13]. Farhat reported histological
damage to saphenous vein grafts with this device [14], which
was withdrawn from use in Japan in 2006.

17.5 PAS-Port System (Cardiac, Menlo
Park, CA)

The PAS-Port system was introduced in 2004 in Japan and
has been used under specific conditions. It can be used for
cases showing severe atherosclerosis on the ascending
aorta with one spot where the aortic wall is suitably thin
and smooth. The stent anchoring the vein graft to the aorta
is placed external to graft, whereas the stent was inside the
vein graft in the symmetry aortic connector. Although
Izutani reported one case of ostial stenosis at 4 months
postoperatively [15], this structure may decrease the pos-
sibility of thrombosis inside the graft and is morphologi-
cally acceptable according to Kawasaki [16]. Many groups
have reported better results after clampless OPCAB using
the PAS-Port system compared with conventional CABG
[17-19] (Fig. 17.2).

These two anastomosis devices allowed automatic con-
nection of the grafts on the aorta. However, some concerns
have been raised regarding the quality of anastomosis, due to
the need for metal stents for anchoring. The following are
two new anastomosis devices that enable hand-sewn
anastomosis:
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Fig.17.3 Heartstring III system (http://www.maquet.com/int/product/
HEARTSTRING-III-Proximal-Seal-System-with-Aortic-Cutter?parent
Nodeld=hcqgmzcnz#tab=Gallery)

17.6 Heartstring System (MAQUET,
San Jose, CA)

The Heartstring was introduced to Japan in 2003. A hole is
made with the original punch, then pressure is placed over the
hole with a finger to stop the bleeding, and the sealing
umbrella is inserted into the aorta. Hemostasis is achieved by
blood pressure pushing the umbrella against the aorta wall
[20]. Once hemostasis is obtained, anastomosis can be com-
pleted with a standard hand-sewn technique not only for the
saphenous vein but also for radial artery grafts. After com-
pleting hand-sewn sutures, the sealing string comes out of the
suture line as a single string. Sometimes bleeding cannot be
completely controlled, but in such cases, use of the blower
helps to make the hole bloodless. Thourani reported the
Heartstring proximal anastomotic device could be safely used
with all grades of aortic atherosclerosis, especially with mod-
erately diseased aorta [21]. Stroke has been reported to
occur with usage of this device in OPCAB [22-25] (Fig. 17.3).

17.7 Enclose Il System (Novare Surgical
Systems, Cupertino, CA)

This is another manual proximal anastomosis device that
enables the surgeon to perform proximal hand-sewn anasto-
mosis without side clamping. The lower jaw of the device is
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Fig. 17.4 Enclose II system (http://www.vitalitecusa.com/items.
php?path=/Anastomosis/Enclose%2011&id=24&tpl_id=24)

inserted into the aorta through a small hole made by a 14-G
needle 2 cm above the anastomosis point. The jaw is
advanced toward the point of anastomosis. The membrane
of the lower jaw is opened, and the upper jaw is lowered
toward the aortic wall to compress the lower jaw onto the
inside of the aorta. A small incision is made in the aorta and
excess aortic tissue is removed using the 3.5-mm aortic
punch. Proximal anastomosis can be performed in the usual
fashion. An overly deep bite might tear the membrane. After
the first anastomosis is finished, the device can be reposi-
tioned for the next. This technique is not a real aorta no-
touch technique. Care should be taken to avoid atherosclerotic
sites for the needle hole or anastomosis position using epi-
aortic ultrasonography. Many reports have shown good
results using this device, which is popular in Japan [25-28]
(Fig. 17.4).

In OPCAB, an aorta no-touch technique using in-site
arterial graft including bilateral ITA and GEA might be an
optimal graft design from the perspectives of long-term
patency and stroke avoidance. However, truly optimal graft
selection differs according to the characteristics of the indi-
vidual patient, such as age, comorbidities, hemodialysis,
frailty, and so on. Manipulation of the aorta represents one of
the biggest risk factors for postoperative stroke after
CABG. We should know the significant effects of epiaortic
echography of the ascending aorta and should select the
appropriate proximal anastomosis technique and anastomo-
sis devices to obtain optimal results and avoid stroke after
CABG.
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