Use of a new device for distal coronary anastomosis -pig model-

Yoshifumi Itoda, Panthee Nirmal, Takehiro Ando, Ichiro Sakuma, and Minoru Ono

Abstract— OBIECTIVE: Different devices have been developed
for distal coronary anastomosis for minimally invasive coronary
artery bypass surgery. But none of these devices have been
universally adopted. In this study, we describe the safety and efficacy
of a new anastomotic device that we developed using swine coronary
bypass model. METHODS: The device enables us to skip manual
ligation with easy pinching motion after conventional suturing. Five
miniature pigs were used for this study. Bilateral internal thoracic
arteries were harvested and anastomosed to right coronary artery and
left descending artery, respectively using new device (n=4), and
conventional mono propylene suture (n=1). After 1 month of
operation, pigs were sacrificed and evaluated. RESULTS: Suture
time measured during surgery revealed no significant difference
between device group and conventional sample. Angiography after 1
month showed good patency (FitzGibbon A). Pathological findings
revealed no specific inflammatory change around devices and
surrounding tissues. CONCLUSION: The device we developed was
feasible for distal coronary anastomosis in present swine model.

I. HeapiNgS

In recent years, robotically assisted surgery has been
introduced to cardiovascular surgery as a minimally invasive
procedure. But it was pointed out that there were several
obstacles to apply robotics to coronary artery bypass. Main
points of these problems include difficulty to perform a
running suture and tying without tactile feedback in limited
space. In previous reports, different devices including various
adhesives and one shot type systems for coronary distal
anastomosis. But none of them have been universally adopted
for some reasons; patency, handling, indication, and costs.
We developed the new device which has feasibility for
minimally invasive surgery followed by robotic surgery for
coronary distal anastomosis. In this report, its effectiveness
and safety was evaluated using swine coronary bypass model.

II. METHODS AND MATERIALS

The device was designed simply with biocompatible stain-less
steel combined to the free end of the ordinary mono-propylene
suture (figure 1). The device enables us to skip manual
ligation with easy pinching motion after conventional suturing.
Five healthy male pigs (Crown miniature pig, 25-30kg) were
used in this study. Under general anesthesia, chest was opened
and left internal thoracic artery (LITA) and right internal
thoracic artery (RITA) were harvested in skeletonized fashion.
Heart was stabilized with heart positioner and left descending
coronary artery (LAD) and right coronary artery (RCA) were
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Figure 1. The device we developed for distal coronary anastomosis

dissected. Using coronary shunt and retractor tape, coronary
anastomoses were done (LITA to LAD, RITA to RCA,
respectively). New device were used in four of five pigs.
Conventional mono propylene suture was used in the remain.
After the operation, 100mg of oral aspirin was administered
for one month and finally pigs were sacrificed and
anastomoses were evaluated by following way. (1) Suture
time was measured during operation. (2) Angiography was
done using C-arm X-ray system after 1 month of operation. (3)
Anastomotic sites were resected and histologically examined
about inflammatory change.

RESULTS

(1) Suture time using new device was 16.75 min. and 18.25
min. in LITA-LAD and RITA-RCA respectively. This time
was as equal as conventional sample (18 min. and 24 min.).

(2) Angiography after 1 month of operation revealed
FitzGibbon A (without stenosis up to 50%) in all anastomoses.
No evidences of parse-string suture and device specific
stenosis were shown (figure 2).

(3) Pathological study showed general inflammatory
response including cell filtration, fibrosis and neointimal
hyperplasia. But there were no specific change by using new
devices; invasiveness to vessels and surrounding tissues
(figure 3).

Artery =
“ HEX4

Figure 2. RITA-RCA Figure 3. Device (arrow)

CONCLUSION

It was confirmed that the device we developed has
feasibility to use in coronary artery bypass surgery in this
mid-term chronic study. Now we are challenging more long
period model. Evaluating efficacy of this devise in closed or
limited operative space, further research is necessary.
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Introduction: For minimally invasive and robotic surgery, we developed a new suture device that enables us to skip
manual ligation by pinching motion after conventional suturing. Methods: Thirteen pigs were used in this study. Left internal
thoracic artery was anastomosed to left anterior descending artery (LITA-LAD). And right internal thoracic artery was
anastomosed to right coronary artery (RITA-RCA). Suture time was measured. Eleven of thirteen pigs were operated upon
using the suture device (group D), and the remaining by conventional 7-0 monopropylene suture (group C). Six animals of
group D and one of group C underwent angiography just after anastomosis. The remaining underwent angiography at one
month after operation. Histopathological examination of anastomosis was performed after animals were euthanized. Results:
LITA-LAD anastomosis was done in 18.4+1.2 min in group D, 16+2.0 min in group C (p=0.42). RITA-RCA anastomosis was
done in 20.1£1.2 min in group D and 24.5+0.5 min in group C (p=0.0055). Angiography demonstrated FitzGibbon B in one
anastomosis of each group, the remaining were FitzGibbon A. Histopathologic examination showed common inflammatory
responses in both groups. Device-specific inflammatory changes were not observed. Conclusions: This new suture device
showed an excellent safety and quality in this porcine model.

