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METHODS FOR PERFORMING ANASTOMOSIS 

TECHNICAL FIELD OF THE INVENTION 

[0001] The present invention relates to apparatus and 
methods for performing anastomosis Without hand-suturing. 

BACKGROUND OF THE INVENTION 

[0002] 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. 

[0003] 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. 

[0004] 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. 
[0005] 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 

[0006] In a class of embodiments, the invention is a ring 
(for use in anastomosis) that is integrally formed from metal, 
and includes a central ring portion and tines (and typically 
also docking features or fastener elements) that extend from 
the ring portion. In some preferred embodiments, the tines 
are malleable tines Which are movable relative to the ring 
portion from an initial con?guration into a ?nal con?gura 
tion in Which they can grab tissue of an organ (around an 
incision or other ori?ce in the organ) and hold such tissue in 
an everted state. In some preferred embodiments, each tine 
has a Weak section at Which it preferentially folds or buckles 
When subjected to bending force. The ring portion can be 
rigid or malleable. In preferred embodiments, the ring has a 
tubular central portion. In other embodiments, the central 
ring portion is ?at (rather than tubular). In some embodi 
ments, the ring is not integrally formed from metal. For 
example, in some variations, it is assembled from compo 
nent parts Which are connected together (e.g., by Welding), 
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or is made of material (other than metal) Which has the 
required mechanical properties. 

[0007] Another aspect of the invention is a method for 
installing the ring at an incision or other ori?ce in a vessel 
(or other organ) With the ring portion extending around the 
incision or other ori?ce. In such method, the tines are 
advanced against an anvil so that they grab the tissue around 
the ori?ce and curl radially (inWard or outWard) against the 
anvil (in some embodiments the tines pierce the tissue 
before they begin to curl; in other embodiments the tines 
begin to curl before they grab the tissue). 

[0008] The term “grab” is used herein in a broad sense to 
denote any operation of grabbing, gripping, grasping, or 
otherWise capturing the relevant tissue (such that the cap 
tured tissue can be moved by moving the thing Which 
captures the tissue), and to denote either “grab and pierce” 
or “grab Without piercing.” 

[0009] The anvil is then retracted to fold (or buckle) the 
tines so that their curled ends move radially outWard. In an 
optional ?nal step (Which is included in preferred embodi 
ments), the tool is used to further fold or bend the tines so 
that their curled ends move further radially outWard. The 
folding (or buckling), curling, and optional bending of the 
tines everts the tissue near the ori?ce edges to expose the 
inside surface of the organ (so that such exposed inside 
surface can be joined to tissue of another vessel or organ). 
In typical use, the ring is installed With the ring portion 
extending around an incision in the side Wall of a blood 
vessel, and the action of curling the tines everts the incised 
edges of the ori?ce to expose the inside lining (intima) of the 
blood vessel. 

[0010] In other embodiments, the invention is a tool for 
installing an anastomosis ring in an incision (or other ori?ce) 
in a vessel or other organ. The tool includes an anvil and a 
set of concentric, independently movable sleeves around the 
anvil. Each sleeve, and preferably also the anvil, can be 
advanced (in a distal direction) and retracted (in a proximal 
direction) When desired relative to the other elements of the 
tool. In some preferred embodiments the tool has four 
independently movable sleeves; in other embodiments it has 
?ve independently movable sleeves. It is contemplated that 
the multiple movements of the various sleeves can be 
automated and synchroniZed to some degree such that the 
installation process requires a minimal number of operator 
manipulations of the installation tool. 

[0011] Preferably, the distal end of one of the sleeves has 
tWo or more circular (or oblong) slots, each for receiving a 
tubular central ring portion of an anastomosis ring. Thus, the 
tool can be used to install a relatively small diameter ring 
(Whose central ring portion ?ts in an innermost slot) or a 
relatively large diameter ring (Whose central ring portion ?ts 
in an outermost slot). 

