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i
MEDICAL GRASPING DEVICE

Description
Technical Field

This inventicn is related to medical devices and in particular to a medical
grasping device,
Background of the Invention

There is a current trend in medicine to minimiza surgical and interventional
pracedures, concomitant with the deveicprment of minimally invasive tools to access,
visualize, infuse, treat, medicate, sampla, and interact with intarnal structuras of the
body. Occasionally, devices such as catheters, balloons or wires are inadvertently
severed in a blood vessel, cavity or organ. Depending on its location, the severed
device or fragment must be retrisved. Frequently, a surgical appreach is dangerous
and costly. in many cases, access has already been established to the severed
davice, fragment, or forsign bedy in question, and it is just a matter of lacating and
removing the foreign body without doing harm to surrounding tissue or forcing it
further out of reach.

Certain medical devices are known that are utilized in the ducts and
vassels of a human or veterinary patient for retrieval of bodies from the patient. For
example, retrieval devices are khewn for remaving calouli such as kidney stones or
gallstones from a patient, whers the retrieval devica is delivered to the target site via
the urethra or billary duci, respectively. The device's distal tip is adapted to deploy
at the site to form a basket shape to trap the calculi after which the basket is
eolizpsed to grasp the caleuli. Both the device and the grasped caloull are then
withdrawn from the patient.

One such stona retrieval device is disclosed in U.S. Patent No. 5,989,286,
in which several lcops of wire are caused to emerge from the distal end of a shaath
that hag previously heen delivered through the renal or biliary system ¢f a patient to
the sita of the stone. The stone becomes trapped within the loops, after which the
loeps are pullad preximally moestly into the sheath, grasping the stone firmly, after

which the sheath, loops and stone are withdrawn from the patient. The loops are

JP 2004-512133 A 2004.4.22
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disclosed to be made from a superelastic alioy such as nitinol to automatically form
the loops when caused to emerge from the sheath’s distal tip. Other similar stone
retrieval devices are disclesed in U.5. Patent Nos. 5007,114; 5,064,428;
5,133,733 and 5,484,384.

However, use of such devices is nat satisfactory for grasping such an
object within the vascular system of a patient for repasitioning of that ebject, or for
reamaval of objects from within the vascular system of a patient. For example, in
certain sttuations it is desired to repesition a stent or stent graft within the
vasculature, or 1o retrieve or reposition a rmalpositioned ar misplaced embolization
ceil. And during dslivery and deployment of a bifurcated sient grafi at the site of an
abdominal aortic ansurysm when surgical access has been obtained through the
femoral arteries on hoth sides of the groin, it is desirable to grasp the distal tip of a
guide wire extending inte the aneurysm from the coniralateral iliac artery, to be
pulled into the igsilateral iliac artery at the vessel’s aorto-iliac bifurcation, for eventual
placement of the contralateral leg extension of the stent graft. Far vascular use,
another known device is a suture l0op on a catheter distal tip. Yet another is a guide
wire that has been doubied over and extended through a catheter se that its distal
end forms into a loop that extends axially from the catheter’s distal end to be utilized
as a retriever when it is pulled proximally to capture an object and hold it against the
cathetar distal end for withdrawal, sold as tha Curry Intravascular Retrisvar Se1 by
Caook, Incorporated, Bloomingten, IN. A version of the stone basket device, having
helical loops, has been utilized for intravascular retrieval, the Dotter Intravascular
Ratriever Set alsa sold by Cook, Incorperatad.

