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GRAFT AND CONNECTOR DELIVERY
RELATED APPLICATIONS

The present application is related ta the following PCT applicaticns filed by applicants
Bypass Inc, ot al, PCT/ILS9/00285, PCT/IL99/00284, PCT/ILOS/O0674, PCT/ILIS/00570,
BCTABOMOO302  and  PCT/IBO0/003LO, and  PCT/ILOO/AN60S,  PCTALO0/00611,
PCI/ILGL/00074 and an application filed on even date as tbe instant application, in the [arael
Receiving Office of the PCT, tiiled “TRANSVASCULAR BYPASS METHOD AND
SYSTEM" and having attorney docket 088/02021, all of which designate the U3, the
disclosurcs of which are ircorporated herein by refercnce.

FIELD OF THE INVENTION

The present invention relates 1o the manipulation of vessel hole lips, especially for

sffecting anastomosis connections,
BACKGROUND OF THE INVENTION

Eversion of vessel lips is typically performed outside the body, for example as
described in US patents 5,366,462 and 5,695,504, the disclosurc of which is incorporated
herein by reference. However, the lips of a hole in an aona cannat be thus manipulated, since
the aorta must remain in the body.

SUMMARY OF THE INVENTION

An aspect of seme embodiments of the investion relates to cversion of the lips of a
hole in a blood vessel, for example se that they are engaged by an anastomotic cennector or a
hole closure device. In an exemplary embodiment of the inventicn, a puller is used to refract
Ike lips into the connector. Optionaily, the puller is removable, for exumple being part of 2
device delivery syslem. Altemnatively, the puller may remain in the connection. Alternatively,
no puller is used, for example, a change in the device geometry causing ¢he lips to be retracted.
Altematively 1o retraction into the device, the retraction is inta the delivery systent, after which
the anastomotic device is applied. The delivery system, in some embodiments of the invention,
guides the retraciion.

In an exemplary embodiment of the invention, the pullers transfix the lip. Aliernatively,
the pullers only engage the lip.

The pullers may be used in various types of vascular devices, whereby the pullers bring
the lips of the blood vessed into & desired location relative to another Jip or a device, and
optionally hold the lip in plece, or move it, during an operation of the device. Qptianally, more

than one set of pullers is provided, for example, for manipulativg mulliple vesssls, Where a
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plurality of puilers are provided, the pullers may, for example, act simultaneously o in
sequence.

The anastomatic deviee may have, for example, one part, two parts or may comprisc a
plurality of independent (or attached by a thread) clamping elemaents.

The tetracted lips may be pressed against each other to prevent blood leakage.
Alternatively, they may be pressed against a part of the device.

An aspect of some embodiments of the invention relates to the design of an
anastamotic connector. [n en cxemplary embodiment of the invention, the connector comprises
a ring and = plurality of fingers aftached to the ring and adapted to engage one or mare blood
vessel lips, by friction between the fingers and the lips. Optionally, fwo sets of fingers are
provided for engaging the lips, one on each side of the ring. Alternatively, only one set of
fingers is provided. Optionally, the fingers do not pierce the Tips, for example, having blunt
tips ar contacting the lips with therr side. The fingers may be, for example, plastically
deformable or they may be clasiic, shape memory andfor super-clastic. Optionally, the fingers
hold two hips together, for exampls, lips of 2 same bloed vessel or lips of two different blood
vessels. Alternatively or additionally to holding the lips against the sarne or other fingers, the
fingers hold the lips againat the ring, Optionally, the fingers fold inwards, towards the ring.

At aspect of some embodiments of the invention relates 1o a method of performing an
anastomosis conpection. In an exemplary embodiment of the invention, a conneclor delivery
device has three states. A first state ip which a plurality of spikes are arranged to be inserted
inte an opening in a blood vessel. In a second state, the spikes arc ruiracted, pulling the blaod
vessel 1owards a graft loaded in the delivery device. In a third state, the spikes are pullad back
su that they tear off. In an cxemplary embodiment of the invention, the spikes are antached to
an end of a tube that is retracted by the delivery systsm. In an opticnal third state, further
retraction of the spikes splits apart the delivery system, for example, by a knifs or a pratrusion
on the retracied spike tibe.

In an exemplary embodiment of Lhe invention, the spikes are ripped ofT by being pulled
against a fitst apertured ring, the ring having apertures that are smaller than protrusions on the
spikes. Optienally, the apertures are slots in the ring and the spikes are restrained from fmoving
sideways in the slols by a second apertured ring. Optionally. the second aperlured ring serves
as a hase ring for holding together the ripped spikes, Opiionally, the base ring js thinger than

the fiest apertured ring,

JP 2004-500209 A 2004.1.8
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A similar device may be used for sealing & hole, for exaruple, if the ring compresscs
tadially, twists and/or if the ring is a sealed cirele.

An aspect of some embodiments of the invention relates 1o 2 method of attaching two
blood vesse! using multiple clips. In an exemplary embodiment of the invention, the lips of the
twa blood vessels are everted and the clips arc closed onlo the evertel part, so thal the olips
remain outside the blood vessels and there is an intima-to-intima connection betwzen (he blood
vessels, In some embodiments of the invention, the lips are everted vsing hocks that transfix
the lips. Alternatively, the hooks do not traps{ix the lips.

An aspecl of some embodiments of (be invention relates to a method of mounting a
graft on 2 conuector, such that graft parts thal are folded back lie between and adjacent to
forward spikes, rather than heing transfixed by the spikes. The parts of the graft may be held in
place by remcvable spikes while an anastomosis to o target vessel is being performed.
Altermatively, the connector may include a second set of spikes, which hold the graft pants in
place.

An agpeci of some embodiments of the inveniion relates to a method of mserting spikes
of an anastemosis connector into a target vessel In general, when the forward spikes ol the
connector are lhin, long zod hocked zt their ends, they are susceptible o interlocking, which
interlocking prevents proper deployment of the connector. Such interlocking is more likely Lo
occur if the insertion of the spikes into the target vessel is rushed, for oxample, if blood is
spurting out of the farget vessel or (he target vessel is sealed.

In an exemplary emhodiment of the invention, a two step process is provided. Tn a first
step, 4 cul is made in the vessels and a guide is inserted into the thus formed cut. In a second
step, the forward spikes are mserted through the guide, the pujde is removed ang the
eennection is performed by retracting the spikes, Optionally, (ke guide is removed by jt being a
tcarable tube that is retracted over a delivery system, which relraction tears the guide

There is thus provided in accordance wilh an exemplary embodiment of the invention,
a vageular attachment device for sealing an opening berwegen two blood conduil lips,
comprising:

aring element;

a plurality of fingers mounted on said ring element and adapted to seal at Jeast a poriion
af zn opening between two blood conduit lips by compressing said at Jeast two lips botween a

finger and at at least one of said finger and said ring; and

JP 2004-500209 A 2004.1.8
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at least ane puller apike adapted for pulling, mside the body, at least one of said lips to
a space defined between said finger and said ring. Opticnally, said fingers are restrained back
from a resting position in which they engage said lip in said space. Allemnatively or
additionally, said al Jeast one puller is integral with an elongate retractable tube. Allernalively
or additionally, said at lcast one puller comprises a plurality of pullers arranged in the form of
a cone, an apex of said cone being adapted for mscrting into an opening io a blood vessel.
Optionally, said al Jeast onc puller is outside of said ring such that when said pullers are
retracted, the cone opens up. Alternatively or additionally, each puller compiises a bent tp,
adapled (o engage said lip.

In an exemplary embadiment of the invention, each puller comprises a designated tear
area, for tearing said pulier after it is relracted towards said ring, so that only a tip portion of
said puller remains in the body. Optionally, said tip portion is pre-curled such that said learing
allows said pestion to revert to & curled closed state. Allematively or additionally, each puller
comprises a trans-axial protrusion for stopping retraction of said tip portion.

In an exemplary embodiment of the inventionr, each puller is smooth, to allow
retraclion of said puller through said lips and out of safd bedy.

Alternatively or additionally, sach palier has a sharp tip adapted for insertion through a
graft wall.

In an exemplary embodiment of the invention. said ring has the shape of an ellipse.

Tn an exemplary embodiment of the invention, said fingers do not penetrate any of said
lips.

There is thus provided in accordanee with an exemplary embadiment of the invention,
a vascular attachment device for sealing an opening between two hlood conduit lips,
comprising a plurality of bendable clips, said clips being adapted for gripping two lips between
them and for sealing said opening by forcing said lips towards each other, wherein said clip
clements are blant and do not penetate said blood conduit walls, Optionally, said clips are
arranged on a ring.