[0012] In some preferred embodiments, the outermost 
sleeve is con?gured to receive a removable ?at member 
(sometimes referred to herein as a disk). The disk has an 
open center and is oblong or annular, is preferably made of 
thin metal, and functions during ring installation to provide 
a surface against Which the ring (and tissue engaged there 
With) is pressed to deform (fold and/or bend) the ring into its 
?nal con?guration. When the ring is installed in its ?nal 
con?guration, the disk is released from the installation tool. 



US 2005/0027308 A1 

The tool is then removed from the installed ring, leaving the 
disk in engagement With the ring and held betWeen the ring 
and the adjacent tissue. 

[0013] In other embodiments, the invention is a ring (for 
use in anastomosis) including a central ring portion (pref 
erably a tubular central ring portion), and tines and fastener 
elements that eXtend from the ring portion. Preferably, each 
tine has a Weak section at Which it preferentially folds or 
buckles When subjected to bending force. The ring portion 
can be rigid or malleable. The fastener elements can be (or 
include) malleable elements, spring elements, or both. The 
fastener elements are used to fasten together tWo precisely 
aligned anastomosis rings, each installed in an incision (or 
other ori?ce) of a different vessel or other organ, and 
optionally also to align the tWo rings together. In preferred 
embodiments, the fastener elements of one ring are spring 
elements having a locking con?guration in Which they eXert 
spring force on fastener elements of another ring to clamp 
the tWo rings together. 

[0014] In other embodiments, the invention is a method 
for performing an anastomosis, including the steps of install 
ing an anastomosis ring in an incision (or other ori?ce) in a 
vessel or other organ, installing another anastomosis ring in 
an incision (or other ori?ce) in another vessel or other organ, 
precisely aligning the tWo installed anastomosis rings, and 
fastening the aligned rings together. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0015] FIG. 1 is a perspective vieW of an embodiment of 
the inventive ring for use in performing anastomosis Without 
hand sutures. 

[0016] FIG. 2 is a perspective vieW of another embodi 
ment of the inventive ring for use in performing anastomosis 
Without hand sutures. 

[0017] FIG. 3 is a side elevational vieW of the ring of FIG. 
2 

[0018] FIG. 4 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of an apparatus for installing 
it, at an early stage of installation of the ring around an 
incision in the sideWall of a blood vessel. 

[0019] FIG. 5 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of an apparatus for installing 
it, at an intermediate stage of installation of the ring around 
an incision in the sideWall of a blood vessel. 

[0020] FIG. 6 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of an apparatus for installing 
it, at a late stage of installation of the ring around an incision 
in the sideWall of a blood vessel. 

[0021] FIG. 7 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of an alternative apparatus 
for installing it, at an early stage of installation of the ring 
around an incision in the sideWall of a blood vessel. 

[0022] FIG. 8 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of the FIG. 7 installation 
apparatus, at an intermediate stage of installation of the ring 
around an incision in the sideWall of a blood vessel. 

[0023] FIG. 9 is a side cross-sectional vieW of a portion of 
the ring of FIG. 1 and a portion of the FIG. 7 installation 
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apparatus, at a late stage of installation of the ring around an 
incision in the sideWall of a blood vessel. 

[0024] FIG. 10 is a perspective vieW of an embodiment of 
the inventive anastomosis ring, With its tines (61) in their 
initial con?guration. 

[0025] FIG. 11 is a side cross-sectional vieW of a portion 
of ring 60 of FIG. 10, and of a portion (shoWn in phantom 
vieW) of another ring (identi?ed by reference numeral 260) 
Which is a variation on ring 60. 

[0026] FIG. 12 is a side cross-sectional vieW of portions 
of rings 60 and 260 of FIG. 11, after the tines thereof have 
been curled and formed in accordance With the invention. 

[0027] FIG. 13 is a perspective vieW of the ring of FIG. 
10, With each of its tines 61 in its ?nal con?guration. 