In U.S. Patent No. 5,171,233 is disclosed a snare-type probe for
intravascular use. After a catheter is Tnseried into the patient’s vascular system to
the site of the foreign object, an elongate membar having a loop-shaped distal
segment is inserted into the proximal end of the eatheter's lumen until the luop-
shaped distal segment emerges from the catheter’s distal iip at the site, Then the
ivop-shaped segment extends at an angle to the adjacent portion of the mamber and
opens inta a loop. Once a free end of the foreign object is snared within the loop-

shaped distal segment as determined by fluoroscopic eguipment, the logp-shaped

JP 2004-512133 A 2004.4.22
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distal segmant is putled proximally into the catheter distal end, collapsing about the
ensnared foreign body fraggment and holding the foreign body at the distal tip of the
catheter during withdrawal. The elongate member is preferably disposed within an

outer sheath and is disclosad to be one wire, or two gripped-iogather wires, of a

shape memory meterial such as a superelastic nitinol alloy, with a single prefarmed

ioap shape at the distal segment defined by two wira portions. The use of nitinol
enables the wira segments defining the distal segment to be straightensd and
collapsed upon ane anather into an slastically deforred configuration to pass through
the lumen of the catheter and yet automatically open into a loap and exient at a
substantial angle upon emerging from the catheter distal iip. One characteristic of
this design is that during retraction after grasping, the loop quickly changes, or
“flips,” between the angled orientation and a gensrally axial one, and this results in
less assured control over the item during grasping, and commonly will result in
escape of the item thus requiring redeployment of the loop for another grasping
attempt.

It is desired to provide a medical grasping device for grasping and
repositicning an ebject within the vascular system of a patient, such as a stent or
stent graft or embolization coil or such as the distal tip of a catheter or a guide wire;
or 1o grasp a stent or embolization coll, or a fragment from & catheter or guide wire
or a pacamaksr lead, for its removal from the patient.

It is also desired to provide a low profile, medical grasping device that is
conformable to the vascular anatomy while generating a substantial tensile jorce.

it s further desired to provida such a davice that is tragkable through tha
vascular system aver a guide wire already in sffu,

It is yet further desired to provide such a device that is atraumatic 1o the
patient.

Summary of the Invention

The faregeing problems are solved and a technical advance is achieved in
an illustrative embodiment of a madical grasping device of the present invention. The
grasping device includes an outer sheath and an slongate ¢ontrel member that is

relatively axially movable with respect thereto within a passageway of the outer

JP 2004-512133 A 2004.4.22
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sheath when actuated by a proximal control assembly. In a first aspect of the
present invention, when in the retracted state, an atrawmstic distal fip section of the
alongate control mambar extends forwardly beyond the distal end of the outar
sheath, especially of value during placerent of the grasping device within the
vascular system of a patient to reach the target site of the object to be grasped.
Just proximal of the atraumatic distal fip section is the grasping portion of the
device, restrained within the distal end pertion of the outer sheath until actuated.

In a second aspect, preferably, the grasping portion defines a plurality of
prefoermed wire loops that smoothly deploy laterally when the elongate control
member is moved distally urging the wires t¢ smerge from the distal end of the cuter
sheath, and that smeothly resuma an axial orientation when being retracted into the
outer sheath while the loeps are being reduced in size, thus assuredly snaring the
object.

In & third espect of the invention, the wire loops are formed from a
superelastic alloy such as nitinol, so that the loops are easily collapsible for insertion
into the outer sheath and movement therealong during assembly, and for actuation
and later retraction into the outer sheath distal end after grasping, and so that the
loaps automatically form upon actuation of the device and emerging from the outer
sheath distal end to traverse the cross-sectian of the vessel. The wire sagments ara
affixed to the distal portion of the elongate control meémber, where the elongate
control member is preferably of a different material.