There is also provided in accordance with an exemplary embodiment of the invention,
a vascular attachment device for sealing an opemung between two blood conduit lips,
comprising:

a ring element defiwng 4 plurality of apertures;

a plurahty of puller spikes having tips and defining designated tear areas near said tips,

said tips being adapted to fit thiough said apertures and integral with a retractable elongate
4
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tube. such that when said device is deployed only said tips of said spikes remain in said body.
Optionally, said tibe is an axially split tube. Altematively or additionally, said tube comprises
2 protrusion zdapled for axially splitting a matching delivery system, when said tube is
sufficiently rotracted. Altemnatively or additionally, said spikes are pre-curled, such that when
said spiked arc torn at said designeted tear areas, said 1ips revert (0 a pre-cucled state having a
grealer curl arg angle than prior to sajd tearing. Alternatively or additionally, said apertures
define leaf elements for preventing reverse motion of said spikes. Alteretively or additionally,
said spikes define a protrusion on said spikes adjacent said desighated fear arcas.

There is also provided in accordance with an exemplary embodiment of the invention,
a conneclor delivery system, comprising:

a retractor;

a tubg integral with a plurality of puller spikes of said conneclor, said tube coupled to
said tetractor for retraction thereby, said spikes definiag at least one thickened areas om at Jeast
onc spike; and

a base ring for proventing said at least one thickened areas from rotracting, thereby
vausing said spikes to tear when said retractor retracts said tube a sufficieni amount.
Optionally, said tube comprises a protrusion and wherein said delivery system is adapted to be
split by said protrusion when said fube is sufficicntly retracted. Altematively or additionally,
said systern comprises a stationary fube for maintaining said base ring in place relative to said
integral tube.

There is also provided in accerdance with an exemplary embediment of the invention,
2 cannector delivery system for delivering a ring conneclor having a plurabty of fingers, said
fingers defintng an open configuration and a closed configuration mounted thercon,
comprising:

atelraclor

a fuybe integral with a plurality of puller spikes and coupled to said retractor for
retraclion thereby; and

an outer tube adapted to close a plurality of said fingers, when said puller spikes are
retracted into said ring connecter. Optionally, said outer tube defines 2 plurality of siots, for
puiding a straightening of said puller spikes, when said puller spikes are retracted past said
conncetor.

In an excmplary emhodiment of the invention, said fingers close plastically. Optionalty,

said outer tube has an inner lip with an inner diameter smaller than an outer diameter of said

5
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connector, such that when said outer tube is moved relative to said connector, said fingers are
pushed inwards by the inner lip towards said ring.

In an exemplary embodiment of the invention, said fingers close to said closed
configuration by said fingers being released. Optionally, said onter tube defines an inner lip,
against which said fngers are held away from said ring, such that when said cuter tube is
refracted, said fingers are released from said lip and close. Alternatively, said cuier tube
defines a plurality of slots. said fingers being held in said slots, such that when said outer tube
is retracted, said fingers are released fom said slots and cless. Optionally, szid slots have a
width said slot width being narmower than & width of said fingers. Optionally, said slot width is
less than 10% narrower than said finger width.

In an exemplary embodiment of the invention, said system comprises a stationary tube
for maintaining said connector in place relative to said integral tube.

There is also provided in accordance with an exemplary emboediment of the invention,
a2 method of pulling back fingers of a ring conneclor, in preparation for performing an
enastomosis connection, comprising:

providing a connector delivery system including a slotted outer tube, said connectar
being mounted inside said (be, suck thet said fingers match vp with said slats;

inserting 2 teol into a slot to be guided by said slot and to contact said finger; and

pulling back said fingers wsing said tool, to be held by said slotted outer tube.
Opticnally, said fingers are pulled back to lie n said slots, Alleroatively, said fngers arc pulled
back using a fool inserted through said slots, such. that said fingsrs lic within an inner lip of
said owter tube.

There is alse provided in accordance with an exemplary embodiment of the inventicn,
apparalus for anastomosts, comprising:

a delivery systemn includes conical shaped arrangement of puller spikes;

a cone shaped body defining an opening al either end, 2 wide opening, at abase thercof,
for receiving said conical arrangement and a naow opening, 2t an apex thereof, for insertion
into a blood vessel. Optionally, said cone shaped body is so shaped that when smd delivery
system is advanced, said narrow opening widens. Altcmatively or additicnally, said cons
shaped body is pre-split axially. Altematively or additionally, said apparatus comprises a
culling mechanism adapted to {it in sajd cone and comprising at least one cutting blade that fits

through said narrow opening said cone. Optionally, said apparatus compriscs a smaller, base-
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first cone having an apex meeting said apex of said cane, for inserting in a hole cut by said at
Ieast one blade, such that said smaller cone and said cone define a saddle.

Tn an exemplary cmbodiment of the invention, said cone is at Jeast partisglly pre-split
from an apex thereof. Optionally, said cone is pre-split on opposite sides.

BRIEF DESCRIPTION OF THE FIGURES

Non-limiting embodiments of the invention will be deseribed with reference to the
following description of exemplary embodimenss, in conjunclion with the figures. The figurcs
are generally not shown (o scale and any measwements are only meant to be cxemplary sad
not necessarily limiting. In the figures, identical structures, elements or parts which appear in
rore than onc figure are preferably labeled with a same or similar number in 2ll the figures in
which they appear, in which:

Figs. [A-1D illustrate a blood vessel atiachment method and apparatus, in accordance
with an exemplary embodiment of the invenlion;

Fig. 1E is a top view of a clip suftable for the method illustrated in Figs. 1A-1D;

Figs. ZA-2B 1lustrate 2 blood vesscl attachment method, in accordance with an
alternative excmplary embodiment of the invention;

Fig. 2C iilustrates an alternative blood vessel attachment device, in accordance with un
aliernative exesnplary embodiment of the invention;

Fig. 2D illustraies an allernalive ¢lip, in aceordange with an exemplary embodiment of
the invention;

Figs. 3A-3D} illustrate a hole-closure device based on a clip-puller combination, in
aceordance with an exceplary ecmbodiment of the invention,

Fig. 4 illusirates a rouli-clip conmecter, in accordance with an exemplary embadiment
of the invention;

Figs. 5A-5F illustrate a method of deploying the clip of Fig. 4, in accordance with an
exemplary embodiment of the invention;

Figs. 6A-6C illusirate an sliernalive method of depiloying multiple clips in an
anastomotic connection, in aceordance with an exemplary embodiment of the invention;

Fig. 7 is a ring-clip anastomosis comnector, in accordance with an altemnalive
excmplary embediment of the invention;

Fig. 8 is a cut-through view of a iip of a leaded delivery system for delivering ithe
connector of Fig. 7, in accordance with an exemplary embodiment of the invention;

Fig. 9A is a perspective view of the tip ol the Joaded delivery system of Fig. 8;
7
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Fig. 9B is a perspective view of the fip of an altermnative loaded delivery system, in
aceordance with an exemplary embodiment of the invention;

Fig. 10A is a perspective view of the complete loaded delivery system of Fig. §;

Fig. 10B is cot, through 2 side view of the complete loaded delivery system of Fig. §;

Figs. 11A-11E illustratc a connector in which a parlial eversion i achieved, in
aecordancc with an exemplary embodiment of the invention;

Figs 12A illustrates a part of an anastomolic conncctor, in accordance with an
cxemplary embodiment of the invention;

Figs. 121121 illustrate a process of deploying a cormeetor, in which part of the
conneelor is removed;

Figs. 1 2E-12G illustrate the cffect of the process of figs, 12B-12D, for a single spike of
the connector;

Figs. 12H-12J illustrate a connector with sclf-cusling spikes, in accordance with an
exempiary cmbodiment of the invention;

Figs. L3A and 13B show a connector delivery system, in aceordance with an exetnplary
embodiment of the invention,

Figs. 14A-14D illustrate a pair of interacting rings and (heir use in the system of Fig.
13

Fig. 15 illusiraies & vesse) punching and penetration device, in accordance with an
exemplary ecmbodiment of the invention;

Figs. 16GA-16F illustrate a process of performing an anastomosis using the punch
device of Fig 15, in accordance with an exemplary embodiment of the invention; and

Figs. 17A-17C Ulustrate the deploynient of other clip-devices for the altachment of two
bland vessels, in accordance with exemplary enbodiments of the invention.

DETAILED DESCRIPFTION OF EXEMPLARY EMBODIMENTS

Figs. 1A-1D illpstrate a blood vessel attachment method, in accordance with an
cxemplary cmbodiment of the mvention. In Fig. 1A, an cnd-vessel 100 and a side vessel 102
ave attached together using a clip 104. Clip 104 compriscs a (irst arm 106 having a vessel
engaging means, for example a barb 108, for engaging vessel 10, and a second arm 110,
having 2 vessel engaging means such as a barb 112 for enpaging vessel 102. In this and in
other embodiments, the blood vessels and/or grafis may be part of the natwral vasculature,

swuthetic, autologus, xenologus, cadaver grafts and/or any ather type of bleod conduit.