[0028] FIG. 14 is a side cross-sectional vieW of a portion 
of ring 60 (With one tine 61 in the FIG. 13 con?guration) 
installed in tissue of a ?rst vessel at the edge of an incision, 
and a second vessel (shoWn in phantom vieW) aligned With 
the ?rst vessel. 

[0029] FIG. 15 is a perspective vieW of a portion of a 
variation on ring 60 of FIG. 10, With one of its tines (61‘) in 
its initial con?guration. 

[0030] FIG. 16 is a side cross-sectional vieW of a portion 
of an embodiment (80) of the inventive ring and a portion of 
a tool (79) for installing this ring, in the con?guration in 
Which they Would be at an early stage (to be referred to as 
a “?rst” stage) of installing the ring around an opening of an 
organ. 

[0031] FIG. 17 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a second stage of installing the ring around an 
opening of an organ. 

[0032] FIG. 18 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a third stage of installing the ring around an 
opening of an organ. 

[0033] FIG. 19 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a fourth stage of installing the ring around an 
opening of an organ. 

[0034] FIG. 20 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a ?fth stage of installing the ring around an 
opening of an organ. 

[0035] FIG. 21 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a siXth stage of installing the ring around an 
opening of an organ. 

[0036] FIG. 22 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a seventh stage of installing the ring around an 
opening of an organ. 

[0037] FIG. 23 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at an eighth stage of installing the ring around an 
opening of an organ. 
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[0038] FIG. 24 is a side cross-sectional vieW of ring 80 
and tool 79 of FIG. 16, in the con?guration in Which they 
Would be at a ninth stage of installing the ring around an 
opening of an organ. 

[0039] FIG. 25 is a simpli?ed perspective vieW of the 
distal end of tool 79 (of FIG. 16), Without sleeve 75, and 
With ring 80 mounted thereon. 

[0040] FIG. 25A is a perspective vieW of ring 80 around 
a preferred (?uted) implementation of anvil 70. 

[0041] FIG. 26 is side cross-sectional vieW of a portion of 
ring 80 of (of FIGS. 16-25) and a portion of another 
embodiment of the inventive tool (90) for installing this ring 
around an opening of an organ. 

[0042] FIG. 27 is a detail vieW of a portion of the 
apparatus shoWn in FIG. 26. 

[0043] FIG. 28 is a side cross-sectional vieW of a portion 
of ring 80 and a portion of tool 90, Which have been installed 
(using tool 90) around an incision in a blood vessel. 

[0044] FIG. 29 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 100 and 110) having tab 
fasteners for fastening the rings together. 

[0045] FIG. 30 is a perspective vieW of a portion of a 
variation on anastomosis ring 100 (of FIG. 29) having a tab 
fastener Which is a variation on fastener 101 of FIG. 29. 

[0046] FIG. 31 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 130 and 110) having tab 
fasteners, one of Which (tab 131) is a variation on fastener 
101 of FIG. 29. 

[0047] FIG. 32 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 140 and 150) having a 
different type of tab fasteners for fastening the rings 
together, With the fasteners in an open (unlocked) con?gu 
ration. 

[0048] FIG. 33 is a perspective vieW of the elements 
shoWn in FIG. 32, after these elements have been moved 
relative to each other into a closed (locked) con?guration to 
fasten the rings together. 

[0049] FIG. 34 is a side cross-sectional vieW of portions 
of tWo aligned anastomosis rings (rings 160 and 180) having 
spring fasteners for fastening the rings together. 

[0050] FIG. 35 is a perspective vieW of portions of the 
aligned anastomosis rings 160 and 180 shoWn in FIG. 34. 

[0051] FIG. 36 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 160 and 170) having spring 
fasteners of another type for fastening the rings together. 

[0052] FIG. 37 is a perspective vieW of a portion of a 
variation on ring 170 of FIG. 36. 

[0053] FIG. 38 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 190 and 200) having spring 
fasteners of another type for fastening the rings together. 