In a fourth aspact of the invention, the grasping portion comprises a
plurality of loops, such as preferably four loops that define a clover-leaf shape, that
extend at a substantial angle to the axis of the cannula, and preferably transverse
thersto upon full deployment so that the four loops togather generally occupy the full
cross-section of the vessel. As the loops are emerging from the sheath distal end,
the wire segments initially are axially oriented but begin to deflect radially and diverge
fram one anothsr as the Joops begin to open. Preferably, even when the loops are
fully farmed and transversely oriented, the segments of the wires forming the loops
extand in a continuous fashion to axially aligned end portions at the affixation joints

with the elongate control member. Where the vessel diamater is less than the
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general outer envelope formed by the four loops if deployed when fully unrestrained,
the loops will generally fill the vessel until engagement with the vessel walls inhikits
full ransverse orientation whereupon the loops are angled and opened.

in a fifth aspect of the invention, the elongate control member is preferably
a flexible capnula or tube defining & lumen extending therethrough for a guide wirs
1o be received thersinto, for placement onto and passage of the device over a guide
wire so that the grasping device is easily and guickly guided to the treatment site by
a guide wire already in place in the patient. The lumen extends through the grasping
portion and the atraumatic distal tip section so that the device is insertable over the
exposed proximal end of the guide wira that is already in sitz. Such an aver-the-wire
advantage: allows access to tortuous anatomy and multiple side branches; obviates
ths need to remove the guide wire to permit insertion of the grasping device into the
patient; obviates the otherwise tedious procedure of guiding {without the benefit of
aquidance and support of a guide wire) the outer sheath device through the
vasculature of the patient to the target site; and obviates the need to later reipsaert
the previously-removed guide wire following eventual removal of the grasping device,
for possible additional treatment proceduras of various kinds; and all thereby results
in much-reduced treatment time and much-reduced risk to the pafient.

in a sixth aspsct of the invention, the grasping device preferably includes
hemostatic sealing batwean the outer sheath and the elongate cantrol member.

in additional aspects, the grasping device includes a proximal control
asserbly that is easily rmanipulated for actuation during grasping, and for assured
centinued automatic grasping of the chjsct with a controlled, limited amount of farce
while the device is bsing moved te manually teposition the object or to remove it
gompletsly. The elongate control member is formed 1o have tarqueability and
significant tensile strength with low elengation. Tha outer sheath has a flexible but
kirk-rssistant eenstruction with lubricious outer and inner surfaces.
Briei Descriotion_of the Drawing

Embodiments of the present invention will now be disclosed by way of
example with reference to the accompanying drawings, in which:

FI&. 1is an elavation view of the grasping device of the prasent invention;
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FIG. 2 is an enlarged partial section view of the device of FIG. 1;

FiG. 8 s an exploded elevation view showing the components of the
grasping device of FIGs. 1 and 2;

FIG. 4 is an enlarged view of the grasping portion of the device;

FIG. 5 is an isometric view illustrating one of the wire segments defining
one of the loops;

FIGs. & to 9 are enlarged cross-sectional views of the grasping portion and
distal tip of the device prior ta deployment, during deployment, fully deployed, and
partially retracted after grasping a target catheter end, respectively;

FIG. 10 is an enlarged end view of the distal end portion of the device
illustrating the grasping portion of the device fully deployed;

FIG. 11 is an enlarged engd view of an alisrnate embodiment of the
grasping partion af the present invention; and

FIG. 12 is an enlarged view of the actuation section of the praximal
controls,

Detailed Description

With regard to FIGs. 1 to 3, grasping device 10 of ithe present invention
includes an outer sheath 12 extending from a distal end portion 14 10 a proximal end
€. Secured to the proximeal end 16 is proximal control assembly 22 including a
handle 20 that is affixed to the outer sheath 12. Proximal control assembly 22 also
includes an actuation section 24 that is movably affixed 1o the handle 20, and that
is in operative relatianship with an elongate coniral member 50 that is disposed
within outer sheath 12 and extends along passageway 18 completely therethrough
1o a distal end portion 52 that is adjacent ta distal end pertion 14 of outer sheath 12.
Qutear shaath 12 alsp includes adjacsnt to its distal and 30 a radiopague marker band
32. Distal end portien 62 of control member 58 cancludes in a distal tip section 54,
and spaced proximally from the proximal end 58 of distal tip section 54 is tha
grasping portion 70 of the prasent invention.