JP 2004-500209 A 2004.1.8
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In Fig. 1A the two vecsscls are engaged by the barbs, such that a lip 114 of vessel 100 is
engaged by barb 108 and a lip 116 of vessel 102 is engaged by barb 112. The two lips may
&but or thers may be a space between them.

In Fig, 1B, clip 104 is (olded so the intima portions of the twa lips are pressed against
each other by the rwo armms of the clip. The barbs prevent an inadvertent release of the vessel
lips during the conformance change and/or provide stability after the connection is completed,

The conformance change of the clip may be effect in vareus ways, for example
clastically, super-elastically or using a shape memory ¢lip, in which cases no external forces
may be required. Alternatively, ¢lip 104 is plastically deformed.

Altheugh clip 104 is shown in Fig. 1A baving an angle greater than 180° between the
amms holding the barbs, in some embodiments, clip 104 is [Iat or bas an angle smaller than
180°, so that the clip can be squeezed shut using a pliers or a clamping scissors. The angle
between the arms may aflect the ezse of mounting the Tips of the vessels onta the barbs.

Figs. 1C and 10} illustrale the use of a puller for retracting the vessel lips onto the
batbs. Fig. 1C shows a puller 120 including a curved tip 122 for pulling lip 114 of vesse) 100
onto barb 108, Fig. 1D shows a puller 127 including a curved tip $26 for pulling lip 116 of
vessel 102 onto barb 112, Allernauvely, other methods of mournting may be used, for example
manual mounting. An cxemplary device for carrying out the method of Fips. 1C-1D &
described below.

In some embodiments of the invention, tip 126 (and 122) {s sharp. Altematively, tip
126 may be biunt. for example to prevent penetration of the lip inwe the blood vesscl wall
engaged by the lip. Tip 126 may also be lorked, for example, to prevent over penctration of the
tip into the blood vessel wall.

Although the above clip is shown for use on side-to-end anastomesis conncctions, it
may also be usced for other types of connections, for example, end-to-end connections and side-
to-side connections.

Fig. 1E is a top view of a clip svitable for the method illustrated in Figs. 1A-1D. In this
exemplary cmbodinrent, clip 104 comprises an eiliptical ring, one side of which 1s arm 166 and
Ihe ather side of which is arm 11¢. The barbs are formed at the apexes of the ellipse. Two
cross-bars 130 are provided to allow the clip itself to be used as a pivoi for pullers 120 and
127. In an alternative embodiment, clip 140 is bar shaped. As will be described below, a

complete anastomosis may require several such clips, or a multi-clip connector.
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Figs. 2A-2B illustrate a blood vesscl attachment mefhod, in accordance with an
altermative exemplary embodiment of the invention. A clip 204, which may be the same as clip
104 of Fig. 1, is mounted on vessel 100 and 102, A single puller 220 inciuding twao barbs 222
and 226, one far sach vessel is shown instead of two scparate pullers. This puller is optionally
used for mounting the vessels on clip 104 of Fig. 1. A contra elemeni 232, comprising two
spaced apart portions is placed behind clip 104, opposite from barbs 222 und 226, When puller
220 is reteacted towards contra element 232, clip 204 is pulled between the contra <lement
portions and bend, thus clamping the two blood vessel lips between the arms. The resulting
completed connmection is shown in Fig, 2B, Conlra element 232 optionally includes an
extension 236 on one or both portion, to prevent over retraction of clip 204, Optionally, contra
elements 232 are brought closer together, to further seal the anasiemesis by bending clip 204.
Contra elements 232 may be removed after the procedure is completed such that only clip 204
stays in the body. It should be eppreciated similar devices may be used for hole closure, for
attaching bips of a same blood vessel.

Puller 220 may be cul at point 234, thue keeping barbs 222 and 226 insidc the
anastormesis connection. Possibly, the barbs are Bio-absorbable, Alteratively or additionaliy,
the barb includes a tissus bending enhancing material. Alternatively or additionally, the barbs
are pulled out of the vessels, possibly tearing the lips of the vessel, at portions outside of the
gonnection area. In one cmbodiment of the invention, the barbs are shorter than the thickness
of the vessel wall, so the tear is not compleie. Possibly, barbs 222 and 226 sofien at body
temperalure or in a liquid or electrolytic environment, allowing them te be pulled out
Alternatively barbs 222 and 226 are bent back by bars 136 {Fig. 1E) allowing them to be mere
easily retracted. Alternatively or additionally, barbs 272 and 226 wre nol sharp and do not
penetrate the vessel wall, but merely pull it back and then can slide past the wall, possibly
deforming, and out of the conmnector. Alicmatively or additienally, puller 220 may be
connected to the rest of the clip, for example, using a thread or wire.

Fig. 2C illustrates an altemaiive blood vessel attachment device 240, in accordance
with an alternative exemplary embodiment of the inventicn. Device 240 comprises a clip 242
and a puller 244, generally similar 1o clip 104 and clip 204. However, clip 242 is pre-bent.
Thus, peller 244 is requized ie pull the tissue lips into a nermrow space 246 formed between the
two arms of clip 242. Barbs 248 can prevent retraction of the lips, once pulled into space 246.
In some embadiments of the invention, space 246 includes a wall (not shown) that divides the

space inta two spaces, one for each lip. Alternatively or additionally to a wall, a gauze, pad or
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bicabsorbable material may be provided as a layer between the twa lips and/or between the
lisp and Lhe device. In an exernplary embodiment of the invention, the layer elules heparin or
other bioad coagulation promoters or antagonists, for example, to prevent clots or to promote
clatting of leakage blood, Other pbarmacsuticals may be provided as well. The pharmacentical
may be soaked in the layer, or, for example, it may be (rapped in 2 matrix, so that it is slowly
seicased over tme.

Fig. 2D iltustrates an allernative clip 252, in accordance with an exemplary
cmbodiment of the invention. The above described clips, for example that of Fig. 1E have
opposing arms. [lowever, this is not required. Clip 252 has one arm 253 on one side of a base
256 and two arms 254 on an opposite side. A taatching asynumetric puller 250 is aiso shown,
that has two puller barbs 260 opposing a single puller barb 260, on a thread 262. Arms 233 and
254 may include barbs, a8 described above. However, in an exemplary embodiment of the
invention, the vascular tissue is pinched between the two arms 254, possibly being forced into
the space between arms 254 by arm 253. Optionatly, the arms extend ar an angle, sa the space
between the arms is more wedge shaped. Passibly, the distance between the arms is shorter
than the combined width of the two targel blood vessels. Alternatively or additionally, arms
234 can be glastically distorted, 1o accommaodate a greater width of tissue.

Figs. 3A-3D illustrate a hole-closure device 300 based on a clip-puller combination, in
accordance with an exemplary embodiment of the invention. Allbough Figs. 1 and 2 are
described with reference to attaching twa lips from different blood vessels, similar principles
may be applied (o vascular hole closure, in which the two lips that are sealed together are Fom
a same blood vessel.

Fig. 3A shows a hole cinsure device 300, in a layout view. In Fig. 3B, device 30 is
folded, such that it has a base 302 and two anms 394, each arm having one or more barbs 306
at iIs ends.

Fig. 3C shows a device 300 being deployed. In an exemplary embodiment of the
invenlion, device 300 is beld against a vessel 312, adjacent a hole 310 therein, by a contra-lube
320, which may be hollow. Altematively, device 300 may be mounted on tube 320, Hole 310
has lips 318 and 320, that can be pulled inta device 300, by a puller 314. Possibly, puller 314
is pulled using a thread or wire 316, which optionally extends threugh ube 320.

Fig. 3D shows hole 310 after puller 314 pulls hips 318 and 320 into device 300. Puller
314 (which may remain in the conncction) is not shown, for example being retracted (possibly

throvgh the hole in basc 302, optionally after being bent back by contact with base 302 itself)
11
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or heing absorbed, as described ahove. Device 300 may be sized to fil various hole sizes and
blood vessel (kickness. Altematively or additionally, a flat device, for example as shown in
Fig. 3A is bent, on the spot, to match desired hole closure characteristics. Although device 300
is shown with two barbs 306 on each arm, 2 greater or smaller number of barbs may be
provided, possibly not opposing barks, or even protrusions (not sharp) insiead of barbs. The
length of the device may depend, for exarmple on the size of hole 310. Altematively or
addittonally, & plarality of devices 300 are applied size by side.