Keywords: minimally invasive surgery, robotic surgery, coronary anastomosis, suture device
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Abstract The use of minimally invasive and robotic
operations has been increasing for coronary artery bypass
surgery; however, no suturing devices have been univer-
sally adopted for use in these procedures. We developed a
new suturing device that enables omission of manual
ligation after a running suture. Twenty-two rabbits were
used in this study. In 22 rabbits, the right carotid artery was
bypassed using an autologous jugular vein graft. Half of the
animals were operated on using the new device and the
other half using conventional suturing methods. Postoper-
ative evaluations were performed at 1, 3, and 6 months.
Suturing time was 15.6 £ 2.4 min in the device group and
16.6 £ 4.4 min in the control group (p = 0.34). Graft
patency and blood flow measurements were not signifi-
cantly different between the two groups. Histopathological
examination of the anastomotic site showed common
inflammatory responses in both groups. No particular his-
topathological change was seen related to the device. In
conclusion, the safety of the new suturing device was
confirmed, and its efficacy was equal to that of the con-
ventional suturing technique.
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Introduction

In recent years, robotically assisted techniques have
been introduced for cardiovascular surgery. However,
several obstacles still exist in the application of robotic
techniques to coronary artery bypass graft (CABG)
procedures. One such problem is diffi in perform-
ing a running suture and tying a knot in a limited
space. Despite the development of several devices that
eliminate suturing and/or tying a knot, none have been
widely adopted for performing coronary distal anasto-
moses. The Ventrica Magnetic Vascular Positioner
(Ventrica Inc., Fremont, CA) enabled anastomosing
with magnetic power and was expected to have excel-
lent patency and good handling [1]. However, this
device was not suitable for arteriosclerotic lesions, and
it was diffi to add a hemostatic stitch, so it was
withdrawn from the market. Although a U-clip (Coa-
lescent Surgical, Inc., Sunnyvale, CA) enabled satis-
factory anastomoses and eliminated knot tying in
minimally invasive cardiac procedures [2, 3], it was
also withdrawn from the market. Currently, the only
system available for distal coronary anastomoses is the
C-Port (Cardica Inc., Redwood City, CA), which
enables the cutting and suturing of vessels simulta-
neously with an embedded cutter and staples. However,
high cost is a limiting factor for this device. We
developed a new device that can eliminate knot tying
after completion of running suturing. The effi and
safety of this new suturing device were evaluated in a
rabbit carotid artery bypass graft model.
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Materials and methods
Device design and anastomosis procedure

This device is simply composed of a commercially avail-
able monofilament propylene suture with an anchoring
mechanism connected to the free end of a suture. The
anchoring mechanism is made of biocompatible stainless
steel (SS316L) and manufactured by laser molding. The
size of the mechanism is 1.0 mm height, 0.5 mm width,
and 0.5 mm depth. After a common running suture, in an
end-to-side fashion, surgeons pass the suture through a slot
in the mechanism and pull the suture to control hemostasis,
then pinch the slot of the mechanism with regular force by
a needle holder to complete the anastomosis. Figure 1
shows the structure of the device and anastomotic proce-
dures for using the device, which enables the performance
of interrupted, running, or other preferred suture patterns
and the omission of manual knot tying by hands or needle
holder.

Experimental protocol

Institutional guidelines for the care and use of laboratory
animals were observed. This animal experiment was
designed according to the humane care guidelines of the
United States National Institute of Heath ‘‘Guide for the
Care and Use of Laboratory Animals” and was approved
by the Animal Ethics Committee at The University of
Tokyo (11-P-71). A total of 22 healthy male New Zealand
White rabbits (weight 3.0-3.5 kg; age 15-20 months) were
purchased for this study. All animals were anesthetized
with an intramuscular injection of ketamine (100 mg/kg)
and xylazine (50 mg/kg). An auricle vein was used for
infusion. A median neck incision was made exposing a
3-cm segment of the right carotid artery. Heparin
(100 units) was administered, and the ipsilateral jugular
vein was harvested as a graft vessel. The jugular vein was
anastomosed to the carotid artery; a 1.25-mm- or 1.5-mm-
diameter coronary shunt tube was placed in the carotid
artery during anastomosis. Finally, native carotid artery