Elongate control member 50 is preferably a cannula or tube having a guide
wire lumen 58 extending rompletely therethrough, for receipt therethrough of a guide

wire 28, Guide wire 28 nead not be part of the gresping device 10 of the present
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invention, but tha present invention is particularly designed ta be used therewith and
would be of the type conventionally in use for various intravascular procedures.
Elongate conirol member S0 has an outer diameter that is less than the inner
diamster of passageway 18 to enable relative axial movement within the outer
sheath 12 when actusted. Elongate control member 50 has a distal tip section 54
that is blunt and rounded to be atraumatic to the patient, preferably tapered to its
rounded tip from the outer surface of outar sheath 12 at distal shesth end 20 o
provide & smeoth transitien betwsaen the outer sheath end the guide wire 28, The
atraumatic tip protects the vessel wall and reduces the chance that the distal tip of
the grasper device will shear off any atheromatous plaque that it encounters while
tracking through the vascular vessel, At proximal end portion 60 of elongate contrel
member B0 is a connection 62 to actuation section 24.

A side flushport fitting 96 with a T-shaped lumen therein is affixed to the
frant end of handle 20 such as by spap coupling 98 end secures therewithin a seal
36 surrcunding control member 59, such as a flat fiexible sealing washer, and helds
it tightly against the front end of handle ZD. Seal 36 defines hemostatic sealing of
passageway 18 around control member 50, A cap 38 aettachas outar sheath 12 to
& threaded forward portion of adapier fitting 34. Cap 4B keeps the lumen of
flushport fitting 96 sealed when not connected to a fluid source. Pretfersbly, outer
sheath 12 includes an enlarged or flared proximal and 40 on proximal end 16 that is
tightly gripped by cap 38, and enlarged proximal end 4C may be complementary to
a conical forward end of threadad forward portion of fimng 34. Handia 20 preferably
includes a thumb ring 42. Seen extending rearwardly and at a gradual angle laterally
from handle 20 is tubing 44 that is affixed to the resrward end of control member
5C and having a passageway along which guide wire 28 extends, with tubing 44
including thereon a Touhy-Borst adaptor 46, for hemostatic sealing around the guide
wire proximally of control member 5O,

Referring now to FIGs. 4 and B, the grasping pertion 70 is preferably
defined by wire segments 72 that define loops 74, Wire seaments 72 are preferably
fabricated from a supsrelastic material such as nitinol. Proximal ends 76 of the wire

segments may be affixed to the control member at affixation joints 78, such as by
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low-temperature soldering &s in U.5. Patent No. 5,254,623, or, lass preferably,
welding t¢ a stainless steel band 80 that is affixed to distal end portien 52 of control
member 50 such as by crimping or bonding.

As depicted in FIG. 8, each loop 74 of grasping porticn 7C includes arcuate
autsr sections 32 that extend to be adjscent or in abutment with wall 84 of vessel
86. Each loop 74 also includes arcuate side sections 88 that exiend toward the axial
center of the grasping portion 70 and then curve gradually toward the distal end of
the control member and affixation joints 78, Preferably, wire segment proximal ends
76 coextend coaxially at least distally aleng the euter surfase of the control mambar
50 from the affixation joints 78, and continuously and gradually extend to those
portions that will define loops 74 upon emerging from outer sheath 12 upon
actuation. Also, preferably, proximal ends 76 that are affixed to the cantrol member
are within the cold-worked bend 74A of the nitinol wire segment {FIG. 5), since this
assures the gradual curving of that portion of loop 74 adjacent the axis as it amerges
fram the distal end of the outer sheath, As depicted in FIG. 5, fabrication of the
affixation joints may be most easily accomplished if the wire segment 72 initially
includes unbent straight segments 7BA extending from ends 78A of loop 744 for
ease in controlled forming, handling and positioning of the wire segment, after which
at least mast of segments 76A are removed.