Similarly. the clips of Figs. 1-2 may be provided as individual clips, for example, one
by ene or using & multi-clip delivery systen, for example for skmultaneous delivery. Typically,
several clips are required for connecting two blood vessels wogether, for example, 3, 4, 5, 6 or
more ¢lips. Alernatively, the clips may be connected together, for example using a thread or a
ring, to form & single anastemosis conmector (or hele closure deviee). Aliernatively, previousty
described connectors and hole closure devices (e.g., in the above PCT applications) may be
segmented o provide clips, for example each clip comprising two eppesing spikes and an
optional ring section.

Aliematively or additionally to bending of the spikes/arms, a \orsion bar mechanismt
may be provided for rotation of the arms. In an exemplary embodiment of the invention, base
256 of clip 252 in Fig. 2D cen serve as a torsion bar, that fwists alternatively or additionally to
bendmg of arms 254 and 253, Clip 252 can then be 2 pressure based clip, which simply
forcefully contacts two vascular tissues.

Fig. 4 itlustrates 2 molti-clip comnector 480, in accordance with an exemplary
cribodiment of the invention. Connector 400 comprises a ring 402 having a plurality of “side”
engaging <lips anns 404 and an opposing plurality of “end” engaging clip arms 406. As
shown, epposing clips arms do net nced to have a same radial position, however, that is
possible. Aiternatively or addilionally, the number of “side” and “end” clip arms may be
dilferent. Altismarively or addiiionally, the cannector may be used for two "side” vessel or far
wo “end” vessels. As shown fhe clip arms are not designed to penetrate the vessel walls,
however, in some embodiments, af least some of the clip arms may penetrate the vessel walls,
such arms may include 5 fork design or a protrusion distal from their 1ip, 10 prevent over
penetration and/or motion of the vessel wall along the arm. The clip arms on opposing sides
may have the same or a different general design. Altematively or additionally, the clip arms on
a same side of ring 402 may also be the same (as shown) or different, for example alternating

¢lip arms having different designs.
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Figs. 5A-5F illustrate a method of deploying the clip of Fig. 4, in accordance with an
exemplary embodiment of the invention. In these figures, not all the repealing clements are
shown, to reduce visual cluster. System 500 may be deployed, for example in open surgery, in
endoscopic or throacloscopic surgery and/or in a transvascular approach.

Fig. 5A illustrates o delivery system 500 having mounted therein a graft 502 and a
comnzctor 400. The view is a cross-seclional view selected so that the operation of one “side”
arm 404 and one “end" arm 406 are clearly visible.

Sysicm 500 includes an outer contra tube 506 and an jomer pusher tube 504. Connector
400 is held, for examplc clastically or by friction, by outer contra tube 506. Ax outer base tube
508 is provided for closing the “side™ arms, as will be described below. A plurality of “side"”
vessel pullers 512 are provided through apertures 514 formed in outer tube 506. A plurality of
“end” vessel pullers 510 are provided through apertures 316 farmed in outer fube 506. In an
exemplary embodiment of the invention, arms 504 and 506 are staggered, so that apertures 514
and 516 are siaggered to match the arm locations. The tips of the pullers may ar may hot be
aligned with the arms into which they pull vascular lissue. In some ernbodiments, at leas{ some
of the pullers may be nen-planar.

In Fig. 5B, “end” pullers 510 are retracted, pulling the lips of gralt 502 against <lip
devite 400. This step may be performed inside the body or outside of it.

Fig. 5C shows system 500 near & tarpet side vesscl 520, Target vessel 520 may be, for
example, a coronary artory, a synthetic or bielogical grafl, an soria, a LIMA, a corenary vein,
an aorta or a peripheral blood vessel, such as a femoral artery or a leg vein, or any other known
biood conduit. Also graft 502 may be any known blood conduit. Pullers 512 are extended
forward se that they enter an opening in vessel 520. In some embodiments of the invention, the
insertion of puflers 512 is manual. In others, it 35 facilitated by an alignment of system 500 and
the hole in the larget vessel. It is noted that a punch for forming the opening may be provided
through outer bage tube 508 and then replaced with ihe grafi delivery portion. Alternatively, a
punch may be provided (bwough graft 502. Aliematively, a separate punching tool is used.
Alternativcly, an incision s made using a knife.

in Fig. 5D, pullers 512 arc retracted, pulling the lips of the incision of vessel 520 inlo
the clip, so that the lips of the two vessels are neat, touching or overlapping cach ather,

In Fig. 5E, a proximal inwards pointing portien 522 of base 508 is pushed inwards,
causing arms 404 to close on the lips of vessel 520, and in the proccss possibly alse everting

thern further. Portions 522 may include an inclined portion 526 for guiding the arms to close in
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a destred fashion. One exemplary method of moving portions 522 is advancing an outside tube
524 over base outer tube 508, causing it to radially compress. Although puller 512 may be
distorted during the closing of arms 404, this is generally of no consequence.

In Fig. 5F, inner pusher tube 504 is advanced, closing arms 406 of clip 404. Basc tube
508 may serve as a contra for the pressure. The blood vessels are (hus held securely between
arms 404 and 406, preferably preventing blood leakage.

In some embodiments of the invention, the steps of Figs. 3E and 5F are performed
simulianeously or in an a opposite order. Although simultanesus performance for all the amms
on g sige is preferred, in some cmbodimenis, not all the arus on a single side are closed
logether.

The anastomosis being completed, pullers 512 and 510 may be reiracted and base tube
508 can be radially expanded, to release lip 400. Tnner tube 504 may be advanced further to
release clip 400 from outer tube 506. Altemanively, the pullers may be dealt with as described
zhove, for example, cut and left in the body, possibly to be absorbed.

The above, desctibed the deployment of a plastically deploysd device. In an elastie,
shape-memory or super-elastic device, 2 similar delivery system may be used. For cxample,
base tube 508 may include barbs or an inner lip for maintaining aons 404 open (until base tube
508 is advaaced) and inmer tube 504 may include an extension for preventing arms 406 from
closing {until inner tube 504 is retracted). Even in a plastically deformed device 400, ring 402
may be clastic, for example 1o allow radial compression for deployment and/or for being held
by outer tube 506.

Although Fig. 5 ahove and Fig. 6 below describe a side-lo-end anastemosis, 1t shauld
be appreciated that a similar mechanisn: may be used for oblique, side-to-side and end-to-end
conneclions. [n such connections, the vessel may be aligned in a nov-axial manned to the rest
of delivery system 500, for example, be provided threugh a lumen that is perpendicular to the
system axis. However, the general working of the pullers remaios the same.

Alternatively or additionally, system 500 is a split system (into two, three or move
lengthwise parts), so that it can be more casily removed from graft 502,

Figs. 0A-6C illustrate an alternative method of deploying mulliple clips in an
anastomotic comection, in acecordance with an exemplary embodiment of the invention.

Fig. 6A shows a graft 602, having a lip 604 transfixed on a puller 606. A delivery
system 600, mounted on the graft includes an inner tubc 620 on which an znastomotic

comnecior 608 is mounted. Connector 608 may comprise, for cxample, a ring 616 and a
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plurality ef clip arms 618. In an cxemplary embodiment of the invention, connector 608 is
super-elastic, elastic or shape mernory, with arms 618 prevented from folding in by a restraint
626, In an exemplary embodiment of the invention, an mywardly pointing extension 610 of
restraint 626 includes a circumferencially pointed (e.g., out of the figure plane) bump 612 {or
resiraint 626 is slotted) that prevents arm 618 from radial motion. When restraint 426 is rotared
1elative to connector 608 or when restraint 626 is radially expended, arms 618 are released.

Delivery system 600 further comprises a retracting tubc 624 for retrecting pullers 606
and a conire tube 622, having an optional Lip 614, which prevents retraction of connector 608,

In Fig. 6B, pullers 606 are extended into an incision 634, having lips 632 in a “side”
vessel 630.

In Fig. 6C, pullers 606 are retracted, everting lips 632 and pulling both lips 632 and
lips 604 inio connector 608, Restraint 626 then releases arms 618, allowing the cormector 1o
close, sealing the connection between graft 602 and vessel 630 Pullers 606 are thus penerally
not requited any more, at leasi not for holding vessol 636. Pullers 606 can then be further
retracted, possibly causing no damage to the blood vesscls, as (he pullers are straightened by
1he retraction. Connector 608 can be released, for exampls by advancing conira lube 622. In a
plastically deforrned embodiment, restraint 626 acts as a anvil, to radially compress arms 618.