Fig. 1 Device design. a The suturing device consists of a polypro-
pylene suture with an anchoring stainless steel mechanism attached to
the free end of the suture. b After a running suture, the suture goes

through the anchoring mechanism. ¢ The surgeon can fix the suture by
pinching the mechanism using a needle holder. d Completed
anastomosis with the suturing device
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Fig. 2 Bypass design: an arch-shaped bypass with two anastomoses
of the rabbit carotid artery and jugular vein. Carotid artery is ligated
between anastomoses .

was ligated between the anastomoses once completed
(Fig. 2). The new suturing device was used on 11 rabbits
(group D), and conventional suturing (group C) using 8-0
monofilament polypropylene suture (8-0 Prolene® Ethicon
Inc., Somerville, NJ) was performed on the other 11 rab-
bits. Because of the fragility of the vein graft, we initially
fixed the vein graft in two edges of the arteriotomy of the
carotid artery. Two devices/sutures were used to complete
one anastomosis. This meant one rabbit needed four
devices/sutures for the operation. The skin incisions were
closed, and the rabbits were returned to their cages after
full recovery from anesthesia. All animals had free access
to water and feed. Dissolved aspirin (10 mg) was admin-
istered by direct oral feeding every day after the operation.
At 1, 3, and 6 months after the operation, 4, 5, and 2 rabbits
from each group were anesthetized and evaluated, respec-
tively. Suturing time, which was the time required to
complete anastomosis and insure hemostasis, was mea-
sured and compared between the two groups. BeriQ®
(Nippon BXI Inc., Tokyo, Japan) was used for graft flow
measurements just after completion of anastomosis and at
each evaluation period (1, 3, and 6 months). Angiography
was also performed at each evaluation period using a C-
arm X-ray system (Siemens Medical Solutions, Ger-

many) with iomeprol (Iomeron, Eisai, Tokyo, Japan)
contrast media. A guiding catheter was inserted into the
right carotid artery via the femoral artery. Images were
obtained from an angle at which anastomosis could be
observed from a horizontal direction (Fig. 3). Graft
patency was evaluated during each period using the Fitz-
Gibbon criteria [4]. At study completion, the rabbits were
killed by cardiac injection of potassium chloride. Anasto-
motic sites were resected and fixed in 5 % formalin for
histopathological examination. Sections (5 Im) were cut
from paraffin-embedded blocks in a way that all elements
(a device or a suture, vein graft, and carotid artery) were
included in one slide. Hematoxylin & eosin and Elastica

Fig. 3 Graft angiogram

van Gieson staining was performed. Inflammatory cells
including lymphocytes, macrophages, and granulocytes
were counted in six random high-power fields. Intimal
hyperplasia (IH) and fibrosis at the anastomosis site were
measured as inflammatory response indicators.

Statistical analysis

Data were collected in a computerized database (Excel for
Windows, Microsoft Inc., Redmond, WA). Suturing time, flow
measurement, and cell count data are expressed as mean +
standard deviation (SD). Differences between the groups were
analyzed by Student’s 7 test using SPSS for Windows statistical
software package (SPSS Inc., Chicago, IL).

Results
Suture time
Figure 4 shows suturing time in both groups. In group D,

all suturing devices functioned as intended. Average
suturing times were 15.6 £2.4 min in group D and

16.6 £ 4.4 min in group C. No significant difference was
observed between the two groups (p = 0.34).

Angiography

Anastomosis patency in both groups C and D was 75 % (3/
4), 80 % (4/5), and 100 % (2/2) at 1, 3, and 6 months,
respectively, and all were Fitzgibbon A grade.

Blood flow

No significant difference in blood flow was observed between
the two groups at all time periods evaluated (Fig. 5).

Histopathological evaluation

Figure 6 shows the histological images of anastomoses.
There were no findings of damage to vessel walls or
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suture time

control

device

Fig. 4 Suture time: this table shows device and control anastomotic
time. No significant difference was observed between the two groups

blood flow
80

70
60

50
40 M Group D

30 M Group C

20
10

Q
(mbmn) JA 1 mo 3 mo 6 mo

Fig. 5 Blood flow at each evaluation period: JA4 just after anasto-
mosis. Blood flows of both groups increased gradually with time. And
there was no significant difference between the groups

surrounding tissues from the device. Figure 7 shows his-
topathological changes [fibrosis, intimal hyperplasia (IH),
lymphocyte, granulocyte, and macrophage] at each evalu-
ation phase. Figure 8 shows histopathological images.
Fibrosis was markedly observed at 1 month particularly
around the monofilament polypropylene suture and grad-
ually diminished at 3 and 6 months in both groups. IH at
the anastomosis site was detected to some degree, but no
significant difference was observed in average thickness
between the two groups. At 1 month, inflammatory cell
infiltration was equally observed around the anastomoses in
both groups. Cell infiltration was attenuated at 3 and
6 months.

