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(57) ABSTRACT 

Devices for use in anastomosis, methods and apparatus for 
installing the devices around long incisions or other ori?ces 

in tubular members such as vessels (tissue or arti?cial graft, 

or combinations), organs, ducts and the like, and method for 
performing anastomosis. The devices evert the Walls of the 
tubular members to Which they are attached so that an 

anastomosis performed With the devices joins the tWo mem 
bers by contacting the inner Walls of the members. 
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DEVICE, TOOLS AND METHODS FOR 
PERFORMING ANASTOMOSIS 

CROSS-REFERENCE 

[0001] This application is a continuation-in-part applica 
tion of application Ser. No. 09/794,670, ?led Feb. 27, 2001, 
pending, Which is incorporated herein, in its entirety, by 
reference thereto, and to Which application We claim priority 
under 35 USC §120. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates to devices, apparatus 
and methods for performing anastomosis Without hand 
suturing. 

BACKGROUND OF THE INVENTION 

[0003] In the United States, many coronary artery bypass 
graft (CABG) procedures are performed on patients annu 
ally. Each of these procedures may include one or more graft 
vessels Which are hand sutured. Until recently, coronary 
artery bypass procedures have been performed With the 
patient on cardiopulmonary bypass While the heart is 
stopped With cardioplegia and the surgery is performed on 
an exposed, stationary heart. Interest in developing a mini 
mally invasive CABG procedure is increasing. 

[0004] A feW pioneering surgeons are noW performing 
minimally invasive procedures in Which a coronary artery 
bypass is performed through a small incision in the chest 
Wall, sometimes on a beating heart, i.e., Without heart-lung 
bypass and cardioplegia. 

[0005] Until recently all bypass graft procedures have 
been performed by hand suturing the tiny vessels together 
With extremely ?ne sutures under magni?cation. There is a 
need (Which is addressed by the present invention) for 
methods and apparatus useful for performing anastomosis 
during CABG surgery on a beating heart, Without hand 
suturing. 
[0006] The present invention can be used to perform 
end-to-end anastomosis (in Which the open end of a vessel 
or other organ is attached to (and in ?uid communication 
With) the open end of another vessel or other organ Without 
hand-suturing, end-to-side anastomosis (in Which the open 
end of one vessel or other organ is attached to the side Wall 
of a second organ in ?uid communication With an incision 
or other ori?ce in the second organ’s side Wall) Without 
hand-suturing, or side-to-side anastomosis (in Which inci 
sions or other ori?ces in the side Walls of tWo vessels or 
other organs are aligned in ?uid communication With each 
other and the aligned tissue is attached together) Without 
hand-suturing. 

SUMMARY OF THE INVENTION 

[0007] In a class of embodiments the invention includes 
devices for performing anastomosis, tools for installing the 
devices and joining them to perform the anastomosis, and 
methods for installing the devices and for performing anas 
tomoses. 

[0008] An anastomosis device for attachment around an 
ori?ce in a ?rst tubular member and for everting the Wall of 
the tubular member around a perimeter of the ori?ce, in 
preparation for anastomosis With a second tubular tissue or 
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organ is provided, in Which the device includes a ring 
portion siZed to extend around the ori?ce; and malleable 
tines extending radially inWard from the ring portion and 
having tine tips bent at an angle With respect thereto. The 
tine tips are adapted to extend into the ori?ce, adjacent the 
perimeter of the ori?ce, and are deformable to grasp the Wall 
de?ning the perimeter of the ori?ce, from inside the tubular 
tissue or organ. The tines are further deformable to evert the 
Wall around the perimeter of the ori?ce. 

[0009] The tines may each have a Weakened portion 
adjacent the tine tip, so that the tines preferentially fold or 
bend at the Weakened portions in response to being sub 
jected to bending force. 

[0010] A structurally reinforced device is described to 
further include extensions extending from the tines adjacent 
the ring portion. Adjacent extensions overlap one another 
When they and the tines are folded over during forming of 
the device. 

[0011] The overlapping extensions may be ?xed With 
respect to one another, thereby reinforcing the tines to 
provide increased bending strength. 

[0012] The tines may extend substantially perpendicularly 
from the ring portion, and the tine tips may extend substan 
tially perpendicularly from the tines. 

[0013] The ring portion may include at least a pair of 
fastener elements adapted to mate With another device in 
performing the anastomosis. For a mating pair of devices, 
one device may have at least at least a pair of malleable tabs 
extending from the ring portion, and the other device may 
have an equal number of docking slots arranged to receive 
the malleable tabs for fastening the tWo devices together. 

[0014] A method of attaching an anastomosis device to a 
tubular structure to be joined by anastomosis is provided to 
include: inserting an anvil having a bend forming surface 
into an ori?ce formed through a Wall of the tubular structure; 
advancing an anastomosis device having a ring portion With 
tines extending radially inWard therefrom over the anvil, 
Wherein the tines further include tine tips extending there 
from, substantially perpendicularly to the anvil as the device 
is advanced over the anvil; continuing to advance the device 
until the tine tips extend into the ori?ce and past the inner 
Wall surface of the tubular structure; driving the tine tips 
against the bend forming surface of the anvil by continuing 
to advance the device, Wherein the tine tips are curled under 
the Wall of the tubular structure, thereby gripping the Wall 
betWeen the tine tips and the tines Which form a curled tine 
structure. 

[0015] Further preparation of the tubular member for 
anastomosis may include retracting the anvil While holding 
an opposing force on the ring portion, Wherein the anvil 
contacts the curled tine structure and bends the tines in an 
opposite direction to the direction of bending of the tine tips, 
thereby everting the Wall of the tubular structure that periph 
erally surrounds the ori?ce. 

[0016] Still further, at least one additional member having 
a bend forming surface may be advanced over the anvil to 
contact the curled tine structure and further bend the tines in 
the opposite direction to further evert the Wall of the tubular 
structure. 






































