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Background—Coronary anastomoses are currently primarily carried out with the use of running nonabsorbable sutures.
Recently, a renewed interest has developed for facilitated mechanical anastomotic devices especially for minimal
invasive techniques or limited access surgery. The initial experience with the first successful creation of mechanical
vein-to-coronary artery anastomoses in humans is reported.

Methods and Results—Between November 2000 and June 2001, 14 patients scheduled for multivessel coronary artery
bypass grafting (CABG) procedure were investigated. One vein graft-to-coronary artery anastomosis per patient was
performed with the St. Jude Medical ATG Symmetry coronary connector system (stainless steel investigational device,
not yet commercially available). We evaluated the overall performance of the device. Intraoperative flow measurements
of the grafts using transit time methods were measured. A postoperative angiographic control was performed
immediately after the procedure in all patients. Hemostasis was instantaneous in all cases and all anastomoses
(mechanical n�14, sutured n�40) were patent. Mean intraoperative flow measurements for the mechanical anasto-
mosed vein grafts was 75�25 mL/min. Three month angiogram or MRI angiography is available to date in 11 patients.
Ten connector grafts were patent and 1 was occluded. There were no cardiac-related adverse events or return of angina;
exercise tolerance tests and stress electrocardiograms were normal in all patients.

Conclusions—The St. Jude Medical ATG Symmetry coronary connector system is a new device for sutureless distal vein
graft-to-coronary artery anastomoses in CABG. This system allows the construction of geometrically perfect
anastomoses. This technology represents a further step in a new era of sutureless anastomoses in cardiac surgery.
(Circulation. 2002;106[suppl I]:I-1-I-4.)
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In coronary bypass surgery, the anastomoses between the graft
and the ascending aorta and the graft and the target coronary

artery are currently carried out primarily through the use of
running nonresorbable sutures. Suturing is an effective means
for attaching vessels together, however, the quality of the
anastomosis is human-dependent, in that each anastomosis will
be different depending on skill level, experience, exposure,
visualization, and time permitted. Over the last years, there has
been several developments in cardiac stabilizers for CABG
procedures on the beating heart. However, coronary anastomo-
ses is the area in which technologic and engineering advance-
ments are needed most. Recently, St. Jude Medical Anastomotic
Technology Group (ATG) has developed a family of connectors
that allow a facilitated mechanical anastomosis between a
saphenous vein graft (SVG) and the ascending aorta1,2 and an
SVG to the coronary artery.3,4

The vein graft-to-coronary artery connector (stainless steel
investigational device, not yet commercially available) cre-

ates a round side-to-side anastomosis, the diameter of which
matches the internal diameter of the target coronary artery.
After extensive evaluation of these connectors in cadavers
and animal models,3 the first human implant was performed
successfully in November 2000 in our institution.4 The
present study was conducted to evaluate the feasibility and
the early patency of this novel technology in humans.

Methods
The protocol of this study was reviewed and approved by the Local
Ethical Committee of the University of Bern, (approval no. 182/
2000, Oct. 11, 2000), Bern, Switzerland. Informed consent for a
mechanical vein graft-to-coronary connection was obtained for all
patients. The study is a prospective, nonrandomized, open label,
single center registry with patients undergoing first-time coronary
artery bypass graft surgery. The coronary connector will be used for
1 anastomosis with an autologous saphenous vein graft. The coro-
nary artery outer diameter must be�3 mm at anastomosis site
estimating an inner diameter �2.5 mm. The vein graft internal
diameter must be �3.5 mm at anastomosis site.
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The distal coronary connector (Figure 1) is stainless steel and
contains small external hooks that are necessary to hold the vein graft
and internal fingers to engage in the internal coronary lumen and
secure the vein on the coronary. After harvesting of the vein graft, a
transfer sheath is introduced into the vein and, at the presumed site
of the anastomosis, the graft is pierced from the outside and dilated
in the center of the area stretched over the end of the vein transfer
sheath (Figure 2). Through the vein transfer sheath an expandable
balloon delivery catheter with the connector mounted on it is
introduced backward through the distal end of the graft up to the
stainless steel connector until the nose cone protrudes through the
orifice created in the vein. Then the delivery system is pre-
pressurized to 1 atmosphere (Figure 3a). The entire circumference of
the vein is distributed equally around the stainless steel connector,
ensuring that the intimal layer of the vein is overall the external
connector hooks. The vein is then pierced through these small 6
hooks and finally a small rubber ring is slid over the nose cone and
placed over the external hooks (Figure 3b). The system is now ready
for deployment.