Arms 618 may have shamp tips, as shown, for examplc to penetrate onc or both of lips
632 and 604, Allernatively, the tips of arms 618 may be blunt, to apply non-penetrating
pressure. Aliernatively, arms 618 may hold lips 604 against the upper part of the cennector and
lips 632 against the ring part of the connecior.

1t should be aoied that while Figs. 5 and 6 illustrate anaslomotic ¢onnectors, a sinular
delivery system may be used for connecting twa lips of a single blood vessel, for example (or
hole closure. In such a case, the connector, instead of being a ring as shown in Fig. 4, may be a
line connector or a circular connector with arms only on its bottam past, pointing n.

Fip. 7 is a ring<lip anastomosis connector 730, in accordance with an alternative
exemplary embodiment of the invention. connector 750 comprises a ring 752, on which a graft
is optionally everted and a pluralily of fingers 754 which are curved, for example, o a “C”
shapc as shown, 5o that they can seal a blood vessel lip against the everted graft. In an optional
cimbodiment, fing 752 is flexible and/or absorbable, for cxample, being made of 2 sunue or
plastic. Alternatively, ring 752 and fingers 754 formed of a single contiguous element of 2
single material. Optionally, fingers 754 have blunt tips 756, which tips do not picrce the blood

vessels being held.
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Fiz. 8 i5 2 cui-through view of 2 tip of a leaded delivery system 800 for delivering
connector 750, in accordince with an exemplary embodiment af the invention.

Delivery system 300 compnises a refractable inner fube 802, a base tube 804 against
which connegtor 750 is maintained and an outer tube 306, In an exemplary embodiment of the
invention, tube 802 is used for retracting- and/or is contiguous with- a plurality of puilers 310.
Optionally, pullers 81¢ end at a haok 812, adapied to engage the lips of an opening of a target
vessel. Optionally, pullers 810 are arranged as a cone and are outside of ring 752. Thus, when
retracted, the pullers tend lo extend cut radially.

In an exemplary cmbodiment of the invention, outer tube 806 defines an inner step 808,
into which fingers 754 may be pulled and restrained, as describad in Fig. ®A.

Fig. BA is a perspective view of the tip of the delivery system §00. Outer ibe 306
defines a pluralily of slots 906, each corresponding to 2 finger 754 of connecior 750. In an
exemplary embodiment of the tnvention, a thin object, such as a pen or a nail is used ta pull
1he finger behind step 808 (Pig. 8), using slot 906 as a guide. For example, the pen is placed
wards of the finger and guided by the sict is pulled back and oul, pulling the finger back with
it. Tn an exemplary embodiment of the invemion, connector 750 is elasiically (or super-
elastically} deformed by this manipulation, so thal when outer tube 806 is retracted, relative ta
base tube 804, the fingers snap back to their resting position (shown in Fig. §) and engage
vascular Uissue belween lingers 754 and ring 752 or within a finger.

Altcmatively, conncctor 750 may be plastically deformable, For exaraple, the advance
of outer tube 806 may close the Bngers against the ning. The resting positien, may (hus have
slightly open fingers. Also in an elastic device, a slight gap may be desirable, for example, {0
prévent pinching of the vascular tissue by the fingers. }

In an exemplary embodiment of the invention, a graft (not shown) is provided through
an opening 02 in delivery system 800 and optionally cverted over ring 752. PCT application
PCT/ILOL/00069 describes an exemplary methed of pulling a grafl through a delivery system
and PCT application PCT/AL01/00074 describes exemplary methods of everting the graft

The graft may be cverted over ring 752 before or after fingers 754 are pulled back.

Optionally, pullers 810 transfix the graft. In one cxample, fingers 754 are pulled back,
the grafl is everied over ring 752 and then the pullers are advanced 10 penetrate the grafi.
Alternatively, for example as described below in Fig. 11, the pullers de not pierce the graft.
Instead, the (at least partially) gverted graft is held in place by some or all of the finpers, in
closed position, The rast of the fingers may be pulled back, to be released by outer tube 806.
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In an exemplary emhodiment of the invention, when pullers 810 are retracted, they pul)
back the lips of the targst vessel, adjacent ring 752, so thal when outer tube 804 is rciracted,
fingers 754 are released to engage the lips. Alternatively, pullers 810 pull the lips between
already closed fingers 754 and ring 752.

In an exemplary embodiment of the invention, delivery system 800 is formed with a
pre-formed split 904, so that when (he connection is completed, system 800 can be split and
easily removed from the graft. In an exemplary embediment of the invention, mwbe 802
includes a knifc or extensicn that causcs system 8% to splil, when retracted. Tube 802 itzelf
may be pre-split.

Fig. 9B i3 a perspective view of the tip of an altemative loaded delivery system 920, in
accordance with an exemplary embodiment of the invention. An outer tube 926 defines a
plurzality of slots 522 each wide enough to contain a [inger 754. In an exemplary embodiment
of the invention, the slots are slightly narrower (e.g.. belween 1% and 20%) than 2 finger 754,
5o that when a finger is pulled into the slot, if lwists a small armount and is maintained in place
by an outer lip 923 of outer tube $26. Retraction of outer tube 926 will cause the fingers 10
distort and 1hen he relzased back to their resting position. Gptionally, the fingers widsn at the
point where they meet the slot,

Also shown are a plurality of optienal slots 924 situated betwesn slots 922, which may
he used for peneiration of the grafl by pullers 810. In an exemplary embodiment of the
inventien, the graft is everted aver lp 923 and (hen pullers 810 are advanced. Slots 924 are
used to guide a narvow object that forces the grafi onto the sharp end of hooks 812, so that the
hooks penetrate the graft. Alernatively or additionally, slots 924 are used lo gmde the
siraightening of pullers £10 when they are retracted out of the blood vessels.

Fig. 104 is a perspective view of the complete loaded delivery system §00, having a
hody 1002. In an cxemplary embodiment of the invention, inner tubc 80 is retracted by
squeszing & pair of levers 1000, so that & base 1004 of lube 802 is retracted. One or mors
safety pins 1066 and 1008 may be provided, for example, to prevent inadvertent retraction of
tube 1008 andfar 1o contral the progression of operations steps. In an exemplary embodiment
of the invention, when inner tube 802 is sufﬁciemly'retmcted, its motion i3 coupled to 2
retraction {or advance) of outer tube 806, so that the fingers 754 are relcased.

Fig. 10D js cut, through a side view of ihe complele loaded delivery systcm 300, Base
1004 35 shown coupled ta a shalt 1010 which may be attached , coupled or contiguous with
inner 1ube 862, Optionally, a ramrewing 1012 is provided in fube 802, to match with a safety
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pin, such as pin 1006, [n an exemplary embodiment of the invention, a pin 1014 of fixed to
outer tube 806 interacts with a slot 1016 of inner tube 802, 1o altow inner tube 802 i retract
outer tube 808§, once inner tube 302 is sufficiently retracled.

Figs. 11A-11E itlustrale a connector 1102 in which a partial eversion is achieved, in
accerdance with an cxemplary embodiment of the invention. Connecter 1102, is superficially
similar to connector 192, in that it has a ring 1104 on which a pluralicy of spikes 1106 having
hook tips 1108 are mounted. These spikes pass through aperiures 1112 in a base ring 1110. Tn
one embaodiment of the invention, however, base ring 1110 includes a second aray of
apertures 1714, throngh which a plurality of graft-pulling spikes 1116, having hooked tips
1118, arc provided. These spikes may be mounted on 2 second ring (not shown) or they may he
part of the delivery system.

In this connector, instead of everting grafl 100 over spikes 1106, graft end 101 is
distorted se that it is at least partially everted over base ring 1110, but abuts the spikes instead
of being transfixed by them.

Fiz, 11A shows a starting pesition, in which graft 100 is inserted into comnector 1102,
and pullcr spikes 1116 are bent over 5o that hooks 1118 are positioned to radially distort graft
end 101.

Fig. 11B shows i top view of Fig. 1A,

Fig. 11C, shows the clTect of pulling spikes 1116, s that hooks 1118 engage and pull
back graft end 101. Spike hooks L 108 arc shown in posilion inside & target vessel 1120.

Fig. 11D is a top view of cornector 1102 in Fig. [1C, showing that portions 1122 of
gralt end 101, which arc between spikes are pulled pas! spikes 1106, Porticns 1124 that are
adjacent spikes are pulled back to zbut spikes 1108. [n general, both types of portions are
everted 90°, 3o that their intima ean contact targel vessel 1120, Optionally, a radial depression
is formed ip the base of spikes 1106, to allow portions 1124 1o be pulled out more.

In Fig. 11E, spikes 1106 are pulled back{e.g., by pulling back ring 1104), so that hooks
1108 engage target vessel 1120 and the anastomesis is completed.