Soldering of nitinol to stainless steel is disclesed in U.S. Patent No.
5,354,623. Wire segment proximal ends 78 may also be secured by bonding or
ancther form of affixation directly to control member 50 or to ancther intermediate
member similar 1o band 80. Forming of the wire loops from nitinol may be attainec
by stress-inducing the wires into that shape during heat treatment or snnesaling of the
grasping portion in the loop shape 1o create stress-induced martensite (SIM) at the
loops as disclosed in U.5. Patent No. 5,587,378 while the remainder of the wires
has an austenitic state. The preforming of the loops may also be attained by cold-
working the loops as is disclosed in PCT Publication WO 00/33908, by over-bending
a wire in the austenitic state about a fixture. Celd-working permanently locks a

portion of the crystalline structure of the bending zone into at least a partial
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meartensitic condition while the unstressad portions of the wire remain in the
austanitic state.

Referring now to FlGs. 6 ta 9, grasping portion 70 is shawn in more
particularity. In FIG. 8, grasping portion 70 is seen in its recessed state within distal
end portion 14 of outer sheath 12, as atraumatic tip seciion 54 extends beyond
distal shaath end 30 from control member 50. Wire segments 72 are held entirely
within outer sheath 12, along distal end portion 52 of control member 60 distally of
affixation joints 78 and extending axially frorm proximal wire portions 76. Affixation
Joints 78 are disposed preferably within stainless stee) band 80, Loeps of the wire
segments 72 are saen in a constrained condition 74B along the contrel member just
proximally of proximal end 58 of straumaiic distal tip section 64. Quter sheath 12
preferably includes a radiopagus marker hand 32 arcund its outer surface at distal
end portion 14 a small distance from sheath end 30.

FIG. 7 illustrates partial deployment of grasping portion 70, li is clearly
seen that wire segments 72 curve gragually and continuously from control member
50 forwardly and eventually radially outwardly to cuter sections 82 beyand sheath
end 30 during deployment as the loops 74 begin to apen, and exhibit a corollary
curving during retraction into outer sheath 12.

In FIG. 8 is seen grasping portion 70 fully deployed within vessel 86, with
outer sections 82 of loops 74 abutting vessel wall 84, Guide wire 28 is seen
extending forwardly from atraumatic distal tip section 54. Praximal wire segment
sections 76 are seen to maintain a continuous, gradual curvature as they exit from
distal end 30 of outer sheath 12 to form loops 74,

A target obiect T has been snared by grasping portion 70 in FIG. 9, and
grasping pertion 70 has been mostly retracted into outer sheath 12 so that the target
object is held firmly against outer sheath 12, and nearby poriions of straumatic distal
tip section B4 and possibly distal end portion 52 of control member B0 adjacent 1o
tip section 54. In this instance, the target oblect is a catheter whose end portion is
to be repositioned.

Loops 74 are shown in FIG. 10 as substantially circuiar, exiending 1o

arcuate outer sactions 82 with arcuate side sections 88 that extend toward the
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center of ihe grasping partion 70 and then curve taward the distal end of the control
member and affixation joints 78. Side sections 88 of each loop 74 are seen io
overlap to some extent with side sections 88 of adjacent loocps 74. Altogether,
when arcuate puter sections 82 abut the vessel wall 84 of vessel 886, the loops 74
are seen to travaerse substantially the entire cross-section of the vessal.