After pressurizing the coronary artery either by native blood flow
or by cardioplegia a small arteriotomy blade is inserted in the
coronary artery tangentially at the presumed anastomosis site. The
incision is dilated by a standardized dilating tool that creates a small
hole matching to the size of the pre-inflated catheter with the
connector. Then the nose cone of the delivery catheter is inserted into
the arteriotomy as axially as possible until the coupling device adapts
to the borders of the arteriotomy on the coronary artery. The delivery
system is orientated in a perpendicular angle relative to the coronary
artery and, by holding the delivery device in position, it is pressur-
ized to 18 atmospheres. During pressurization of the balloon of the
delivery catheter, the connector expands and creates the anastomosis.
At the same time it reduces it’s length compressing the vein graft to
the coronary artery, creating a hemodynamic seal and a firm
attachment of the 2 vessels (Figure 4).

Results
Between November 2000 and June 2001, we enrolled 23
patients scheduled for multiple CABG procedures. Intraop-

eratively, 9 patients were excluded because of the diameter of
the coronary target vessels (outer diameter �3.0 mm). In 14
patients (mean age 63�8 years) 1 distal SVG anastomosis
was performed with the mechanical device. All patients were
operated on using standard extracorporeal circulation (ECC)
and myocardial protection techniques. All patients received
complete revascularization (mean distal anastomoses
n�3.9�0.6 with: left internal thoracic artery n�13, A.
radialis n�7, SVG n�23), and connector anastomoses were
performed to the right coronary artery (RCA) in 10 patients,
to the posterior descending artery in 3 patients, and to the
obtuse marginal branch in 1 patient. The required time to load
the vein graft onto the delivery system was between 6 and 8
minutes and this part of the procedure was performed during
internal thoracic artery harvesting and cannulation for ECC.
Time to deploy the connector and to create the mechanical
anastomosis at the coronary site was less than 2 minutes.
Hemostasis was instantaneous in all cases and all mechanical
anastomoses were patent at the end of the procedure, as
measured by intraoperative flow measurement with the transit
time method (Cardiomed Flowmeter, Medi-Stim, Oslo, Nor-
way) mean flow of 75�25 mL/min. Postoperative angiogra-
phy was performed in all patients at the end of the operation
before the admission to the intensive care unit. Patent
anastomoses were demonstrated in all patients (Figure 5),
although in 1 patient a mechanical anastomosis showed distal
flow only while retrograde proximal flow to the native
coronary artery was restricted. This patient underwent imme-
diate reexploration, the connector was removed, and the
anastomosis was performed with a running suture at the same
site. Three-month angiogram (n�2) or MRI angiography

Figure 2. The coupling device is introduced backward from the
distal end into the vein graft (a). A small incision (site of the
future anastomosis in the vein) is made from the outside and
dilated in the center of the area stretched over the end of the
vein transfer sheath (b).

Figure 3. Through the vein transfer sheath the delivery device
with the stainless steel connector mounted on it is introduced
into the graft until the nose cone protrudes through the orifice
created in the vein (a). The vein is then attached to the external
hooks and finally secured by a small rubber ring under the
microscope. The system is ready for deployment (b).

Figure 1. Design of the St. Jude Medical
stainless steel connector nonexpanded
(a) and expanded (b) after delivery. The
vein is pierced on the upper small hooks
(white arrow). After deployment the lower
hooks secure the vein in the coronary
artery.
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(n�9) (Figure 6) follow-up was available in 11 patients, 2
patients refused invasive follow-up investigation. Ten grafts
with the mechanical connector were patent and 1 was
occluded. In the patient with the occluded graft, poor run-off
as the reason for occlusion was excluded by good intraoper-
ative flow result. In 3 patients with a patent graft, a smooth
narrowing at the anastomosis site was observed. In 1 patient,
PTCA and stent implantation of the native RCA was per-
formed. There were no cardiac-related adverse events or any
return of angina. Exercise tolerance tests and stress electro-
cardiograms were normal in all patients.