Optionally, spikes 1116 are [uriher retracted, so that they release graft end 101 and are
removed from the body. Tn some embodiments, spike hooks 1118 may rip through portions
7124, Alternatively or additionatly, spikes 1116 arc made of a bio-absorbable maierial.
Possibly, spikes 1116 are arteched to a delivery system used to deliver and deploy connector
1102 and grait 100. Alternatively, spikes 1116 arc cut, so that hooks 1118 remain in the body.

Alternatively, for cxample as shown in Fig. 12, parts of spikes 1116 are torn off.
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As shown, apoitures 1114 are further out radially than apertures 1112, However, they
may he at a same radial distance in other designs.

In an alternative embodiment of the invention, apertures 1114 are formed in a separate
ring {not shown), which is part of the delivery system {nct shown). Alter deployment, this
other ring may be removed from the body.

Alternatively or additionally to apertures 1114 and 1112 being enclosed aperiures, slots
or slits in ring 1110 {c.g., with openings to the outside of ring 1 110) may be provided instead.

Fig. 12A illustrates an exemplary base ring 1200 of an anasiomotic connecctor, in
accordance with an exemsplary embodiment of the invention. Ring 1204 may be used for any of
the connectors Gescribed above. Ring 1200 includes a base part 1202 having formed therein 2
plurality of apertures 1203 for allowing spikes io pass through. Optionally, each aperiure
includes a leaf-spring section 1206. Possibly, when 2 hook is pushed through aperture 1203,
the hook pushes the Icaf-spring aside. In an aliernative embodiment, apertures 1202 are
defined as slots on the outside and/or inside of base 1202.

Figs. 12B-12D illustrate a process of deploying a connector in which part of the
conneetor is retoved, in accordance with an exemplary embodiment of the invention. Fig.
12B shows 2 connector 1201 having 2 base nng 1202, for example as in Fig. 12A and 2
plurality of spikes 1206, having hook-tips 1208, mounted on a ring 1204,

In use, after graft 100 is mounted on spikes 1206, for example using one of the
wethods described above, hooks 1208 are placed inta & target blood vessel, such as vessel
1120 (Fig. 11C). Ring 1204 is then retracted {Fig. 12C), for example by engaging a plurality of
spertures 1210 formed therein, so that spikes 1206 and hooks 1208 are retracted and seal the
znastomasis (Se also Figs. 11A-11E). In Fig. 12D, ring 1204 and most of the length of spikes
1206 is cut off of hooks 1208, Opticnally, spikes 1206 are iom, at a location that is pre-
weakened for such teering. Such weakening can be, for example, by thinning or holing the
conneclor or by chemical and/or heat treatment. In an exempiary embodiment of the invention,
the weakening is formed at a distance that allows the connector to connest two vessels and,
optionally, means for locking the hook portion to the ring.

Figs. 12E-12G illustrate the offect of the process of figs. 12B-12D, on 4 single spike of
the connector. Fig. 12E shows a spikee 1206 that includes a weakening 1220. Optionally, spike
1206 includes an extension 1214, In an exemplary embodiment of the invention, extension
1214 is used 1o preven! spike 1206 from falling off ring 1202, through aperturc 1203.
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Allernatively or additionally, extension 1214 prevents reiraction of hook 1208 while tearing
spike 1206, Optionally, such an extension is defined on only some of spikes 1206.

In an cxemplary embodiment of the invention, 4 stepper 1218, for ¢xample a ring, is
pravided to prevent hooks 1208 from retracting during the tearing. Such a stopper may be
wrged against extension 1214, Altematively or additionully, the stopper may engage the spike,
for example, by clamping on it. An oplional spacer 1214 may be provided to couple stopper
1218 to ring 1202. Optionally, the ¢lamping crimps and/or partially cuts spike 1204, so thai the
weakening is caused or exacerbated by the crimping.

In an exemplary embodiment of the inveniion, ring 1202 is an ¢liipse. In an exemplary
embodiment of the invention, the grafi everted unevenly or is cut at an angle, so thal when the
anastomosis is conplese, an oblique connection will form. [n an exernplary embodiment of the
invention, the axis of the ellipse is use o seleel the inclination dircetion of the connection.
Such an elliptical ring may also be used in the other embodiments herein.

In Fig. 12F, spike 1208 is relracted, while extension 1214 is held, so spike 1206 is tom
at weakening 1220,

Fig. 12G, shows the final completed ansstomosis between graft 100 and farget vessel
1120 (for a single hook 1208},

Alternatively or additionally to providing an exiension 1214, spikes 1206 may be pre-
siresseqd (.1, be super-¢lastic or have shape memory), so that the torn part of the spike folds
back over to fold back over ning 1202. Aligrnatively or additionally, the end of the spike is
bent over.

Tigs. 12H-12J illustrale a connector 1250 with self-curling spikes, in accordance with
an exemplary embodiment of the invention. In connector 1250, a plurality of farward spikes
1252 are curled, at least at their tps. Howevet, when spikes 1252 are rewracted through a base
mine 1254, their lips are pariially straightened by the ring. The spikes may then be tom, as
described before, for example adjacent a thickening 1254 in the spikes, at which time, the
spikes will revert to their curved shape, as shown in Fig. 12]1. In the eurved configuration, the
1ips of the spikes are less likely to fall off ring 1256 and/or may apply a greater sealing
pressure. Alternatively or additionally, the use of a curved (ip reduces the presence of sharp
peints outside the blood vesscl. In an exemplary smbodiment of the invenlion, the curled
spikes defince an arc of over [8{)°, aver 200%, over 274°, over 3607 or any greater, smallcr or

intermediate arc angle.
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Figs. 134 and 13B show a connector delivery system 1300, in accordance with an
exemplary embodirnent of the invention. Unlike delivery system 800, which is operated by
lever 1000, system 1300 is operated by rotation of a knob 1312 relative 1o a handle 1310, so
that an inmer tube 1302, coupled to a plurality of puller spikes 1206, is retracted. In an
exemplary embodiment of the invention, imner e 1302 is threaded 1o rnateh a thread on knob
1312.

As described in Fig. 12, puller spikes 1206 may include transaxial extensions 1214 and
weakening 1220, Tips 120§ of the spikes may be bent, unlike shown in Fig. 12, for cxample as
described in PCT/ILON00074, by means of a jig that holds the spikes bent while they are
heated and/or bends the spikes past a super-elastic memory point. Optionally, spikes 1206 are
arranged in the shape of a cone, as are spikes 810 (Fig. 8), however, this is not required.

In an exemplary embodiment of the invention, system 1300 is used in peripheral
vessels, where clamping of the vessel, 1o prevent blood leakape, is less problematic than in the
heart.

In an exemplary embodiment of the invention, delivery system 1300 is a split system
including # slit or weakening 1306 that is split by a protrusion 1304, when inner tube 1302 is
retracied and proirusion 1304 enters or cuts shit 1306. An apsriure 1308 may be used for
providing the graft.

Qptionally, one ar more pins 1314 are provided. In an exemplary embodiment of 1he
invention, pin 1314 is spring Joaded and falls back to lock the rotation of knob 1312 when
inner wbe 1302 is retracted by an amount comresponding fo a slape in the anastomosis
procedure. In one example, pin 1314 overlies a plurality of holes 1n inner tube 1302, When
tube 1302 is rctracted to the point where extensions 1214 are locked against ring 1218, a first
stage 1s completed. When weakenings 1220 are tom, a sscond stage js completed. When slit
1306 is widened, a third stage is completed. Alternatively, other feedback mecharism may be
provided, for example, clicks in the rotating mechanism.

Figs. 14A-14D illustrate a pair of interacting rings ang their nse in the system of Fig.
13. Fig. 14A shows an exemplary ring 1418, comprising a plurality of slots 1484 for inserting
puller spikes 1206. Optionally, the spikes arc twisted or bent radially, since the width of siots
1404 is smaller than that of extensions 1220. A central aperture 1406 is provided for passing
the grefi. A plurality of opemings 1402 are cpiionelly provided for inserting a  spacer 1o
separate ring 1218 from ring 1202 and/or for attaching ring 1218 to delivery system 1340, so 1t
can he vetracted with inner tube 1302 after puller spikes 1206 are tom.
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Fig. 14B shows an exemplary connector ring 1420, as an alternarive 10 nung 1202 of
Fig. 12A. In an exemplary embodiment of the invention, a plurality of aperiures 1423 arg
defined in the ring and correspond to slots 1404 in ring 1418. Twa or more metal flaps 1426
optionally flank each hole, to allow extensions 1220 to be broughr through apertures 1423,

Fig. 14C shows ring 142 and ring 1418, coupled together and spaced apart by spacer
ring 1216, for example, a ring with 2 large central aperture. An exemplary bolt 1430 is shown
coupling ring 1418 and spacer 1216. Optionally, rng 1420 is held in place between the heads
of bolts 1430. Optionally, ring 1420 includes a cut-oat, to assis aligning ring 1418 with ting
1429,

Fig. 14D shows spikes 1206 mounted through rings 1418 and 1216.