Discussion

The carotid artery-jugular vein bypass model of a rabbit
has commonly been used to evaluate the quality of adhe-
sives and suturing devices [5, 6]. When two vessels were
anastomosed using the conventional suturing technique,
some degree of histopathological change was observed

Fig. 6 Histopathological evaluation: histopathological sections were
made from resected anastomotic sites (a). 7wo arrows are pointing at
the used devices/sutures. Embedded block of the specimen was cut by
a surface including these two devices/sutures. Section of anastomotic
site with used device (b) and conventional suture (c) showed no
damage to vessel walls or surrounding tissues. a Resected specimen
from anastomosis site. b Anastomosis by the device. ¢ Anastomosis
by conventional suture
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inside and around the vessels. Representative examples
include vessel IH and inflammatory responses around the
anastomosis. [H followed by smooth muscle cell prolifer-
ation may be caused by intraoperative disruption of the
endothelium and intima. An operative technique that is less
traumatic to these layers may decrease the amount of IH
and possibly improve primary graft patency. Caiati et al.
[5] reported effects of a vascular clip using a rabbit carotid
artery interposed with a jugular vein. Proliferation of
endothelial cells and smooth muscle cells increased greatly
2 weeks after the operation and then tapered at 3 months,
but no significant difference was observed between the
vascular clip group and conventional suture group. They
concluded that this result suggests that the majority of

6 mo

changes at the anastomotic site were due to the new arterial
environment of the vein. In the present study, no significant
difference was observed in IH thickness between the
groups. This result is reasonable because the suturing
procedure using this device was similar to the conventional
suturing procedure. We confirmed that the suturing device
had no additive adverse effects on the endothelium com-
pared with the conventional polypropylene suture.
Inflammatory responses around the anastomosis, including
inflammatory cell migration, dystrophic calcification, and
fibrosis were also concerns in previous reports. Puca et al.
[6] reported the efficacy of minimally occlusive laser
vascular anastomoses using a rabbit model in which the
carotid artery and jugular vein were anastomosed using
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control

Fig. 8 H&E staining of anastomosis (409). At 1 month, inflamma-
tory cells (lymphocytes, granulocytes, and macrophages) increased,
and fibrosis around the suture was detected. At 3 months after the

laser welding in the same manner as in the present study.
They evaluated neutrophils and mononuclear cell infiltra-
tion, dystrophic calcification, and fibrosis around the
anastomosis as inflammatory responses. According to their
report, inflammatory responses were significantly reduced
in the group anastomosed using laser welding compared
with the group using conventional suturing. In the present
study, we detected cell migration typified by lymphocytes,
granulocytes, and macrophages around the anastomosis
and fibrosis, which increased particularly around the for-
eign body. We counted these cells in six random high-
power fields and measured fibrosis thickness as an indicator
of the degree of inflammatory response. The fact that we
found no significant differences between the groups sug-
gests that the stainless steel mechanism at the end of the
monopropylene suture did not induce an excess inflam-
matory response compared with conventional suturing.
Although pathologically the stainless steel mechanism was
not a small structure at the anastomotic site, there was no
difference in the degree of inflammatory change between
group D and group C. This is probably because the
mechanism is made of biocompatible stainless steel
(SS316L).

This study has several limitations. First, the time needed
to complete suturing as well as the anastomosis is possibly
influenced by a learning curve while getting used to the

operation, both cell infiltration and fibrotic changes attenuated. At
6 months, this attenuation was more obvious

device. We evaluated the patency of the anastomosis using
FitzGibbon criteria without measuring the reference
diameter of the native carotid artery or jugular vein.
Anastomotic diameter measured by quantitative coronary
arteriography might be more accurate for evaluating the
stenosis of the anastomotic site. For the histopathological
evaluation, to observe how much less invasive a device is,
an electron microscopic image might be more useful.
However, our institution had some limits to using this
instrument.

Conclusion

While the new suturing device revealed no significant
superiority with regard to suturing time, chronic patency,
or blood flow compared to conventional suturing, we
confirmed the efficacy and safety of the new device as
equal to conventional suturing. The feasibility of this
suturing device in CABG procedures in a larger animal
model and/or endoscopic surgery model must be evaluated
to determine its applicability for clinical practice.
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and Technology.
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