[0054] FIG. 39 is a perspective vieW of portions of tWo 
aligned anastomosis rings (rings 190 and 210) having tab 
fasteners for fastening the rings together, With the fasteners 
in an unlocked position. 
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[0055] FIG. 40 is a perspective vieW of portions of aligned 
rings 190 and 210 of FIG. 39, With the tab fasteners in a 
locked position. 

[0056] FIG. 41 is a side cross-sectional vieW of a portion 
of an embodiment (220) of the inventive ring and a portion 
of a tool (230) for installing this ring, in the con?guration in 
Which they Would be at an early stage (to be referred to as 
a “?rst” stage) of installing the ring around an opening of an 
organ. 

[0057] FIG. 42 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a second stage of installing the ring around an 
opening of an organ. 

[0058] FIG. 43 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a third stage of installing the ring around an 
opening of an organ. 

[0059] FIG. 44 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a fourth stage of installing the ring around an 
opening of an organ. 

[0060] FIG. 45 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a ?fth stage of installing the ring around an 
opening of an organ. 

[0061] FIG. 46 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a siXth stage of installing the ring around an 
opening of an organ. 

[0062] FIG. 47 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at a seventh stage of installing the ring around an 
opening of an organ. 

[0063] FIG. 48 is a side cross-sectional vieW of ring 220 
and tool 230 of FIG. 41, in the con?guration in Which they 
Would be at an eighth stage of installing the ring around an 
opening of an organ. 

[0064] FIG. 49 is a side cross-sectional vieW of a portion 
of an embodiment (320) of the inventive ring and a portion 
of a preferred embodiment of the inventive tool (330) for 
installing the ring, in the con?guration in Which they Would 
be at an early stage (to be referred to as a “?rst” stage) of 
installing the ring around an opening of an organ. 

[0065] FIG. 50 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a second stage of installing the ring around an 
opening of an organ. 

[0066] FIG. 51 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a third stage of installing the ring around an 
opening of an organ. 

[0067] FIG. 52 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a fourth stage of installing the ring around an 
opening of an organ. 

[0068] FIG. 53 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a ?fth stage of installing the ring around an 
opening of an organ. 
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[0069] FIG. 54 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a sixth stage of installing the ring around an 
opening of an organ. 

[0070] FIG. 55 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at a seventh stage of installing the ring around an 
opening of an organ. 

[0071] FIG. 56 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at an eighth stage of installing the ring around an 
opening of an organ. 

[0072] FIG. 57 is a side cross-sectional vieW of ring 320 
and tool 330 of FIG. 49, in the con?guration in Which they 
Would be at an ninth stage of installing the ring around an 
opening of an organ. 

[0073] FIG. 58 is a perspective vieW of tWo of the 
inventive anastomosis rings (380 and 400), each installed in 
an incision in a different blood vessel, and a pair of forceps 
420 gripping one of the blood vessels. Rings 380 and 400 are 
preferred embodiments of the inventive anastomosis rings. 

[0074] FIG. 59 is a cross-sectional vieW of the apparatus 
and tissue of FIG. 58, after ring 400 has been loWered onto 
docking tabs 383 of ring 380. 

[0075] FIG. 60 is a cross-sectional vieW of the apparatus 
and tissue of FIG. 59 after rings 380 and 400 have been 
aligned, While docking tabs 383 are being folded into a 
locking con?guration 

[0076] FIG. 61 is a perspective vieW of ring 380 of FIG. 
58, in its pre-installation con?guration. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0077] The expression “malleable” element is used herein 
to denote an element that, When deformed from a ?rst shape 
into a second shape, Will not relax back into the ?rst shape 
from the second. A ?exible element can be elastic or 
malleable (the term “?exible” is used in a broad sense 
encompassing both the narroWer terms “malleable” and 