One potential problem with devices 800 and 1300 is that when the spikes are inserted
into the {arget vessel, they may entangle each other and then will fail to retract and expand
comectly.

Fig. 15 illustrates an exemplary spike guiding device 1500, for inserting spikes into a
target vessel 1502. Device 1500 compriscs generally of a cone-shaped body 1504, which is
optionally split lengibwise. Optionally, a small inverse pointed cone 1512 is defined at its tip,
1o assist in fixing bady 1504 1n Larget vessel 1502,

For the purpose of cutting a hole in target vessel 1502, a eutting mechanism 1506 is
inserted into the guide. In an exemplary embodiment of the invention, the cutling mechanism
includes a plunger 1508, that when advanced, causes twa cutting heads 1510 {e.g., hooks) te
tumn towards each other and enpage and cut vascular tissue between them. In an exemplary
embodiment of the invention, body 1504 has 4 split bead and the cutting heads pass throagh
the split.

While a short device is shown, a similar, longer, device may be used for thoracic or
trans-vascular use. device 1500 maybe flexible or rigid.

Figs. 16A-16F illustrate a process of performing an anastomosis using guide device
1500, in accordance with an exemplary embodiment of the invention. In Fig. 16A, body 1504
contacts target vessel 1502 and cutting heads 1510 start to close so they engage the tarpet
vessel.

In ap exemplary embodiment of the invention, the tarpet vessel is a coronary vessel, in
which cutiing, rather than punching is desired, Altematively, punching, or a differeat method

of cutting thar shown, may be used.
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In Fig. 16B, body 1504 is advanced, so that inverse cone 1512 is inside the vessel,
Optionally, cutting heads 1510 pull body 1504 towards target vessel 1502 and/or pull oui the
will of Larget vessel 1502. In one example, heads 1510 are pointed outward, rather than inward
as shown.

In Fig. 16C, cutting mechanism 1506 is removed and is replaced by a delivery system
{e. 800) having a plurality of forward spikes 1520 mounted on a praft 1522 (Fig. 16F).
Optionally, when the delivery system is advanced towards target vessel 1502, guide 1504
widens to accommodate jf, thus widening the opening formed in target vesscl 1502 so that
spikes 1520 do not tangle. Optionally, guide 1504 is filled with o water soluble gel, to reduce
or prevent blood [eakage.

In Fig. 16D, guide 1504 is removed, for example being pulled back or tom into two.
Optionally, guide 1504 is formed of two (or more) paris to begin with so it can sitaply he
removed i parts.

In Fig. 16E, spikes 1520 are retracted, forming an anastomosis.

Fig. 16F shows a completed anastomosis, in which a graft 1522 is coupled to farget
vessel 1502, by a connestor comprising spikes 1520 and a ving 1524 {e.g., 2s shown in Fig.
12).

Figs. 17A-17C illustrate the depleyment of other ¢lip-devices for the attachment of two
blood vessels, in accordance with exemplary embodiments of the invention.

In Fig. 17A, a clip 700 is elastic, super-elastic of shape memory, so that it desizes o
reach a folded shape (i.e., is self-closing). A restraint 706, including, for example a slotted
portion 712 that engages an arm 708 of clip 700, prevents the aom from closing. Another arm
710 of clip 700 may be held in ancther sloi {or bump) 714. Altematively, elip 700 is part of a
single connector including a plurality of clips attzched 1o & ring 718, here shown being held by
a holder 718.

In aperation, the lip of a graft 702 is transfixed by arm 708 of clip 700. Arm 708 is
inserted into an incision in a vessel 704 (only one side shown). When restraint 706 releases
clip 700, the clip closes, scaling together gralt 702 and vessc]l 704. In a plastically deformed
embadiment, a reiraction of restraint 706 may fold arm 708 against armm 710,

Fig. 178 shows an alternative embediment of the invention, in which 2 self-closing clip
720 wransfixes a gralt 702 and a vessel 704. The clip maybe inserted, for example, manually,

into an incision in vessel 704 and then embedded in the vessel wall by pulling it back, When a
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restraining outer iube 722 is retracied, clip 720 is free to fold. Like clip 700, also clip 720 may
be part of a multi-clip coaneclor, in some embodiments of the invention,

Fig. 17C shows an altemative embodiment of the invention, in which a elip 738 has the
lips of graft 702 and vessel 704 inserted into it, for example manually or using a puller {mot
showm}, Clip 730 comprises two anus 732 and 734 connected by a base 735. In &n cxemplary
embodiment of the invention, clip 730 is pre-stressed so (hat arms 732 and 734 desire to fold
inwards, Anms 732 and 734 extend past base 736 as extensions 742 and 744, respectively. A
restraint comprising two opposing restraint elemenls 738 and 740 engage and raintain in
position, clip 730, via extensions 742 and 744. Clip 730 is a self-closing clip, in which arms
732 and 7M close towards cach other. When restraints 738 and 740 are brought apart, arms
732 and 734 advance towards <ach olher and engage and scal together the lips of graft 702 and
vessel 704, In an exeraplary embodiment of the invention, restraints 738 and 740 are brought
topether in order to enlarge the distance beiween arms 732 and 734 and make it easier 10 insen
the lips of vessel 704 and graft 702 into the clip. Possibly, clip 730 is laid against the vessel
and the graft and as the restraints are let apart, the tips of arms 732 and 734 engage and
advance the lips into the clip.

The above devices may be vaned in varjous ways, for example for adaptation for
specific types of kkod conduits, In some embodiments of the invention, a device is packaged
and/or sold with an instruction leaflet, describing the device dimensions and/or situations for
which the device should be applied.

One or mere of the following parameters of a device may be varied, for example:

. (@) Number of barbs in an arm of a clip. Althaugh only one bash is shown, two, three or
mare barbs may be provided.

(b) Location of barbs along the arm. Although the barbs are shown at the tip of the arm,
they may be positioned further in. In devices with multiple barbs, thc barbs may be pesitioned
side by side or one in font of the other, for example.

(c) Shape of arms. Various shapes may be provided, for example, reclangular,
triangular, arcuate, circllar end piscewise Linear or curved. The arms may be plavar or may
extend putside of 2 plane, for example being curved.

(d) Length of barbs. The barbs may bc long enough to transfix the vessel walls.
Alternatively, they may be made shorter, for example penetrating only some af the layers of
the blood vessel. It is noted that different barbs on a same device may have different Jengths or

other properties, for example, depending on the properties of the target vessels, Exemplary
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lengths include, 0.1 mm, 0.5 mm, 1 min, 2 mm and larger, smaller and intermediate sizes.
Other parameters of the barb design may vary as well, for example 1he degree of sharpness
(sharp vs. blunt).

() Length of anws. The length of the arms may also depend on the properties of the
target vessels and the geomstry of the conneciion. Exemplary lenpths include, | mm, 3 mm, 5
mm, 7 onm and larger, smaller and intermediate sizes.

(f) Existence and dimensions of bage. Although not all devices include a base, the
length of the base may be, for example, 1 mun, 3 mm, § mm, 7 mm and larger, smaller and
intermediate sizes, The widih of the basc (between twao arms) may be, for example, 0.5 mm, 1
mm, 3 mm, 5 mm and larger, smaller and intermediate sizes.

() Existence and geometry of lumen. In devices with a central lurmen, the shape of the
lumen and the punched hole may be vary, for example being circular, elliptical or polygonal.

(1) Solidity of device. Although the device mey have a conlinwous surface, in somc
embodiments of the invention, for cxample 2s shown in Figs. 3A and 1¥, one or more holes
may be formed in the surface of the device. This may reduce the total amount of foreign
material in the body. It is noted, hawever, that the total amount of material in the blood flow
may be very low or even zero, in some embodiments of the invention.

(i) Smoothness. For devices that attach two vessel parts by pressure, the means
applying the pressure {e.g., fingers 754 may be smooth. Alternatively, lhey may be bumpy,
rough or include small spikes or barbs. Optionally, a large pattern is defined. For example, the
fingers 754 may malch indentations in ring 752.

