Angiographic confirmation of graft patency after
coronary artery bypass graft surgery using interrupted
nitinol clips
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The development of individual nitinol metal clips a
(U-CLIPs, Coalescent Surgical, Inc, Sunnyvale, ff
Calif) that retain their memory when at body W
temperature has allowed surgeons to easily create an inter-
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rupted anastomosis between veins and arteries or between Figure 2. (a) Structure of the nitinol U-CLIP connected to the flexible member and (b) close-up
other hollow organs (1). The interrupted anastomosis  of the U-CLIP in the omega configuration. Images courtesy of Coalescent Surgical, Inc.

necessarily precludes the “purse-string” effect that hand-
sewn anastomoses can incur (2, 3). Some researchers have shown
increased compliance with the U-CLIP interrupted anastomosis
(4, 5). The clips are small, versatile, reliable, and easily applied
in the open technique or by using robotics. The following case
report demonstrates the efficacy of U-CLIPs in coronary artery
bypass graft surgery.
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A 57-year-old man developed an anterior wall acute myocar-
dial infarction complicated by ventricular fibrillation at an outly-
ing hospital. Cardiac catheterization showed 4-vessel coronary
artery disease, including an occluded left anterior descending
artery, 90% diameter narrowing of the first diagonal branch, a
99% stenotic circumflex marginal branch, and an occluded right
coronary artery. An intraaortic balloon pump was placed. The
patient was transported emergently to Baylor University Medical

Center (BUMC) for further care.

s

“\7;%2;'///7)}’/"7'; .
oL
A

Figure 1. Deploying the nitinol U-CLIPs. Illustration by Susan Decker.
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At BUMC, urgent coronary artery bypass graft surgery was
performed employing an internal mammary artery pedicle graft
to the left anterior descending coronary artery; the saphenous
vein graft was attached to the aorta and to the 3 coronary arter-
ies distally. Each distal anastomosis was created in a way that
allowed the surgeon to place 12 individual clips in a symmetrical
fashion (Figure 1). This “porcupine” technique afforded optimal
visualization of all clips prior to their deployment to their final,
omega configuration (Figure 2).

The intraaortic balloon pump was removed on the third post-
operative day, and the patient was transferred to the telemetry
unit on the fourth day. The patient recovered normally until, after
vigorous ambulation, he developed ventricular tachycardia on the
fifth postoperative day. He was returned to the intensive care unit.
An urgent repeat catheterization was performed (Figures 3 and 4)
to confirm that all anastomoses were widely patent.

An electrophysiology study for inducibility of ventricular
tachycardia/ventricular fibrillation was performed. An implant-
able cardiac defibrillator was placed. The patient was dismissed
to home 1 day after the defibrillator implantation and was treated
with amiodarone, aspirin, atorvastatin, enalapril, isosorbide mo-
nonitrate, and metoprolol.
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The interrupted anastomotic technique has been held by
some as the gold standard for coronary anastomoses (6). Loop et
al reported that the interrupted technique was used in patients
who demonstrated the best long-term patency of mammary-to-
coronary-artery anastomoses (7). Creation of the interrupted
anastomosis with multiple sutures during routine and minimally
invasive coronary artery bypass graft surgery can be cumbersome
for the uninitiated. Tying reliable knots inside a small space
without creating a purse-string effect requires skill, patience,
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Figure 3. Postoperative angiogram showing the left internal mammary artery and
its connection to the left anterior descending coronary artery.

and sophisticated equipment. Individually deployable clips were
developed to circumvent these tribulations and to facilitate use
of the interrupted technique in minimally invasive or robotic
cardiac surgery.

To reduce the learning curve during robotic surgical tech-
niques, we employed the clips in the open setting while using
the cardiopulmonary bypass pump, as in this case. The follow-up
coronary angiography (Figures 3 and 4) confirmed optimal distal
anastomotic patency.

Factors that affect anastomotic patency include inflow, run-
off, compliance, and the geometry of the connection. Inflow
and runoff are immutable. Purse-string effects of malpositioned
continuous suture are likely to reduce patency rates. Interrupted
sutures or clips prevent such an effect. Anastomoses created with
interrupted sutures or clips have been studied in the laboratory
and shown with the ultrasound Doppler flow probe to have
increased compliance and flow characteristics (4). Increased
compliance presumably will reduce neointimal hyperplasia and
increase patency.

The U-CLIPs are versatile and are used in peripheral vascular
anastomoses, venous-to-arterial anastomoses, and esophageal and
bowel anastomoses. Initially developed for use in especially small
spaces, they are therefore easily used in robotic cardiac surgery
as well as in the open technique. We estimate that use of these
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Figure 4. Postoperative angiogram showing a saphenous vein graft and its 3 distal
coronary anastomoses.

or similar devices will be important in further development of
minimally invasive coronary and valve cardiac surgery.

1. Hill AC, Maroney TP, Virmani R. Facilitated coronary anastomosis using
a nitinol U-Clip device: bovine model. ] Thorac Cardiovasc Surg 2001;121:
859-870.

2. Baumgartner N, Dobrin PB, Morasch M, Dong QS, Mrkvicka R. Influence
of suture technique and suture material selection on the mechanics of end-
to-end and end-to-side anastomoses. ] Thorac Cardiovasc Surg 1996;111:
1063-1072.

3. Ojha M, Leask RL, Johnston KW, David TE, Butany J. Histology and mor-
phology of 59 internal thoracic artery grafts and their distal anastomoses. Ann
Thorac Surg 2000;70:1338-1344.

4. Gerdisch M, Hinkamp T, Ainsworth SD. Blood flow pattern and anastomotic
compliance for interrupted versus continuous coronary bypass grafts. Heart
Surg Forum 2003;6(2):65-71.

5. Wolf RK, Alderman EL, Caskey MP, Raczkowski AR, Dullum MK, Lundell
DC, Hill AC, Wang N, Daniel MA. Clinical and six-month angiographic
evaluation of coronary arterial graft interrupted anastomoses by use of a self-
closing clip device: a multicenter prospective clinical trial. ] Thorac Cardiovasc
Surg 2003;126:168-178.

6. Loop FD. Technique for performance of internal mammary artery-coronary
artery anastomosis. ] Thorac Cardiovasc Surg 1979;78:460-463.

7. Loop FD, Lytle BW, Cosgrove DM, Stewart RW, Goormastic M, Williams
GW, Golding LA, Gill CC, Taylor PC, Sheldon WC, et al. Influence of the
internal-mammary-artery graft on 10-year survival and other cardiac events.

N Engl] Med 1986;314:1-6.

VOLUME 16, NUMBER 4