“elastic”). 
[0078] FIG. 1 is a perspective vieW of an anastomosis ring 
10, Which is an embodiment of the inventive ring for use in 
performing anastomosis Without hand sutures. Ring 10 is 
integrally formed from metal, and includes a central ring 
portion 11, and tines 12 and docking features 15 and 16 
Which extend out from ring portion 11. Preferably, each of 
docking features 15 and 16 is implemented so as to add 
stiffness to ring portion 11, and to de?ne at least one snap 
feature (or other fastener) for using in fastening together ring 
10 (after it has been installed in a vessel or other organ) With 
another anastomosis ring. Tines 12 are malleable. Ring 
portion 11 can be implemented to be ?exible but is prefer 
ably rigid. Ring portion 11 is substantially ?at in a plane 
perpendicular to the central axis of ring 10. 

[0079] Each tine 12 is manufactured to be generally ?at, 
and is then bent so as to de?ne a bent edge 13 betWeen ring 
portion 11 and a distal tine portion Which terminates at a 
sharp distal end. In the initial con?guration, the distal tine 
portions are oriented at least substantially perpendicularly to 
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the plane of ring portion 11. Each tine 12 is preferably 
tapered, With its Width decreasing from its relatively Wide 
proximal end (at portion 11) to its sharp distal end. Each tine 
12 also has a hinge or Weak section (sometimes referred to 
herein as a “Weak portion”) at a location that is separated 
from (but typically near to) edge 13. Such Weak portions are 
not labeled in FIG. 1. The number of tines is variable and 
depends on the siZe of the ring and the siZe of the tines. The 
number should be suf?cient to ensure that all of the tissue 
surrounding the ori?ce is grasped and everted. 

[0080] The method for installing ring 10 (and variations 
thereon) in an opening (e.g., incision) in a vessel or other 
organ Will be described beloW in detail, but is generally as 
folloWs. An anvil is inserted through the opening into the 
organ, and ring 10 is positioned With the sharp tips of tines 
12 contacting the tissue surrounding the opening. An instal 
lation tool is then operated to drive tines 12 against the anvil, 
causing tines 12 to penetrate through the tissue into contact 
With the anvil and then begin to curl (or to begin to curl 
against the anvil and then penetrate the tissue as they 
continue to curl) so as to engage (and grab) the tissue and 
optionally also to begin to evert the tissue that surrounds the 
opening. Then, the anvil is retracted through ring portion 11, 
thereby causing each tine 12 to fold or buckle about its hinge 
(or Weak portion) and thus move into a folded (or buckled) 
and curled con?guration. The tines grab the tissue surround 
ing the opening and thus evert the incised tissue edges as 
they fold or buckle in response to action of the anvil. In some 
cases, additional shaping forces are exerted on the tines to 
move them from their folded (or buckled) and curled con 
?guration into a ?nal con?guration. Retraction of the anvil 
does not signi?cantly deform ring portion 11 although it 
does deform tines 12 relative to ring portion 11. When tines 
12 have been deformed into their ?nal con?guration and the 
anvil has retracted out of engagement With ring 10, ring 10 
is fully installed at the opening of the organ With ring portion 
11 surrounding the opening (so that ?uid can ?oW through 
the opening), ring 10 holding tissue around the opening so 
as to expose its intima, and docking features 15 and 16 
exposed so that features 15 and 16 can be aligned With and 
fastened to docking features of another ring that has been 
installed at an incision in (or opening of) another organ to 
produce an anastomosis that joins the tWo organs. 

[0081] FIG. 2 is a perspective vieW of an anastomosis ring 
20, Which is another embodiment of the inventive ring for 
use in performing anastomosis Without hand sutures. Ring 
20 is integrally formed from metal, and includes a central 
ring portion 21, and tines 22 and docking features 25 and 26 
Which extend out from ring portion 21. Ring 20 differs from 
above-described ring 10 primarily in that its central ring 
portion 21 is tubular (in the sense that it surrounds a central 
axis, has substantially greater length (parallel to the central 
axis) than Width (perpendicular to the central axis), and 
de?nes a circular or oblong cross-section in a plane perpen 
dicular to the central axis) rather than ?at, and in that tines 
22 have slightly different shape than tines 12. Tines 22 are 
malleable. Ring portion 21 can be implemented to be 
?exible but is preferably rigid. 