It will be appreciated that the above described methods and devices of vascular
manipulation may be varied in many ways, including, changing the order of steps, which sieps
are performed inside the body and which outside, the order ol making the anastomosis
connections, the order of steps inside each anastomosis, the exact materials used for the
anastomotic conmectors, which vessel {s a “side” side and which vessel (or grafl) is an "end”
side of an end-to-side anastomosis andfor whether two lips that are connected are from a same
vessel or from different vessels. Further, in the mechanical embodiments, the location of
various elements may be switched, without exceeding the sprit of the disclosure, for example,
switching the moving elemems for nen-moving elsments where relative motion is required. Tn
addition, a muluplicity of vanous features, both of methods and of devices have been
described. It should be appreciated ihat different features may be combined in different ways.

In particular, not all the features shown above in a particular embodiment are necessary in
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every similat exemplary embodiment of the inventian. Further, combinations of the above
leatures, from different described embodiments are alse considered 1o be within the scope of
sotme exemplary embndiments of the invention. Tn addition, some of the features of the
nvention described berein may be adapted for usc with prior art devices, in accordance with
other exemplary embodiments of the inventien. The particular geomelric forps used to
illustrate the invention should not be considersd Jimiting the invention in its broadest aspect to
only those foerms, for example, where 2 circular lumen is shown, in other embodiments an oval
Tumen may be vsed.

Also within the scope of the inventien are sergical kits which include sets of medical
devices suitable for making 2 single or a small number of anastomosis connections.
Measurements are provided to serve only as exemplary moasurements for particular cases, the
exact measurements applied will vary depending on the spplication. When used in the
following claims, the terms “comprises”, "comprising”, “includes”, “including” or the like
means “including but not limited ta".

It will be appreciated by a person skilled in the art that the present invention is not
limited by what has thus far been described. Rather, the scope of the present invention is

Hmited only by the following claims.
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CLAIMS
1. A vascular attachient device for sealing an opening betwesn two blood conduit lips,
comprising:

a ring element;

a plurzlity of fingers mounted on said ring elerent and adapted to seal at least a portion
of an opening between two bload conduit lips by compressing said at least two lips between a
finger and al af ieast one ol said finger and swd ring; and

at leest one puller spike adapted for pulling, inside the hody, at least one of said lips to

a space defined between said finger and said ring.

2. A device aceording 10 claim 1, wherein said fingers are restrained back from a resting

position ix which they engage said lip in saxd space.

3. A device accarding to claim 1, wherein said at least onc puller is integral with an

elongate retractable nube.

4. A device according to claim 1, wherein said at least one puller comprises a plurality of
pullers arranged in the form of a cone, an apex of said cone being edapted for inserting into an

opening in a blond vessel.

5. A device according o claim 4, whercin said at least one puller is outside of said ring

such that when said pullers are refracted, the cone opens up.

6. A device according to claim 4, wherein cach puller comprises a bent tip, adapted 1o

engage said lip.

7. A device according to claim 1, wherein cach puller compriscs a designated tear area,
for tcaring said puller afler it is retracted towards said ring. so that only a tip portion of said

puller remains in the body.

B. A device according to claim 7, wherein said tip portion is pre-curled such that said

tearing allows said portion ie revert to a curled closed state.
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9. A device according to claim 7, wherein each puller comprizes a trans-axial protrusion

for stopping retraction of said tip pontion.

10 A device according to claim 1, wherein each puller is smooth, to allow retraction of

said puller through said lips and out of said body.

11. A device according to claim 1, wherein each puller has a sharp tip adapted for insertion

through a graft wall.
12. A device according to claim 1, wherein said ring has the shape of an ellipse.
13. A gdevice according to claim 1, wherein said fingers do not penctrate any of said lips.

14, A vascular attachment device for sealing an opening between two bleed conduit lips,
comprising a plurality of bendable clips, said elips heing adapted for gripping two lips between
them and for sealing said opening by forcing said lips towards each other, wherein said clip

elements are biunt and do net penctrate said blood conduit walls.
15, Adevice according to claim 14, wherein said clips are arranged on a ring.

16. A vascilar attachment device for scaling an opening between two blood conduil lips,
comprising:

aring element defining a plurality of apertures;

a plurality of puller spikes having tips and defining designated tear areas near said tips,
said tips being adapied 1o fit through said aperfures and integral with a retractable elongate

tube, such that when said device is deployed enly said tips of s21d spikes remain in said body.
17.  Adevice according to claim 16, wherein said tube is an axially split tube.

18. A devicc according to claim 16, wherein said tube compnses a protrusion adapted for

axially splining & matching delivery system, when said tube is sufficiently retracted.
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19. A device according 1o claim 16, wherein said spikes are pre-curled, such that when said
spiked are tom al said designated tear areas, said tips revert to a pre-curled state having a

greater curl arc angle than prior to said tearing.

20. A device according to claim 16, wherein said apertures define leaf elements for

preventing reverse motion of said spikes.

21, Adeviee according to claim 16, wherein said spikes define a protrusion on said spikes

adjacent said designated tear arcas.

22. A conncetor delivery system, comprising:

a retracior;

a tube integral with a plurality of puller spikes of said conncctot, said tube coupled to
said retractor [or retraction thereby, said spikes defining at least one thickened areas on at least
one spike; and

a base ring for prevemting said at least one thickened areas from retracting, thereby

causing said spikes to iear when said retractor retracts said tube a sufficient amount.

23, A syslem according to elaim 22, swherein said tube comprises a protrusion and wherein
said delivery system is udapted 10 be split by said protrusion when said tube is sufficiently

retracted.

24, Asystem according to claim 22, comprising a stationary tube for mairtaining safd base

ring in place relative fo said integral tube.

23. A connector delivery system for delivering a ring connector having a plurality of
fingers, said [ingers defining an open configuration and a closed confipuration mounted
thereon, comprising:

a retractor

a tbe integral with a plurality of puller spikes and coupled io said retractor for
retraction thereby; and

an outer tube adapted to ¢lose a plurality of said fingers, when said puller spikes are

retracted inte said ring connector.
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26. A system according 1o claim 25, wherein said outer tubc defines a plurality of slots, for
gaiding 4 strajghtening of said pulles spikes, when said puller spikes are retracted past said

conneclar.
27, A system according to claim 25, wherein said fingers close plasiically.

28, A system according to ¢laim 27, wherein said outer tube has an inner lip with an inner
diameter smaller than an outer diameter of said cormeclor, such that when said outer tube is
moved relative to said connector, said fingers are pushed inwards by the inner kp towands said

ring.

25, A system according to claim 25, wherein said fingers close to said closed configuration

by said fingers being released.

36. A system accerding fo claim 29, wherein szid outer whe defines an inner lip, against
which said lingers arc held away from said ring, such that when said outer tube is retracied,

said fingess are released from said lip and close.
2. A system according to claim 29, whercin said outer tube defines a plurality of slots,
said fingers being held in said slots, such that when said outer tube is retracted, said fingers are

released from said slots and close.

32, A system according Lo claim 31, wherein said slots have a width said slot width being

narrower than a width of said fingers.

33 A system according to elaim 31, wherein said slol width is Jess than 0% narrower than

said finger width.

34. A system according to claim 23, comprising a stationary tube for maintaining said

connector in place relative to said integral mbe.
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35. A method of pulling back fingers of a ring connector, in preparaticn for performing an
anaslomosis connection, conprising:

praviding a connector delivery system including 2 slottcd outer tube, said connector
being mounted inside said tube, such that said fingers match up with said slots;
inserting a tool into 2 slot to be guided by said slot and lo contact said Hager; and

pulling back said fingers using said too), to be held by said slotted cuter iube.

36 A method according to claim 35, wherein said fingers are pulled back to lie in said

slots.

37. A method according to claim 35, wherein said fingers are pulled back using a (ool

insericd through said slois, such that said fingers lie within an inner lip of said outer tube.

38.  Apparalus for anastomosts, comprising:

a delivery system includes conical shaped arrangeruent of puller spikes;

a cone shaped bedy defining an opening at either end, a wide opening, at ahase thercof,
for recciving said conical arrengement and & narrow opening, at an apex thereol, for insertion

into a blood vessel.

39, Apparalus secording to claim 38, wherein said cone shaped bedy is so shaped that

when said delivery system is advanced, said narrow opening widens,
40 Appatatus according to claim 38, whersin said cone shaped body is pre-split axially.

41, Apparatus according fo claim 38, comprising a cutting mechanism adapted to fit in said

cone and comprising al least one culting blade that fits through said narrew opening said cone.

42.  Apparalus according to claim 41, comprising a smaller, basc-first cone having an apex
meeting said apex of said conc, for inseriing in a hole cut by said at Jeast one hilade, such that

said smaller conc 2nd said cone define a saddle.

43,  Apparatus according to any of claims 38-42, whercin said cone i3 4t least partially pre-

split from an apex thercef,
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44,

Apparalus according to claim 43, wherein said cone is pre-split on opposite sides.
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