Discussion
The ultimate goal of less invasive coronary bypass procedure
is to achieve surgical revascularization with a maximum of
arterial grafts through the smallest incision. Although me-
chanical stabilizations have played a major role in enabling
surgeons to perform running coronary sutures on the beating
heart, the next major hurdle is at the level of the coronary
anastomosis. Recent technology likely to have a great impact
on the adoption of beating heart bypass surgery is the
development of mechanical anastomotic devices to facilitate
and fasten all vascular connections. Anastomotic devices

must be simple to use and provide precise and effective
outcomes.5 Several anastomotic devices have been proposed
for potential use in coronary locations, including glues,6,7

staples,8–10 clips,11 coupling devices,12,13 intraluminal
stents,14 mounting devices,15 or laser-assisted procedures,16,17

and, to a certain extent, the so-called ventriculo-coronary
shunts.18,19 However, the long-term success of any of these
devices has yet to be proven.

The St. Jude Medical ATG coronary connector system is
part of a family of connectors made of stainless steel. It was
developed recently to facilitate the creation of a vein graft-
to-coronary anastomosis for CABG. The connector is
mounted in a compressed fashion on a balloon catheter,
which, when pressurized, expands it and instantaneously
creates the anastomosis. It produces a morphologically round
anastomosis that matches the internal diameter of the target
coronary artery. In the present study, all anastomoses were
performed in a side-to-side fashion and then the distal end of
the graft was ligated. Although all anastomoses were patent,
1 had only a unidirectional flow to the distal part and a
restricted flow to the proximal part of the coronary artery.
This happened early in our experience and was caused by a
proximal back-walling of the coronary artery by the internal
hooks of the clip. Immediate reexploration confirmed this
finding, the connector was removed, and the anastomosis was
performed at the same site with a running 7.0 polypropylene
suture.

One limitation of this mechanical connector was the
necessity of a 3.0-mm outer diameter of the target vessel,
which is not encountered frequently in the present era of
CABG surgery; this led to the implantation in the right
coronary artery in the majority of cases. A new system for
smaller coronary arteries is under investigation and will help
to resolve this issue. The connector presented herein had to be
loaded under a microscope and this was always performed on
a separate side table. This somewhat cumbersome procedure
restricted the application and did not allow combination of a
distal and a proximal vein graft connector. This is also being
resolved in the newer generation mechanical connectors that

Figure 4. Intraoperative view of a side-to-side mechanical con-
nection between an SVG and the right coronary artery (white
arrow). The distal end of the graft has been closed with a con-
nector after retrieving the delivery catheter (black arrow).

Figure 5. Postoperative angiography of 2 mechanical anasto-
moses (white arrows) with bidirectional native flow to the distal
parts of the right coronary artery (a) and to the obtuse marginal
branch (b).

Figure 6. Three-month postoperative high-resolution MRI of a
vein graft to the RCA with signal void due to coronary connec-
tor (white arrow).
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are under development. Contrary to the use of clips made of
metal with a memory function such as Nitinol the use of
stainless steel for coupling devices facilitates the more careful
handling of the system during loading and delivery to avoid
irreversible distortion.

These mechanical anastomoses are round and not oval-
shaped, leading to the observation at angiography that me-
chanical anastomoses appear smaller (limited by the size of
the connector) than hand-sutured ones and look unusual while
being a side-to-side connection even at the end of the vein
graft. The observed narrowing in 3 anastomoses did not
restrict flow characteristics and were hemodynamically not
significant. However, 1 patient was treated with PTCA and
stent implantation of the native RCA during 3-month post-
operative catheterization. The significance of these findings
should better be understood on longer-term follow-up (6
months) in future studies.

There might be some concern with the fact that foreign
material is introduced through the intima of the vessels and
might induce intimal hyperplasia already observed after
intracoronary stent placement. This has not been observed in
long-term animal studies, and might be at least partially a
result of the fact that the device is introduced at a healthy area
and not at the level of a freshly dilated stenotic lesion.

Nevertheless, the device creates an anastomosis equivalent
to a hand-sutured one, in less time, and with minimal training
required. It offers a valuable and alternative procedure to the
standard suturing technique not only for coronary artery
bypass grafting but also for peripheral vascular procedures.
Mechanical vessel connections represent a further important
step to facilitate telemanipulated surgery through limited
access and will enhance the reproducibility, quality, and
rapidity in the creation of vascular anastomoses.
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