[0082] Docking features 25 and 26 can be identical to 
above-described docking features 15 and 16 of FIG. 1. As 
shoWn in FIG. 3, features 25 and 26 are bent upWard (at an 
obtuse angle) relative to ring portion 21. Alternatively, the 
docking features can be bent doWnWard (at an acute angle) 
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relative to ring portion 21, as are alternative docking features 
25A and 26A shown in phantom vieW in FIG. 3. 

[0083] When tWo rings 20 (or 10) have been installed, 
each in an opening of a different organ, an anastomosis to 
join the organs is accomplished as folloWs: the tWo rings are 
aligned With each other to cause one ring (and the tissue held 
thereby) to meet the other ring (and the tissue held thereby) 
such that there is a plane (denoted herein as a “sealing 
plane”) betWeen the tWo rings; and the aligned rings are then 
fastened together. 

[0084] With reference to FIG. 2, each tine 22 of ring 20 is 
generally ?at. Each tine 22 has a relatively Wide proximal 
portion betWeen ring portion 11 and shoulder 24, and a 
narroWer distal portion beyond shoulder 24. Each tine is bent 
at an edge 23 to de?ne a distal portion (distally beyond edge 
23) and a proximal portion (betWeen edge 23 and ring 
portion 11). Each proximal portion de?nes a shoulder 24. 
The Width of the distal portion decreases in tapered fashion 
from edge 23 to a sharp distal end. The distal portions of 
tines 22 (distal to bent edges 23) are oriented at least 
substantially perpendicularly to the plane of ring portion 21. 
During installation, each tine 22 curls tightly from its tip to 
its edge 23 in response to being advanced against an anvil of 
an installation tool. Later during installation, each tine 22 
tends to fold or buckle at shoulder 24 (rather than at other 
locations along the tine) in response to retraction of the anvil 
upWard (When vieWed as in FIG. 2) through ring portion 21, 
so that shoulder 24 de?nes a hinge (or Weak portion) of tine 
22. In some implementations, each tine 22 also has an 
additional hinge or Weak portion (not labeled) at a location 
Which is separated from (but typically near to) shoulder 24 
and separated from edge 23. 

[0085] More generally, in embodiments of the inventive 
ring in Which each tine (in its pre-installation con?guration) 
has a proximal portion that extends radially inWard toWard 
the ring’s central axis and a distal portion orientated at least 
substantially parallel to the ring’s central axis (e.g., the 
embodiments of FIGS. 1 and 2), the distal portion is 
preferably tapered to its sharp tip to guarantee a tight curl 
When curling against the anvil of the installation tool during 
installation. The proximal portion need not be tapered 
(although the proximal portion of each tine of ring 10 is 
shoWn to be tapered in FIG. 1). In typical implementations, 
the proximal portion of each tine is not tapered (as in FIG. 
1) and instead de?nes a shoulder (e.g., shoulder 24 of each 
tine of FIG. 2) or other hinge or Weak portion (e.g., a hole), 
so that When the anvil of the installation tool is retracted (so 
as to fold or buckle the tines radially outWard and thereby 
evert tissue being grabbed by the tines), each tine Will 
preferentially fold or buckle at the shoulder (or other hinge 
or Weak portion) of its proximal portion in response to the 
force exerted by the retracting anvil. 

[0086] The method for installing ring 20 (and variations 
thereon) in an opening (e.g., an incision) in a vessel or other 
organ Will be described beloW in detail, and is basically the 
same as the method for installing ring 10. An anvil is 
inserted through the opening into the organ, and ring 20 is 
positioned With the sharp tips of tines 22 engaging the tissue 
surrounding the opening. An installation tool is then oper 
ated to drive tines 22 against the anvil, causing tines 22 to 
penetrate through the tissue into contact With the anvil and 
then begin to curl (or to begin to curl against the anvil and 
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then penetrate the tissue as they continue to curl) so as to 
engage (and grab) the tissue and optionally also to begin to 
evert the tissue that surrounds the opening. Then, the anvil 
is retracted through ring portion 21, thereby causing each 
tine 22 to fold or buckle about one or more hinges (or Weak 
portions) thereof and move into a folded (or buckled) and 
curled con?guration. The tines grab the tissue surrounding 
the opening and thus evert the incised tissue edges as they 
fold or buckle in response to action of the anvil. In some 
cases, additional shaping forces are exerted on the tines to 
move them from their folded (or buckled) and curled con 
?guration into a ?nal con?guration. Retraction of the anvil 
does not signi?cantly deform ring portion 21 although it 
does deform tines 22 relative to ring portion 21. When tines 
22 have been deformed into their ?nal con?guration and the 
anvil has retracted out of engagement With ring 20, ring 20 
is fully installed at the opening of the organ With ring portion 
21 surrounding the opening (so that ?uid can ?oW through 
the opening), ring 20 holding tissue around the opening so 
as to expose its intima, and docking features 25 and 26 
exposed. 
[0087] The tines of each embodiment of the inventive ring 
(including ring 10 or 20) are preferably Wide and ?at so that 
each has a relatively Wide surface oriented parallel to the 
edge of the opening at Which the ring is to be installed. This 
alloWs the tines ef?ciently to exert everting force on the 
tissue around the opening Without tearing or otherWise 
causing trauma to the tissue, While at the same time the tines 
can be easily formed in response to exertion of moderate 
forces thereon (e.g., forces Which fold or buckle the tines 
about their hinges or Weak portions). 

[0088] Ring 10 can be installed using an installation tool 
comprising anvil 30 and independently translatable sleeves 
31 and 32 (as shoWn in FIGS. 4, 5, and 6) at the site of an 
incision in the side Wall of a blood vessel having exterior 
surface 40 and interior surface (inside lining or “intima”) 41. 
Only the right half of the distal portion of each of elements 
30, 31, and 32, and the right edge of the incision (Whose axis 
of symmetry extends perpendicular to the plane of FIG. 4) 
are shoWn in FIGS. 4, 5, and 6. FIG. 4 shoWs ring 10 and 
the installation tool at an early stage of the installation 
process, FIG. 5 shoWs them at a later stage, and FIG. 6 
shoWs them at a still later stage. When anvil 30 has retracted 
(upWard) into the position shoWn in FIG. 6, ring 10 has been 
installed With ring portion 11 extending around the incision, 
tines 12 grabbing the tissue around the incision, and tines 12 
having been deformed so as to evert the incised edges of the 
tissue to expose the intima 41 of the blood vessel as shoWn 
in FIG. 6. 

[0089] More speci?cally, as shoWn in FIG. 4, anvil 30 is 
inserted into the incision. Sleeves 31 and 32 are then 
advanced distally to drive tines 12 of ring 10 into the tissue, 
so that the tines penetrate the tissue and engage the tine 
forming surface 30A of anvil 30, and so that the tines begin 
to curl radially inWard (toWard the central axis of anvil 30) 
as they advance against anvil surface 30A. Then, as shoWn 
in FIG. 5, While sleeves 31 and 32 press ring 10’s ?at ring 
portion 11 in the distal direction against the vessel’s exterior 
surface 40, anvil 30 is retracted in the proximal direction 
(toWard the top of FIG. 5) to cause surface 30A to begin to 
bend the distal portion of each tine 12 toWard the top of FIG. 
5 relative to the rest of ring 10. Since the tines 12 extend 
through the tissue, the tines grab the tissue as they bend, and 
