In FIG. 11 is shown an alternate embodiment cf grasping portion 70°.
Grasping portion 70" comprises four pie-shaped loops 74', sach defined by wire
segments 72° that preferably are suparelastic material such as nitinal. Fach pie-
shaped loop 74’ includes an outar section 82' that is arcuate for abutrnent against
the vessel wall 84 of vessel 86 and having a radius abeut equal to the radius of the
vasse! at the target site, and opposed radial side sections B8' converging to the
center of the grasping portion. It can be seen the entire cross-section of the vessel
B6 is traversed by the grasping portion when deployed. As with grasping portion
70 ot FIG. 10, side sections 88’ may pvarlap those of adjacent loops 74"

With reference now to FIGs. Z, 3 and 12, proximal control assembly 22
is shown in greater particularity and includes an ergonamic easily grippable spocl-
shaped slide member 100 that is reciprocally movable aleng handle 20 to in turn
actuate cantrol member 530 to move with respect 1o outer sheath 12 attached to
handle 2G. Slide member 100 is fastensd such as by set screws 102 to a
connecting blogk 104 that is affixed to control member 50 extending into a central
passageway 106 of handle 20 threugh cap 38, fitting 34 and flushport 96.
Connecting block 104 is shown to ba disposed within a slot 108 of handle 20, Slot
108 thus defines the limits of movemént of connecting block 104 and ihus of control
member §0. Connecting block 104 ingludes an axial cpening therethrough and is
affixed to the proximal end of control member 5C such as by being disposed
rearwardly of an annular forward stop collar 110, after which a barbed fitting 112
is placed onto the projecting rearward end 114 of control member 50 rearwardly of
the connecting block 104 to form the rearward stop. Barbed fitting 112 also
sealingly securas tubing 44 to rearward end 114 of control member 50. Preferabiy,
the rearward end of slot 108 is scalloped to define a controllad shallow exit for

tubing 44, through which will extend guide wira 28,
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Actuation section 24 may preferably include a spring-loaded retraction

section {not shown} that upen manual release thereof retracts the grasping portion

70,70 into the distal end portion 74 of the cuter sheath 12, and simultansously

captures the target body T within one of the loops 74,74 30 that it is held against

distal sheath end 30 and distal end portion 52 of control member 50 (see FIG. 9).

The retraction section may further include a lock (not shown} that enables
the grasping portion to autematically hold the graspad object T with a praselected
limited grasping force during movement of the grasping davice by the practitioner;
such lock may be of the ratchet kind that may be manually set by the practitioner
after sufficient grasping has been attained for the immadiate purpose. The limited
amaount of force thus would protect the grasped object from damage especially ware
it to be of continued value in treating the patient after repositioning thereof.

Quter sheath 12 is very similar to g guiding catheter in structure and
function, and may be formed for example with an inner liner of
palytetrafluoroethylene and an outer jacket of a polyamide such as nylon, and may
be reinforced such as by a spiral-wound flat stainless steel wire coil embedded
between an inner nylon liner and an outer jacket, all in a manner disclosed in greater
detall in U.5. Patent No. 5,768,530 in order to be kink-rasisiant. The outer surface
of the outer jacket may be coated for axampis with a lubricious material such as
AQ™ Hydrophilic Coating. The control member 50 may be formed for example of
thermaplastic material such as palyethylene terephthalate. The distal tip section 54
may be & separate mamber of a softer, lower durometer matevial of conventiona!
cemposition, Lumen 58 preferably has a diameter of 1p to 0,040 in 10 allow free
passage gver guide wires that would have diameters of up to 0.038 in as is common.

Elongate centrol member 50 may be fabricated by braiding of the material
in 8 manner that imparts the ability of the control member ta be torqued, that is, to
be rotated by the proximal control assembly 22 for adiusting the grasping periien
atrout the axis, if desired. Such braiding should be from such materials and in such
a manner that does not resuit in noticeable elengation during retraction of ths
grasping portion, or withdrawai of the device during total removal of the target

object.
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The device includes a flushport fitting to allow flushing with sterile saline
solution batween the elongate control member and the outer sheath to eliminate air,
while the device is outside of the patieni. An air seal can be utilized near the distai
end of the sheath.

The grasping device of the present invention can be useful in any multiple
aceess vascular procedure for adjusting the final position of a8 medical device, such
as threugh the iliac or subclavian artaries. The invention can additionally be useful
with the liver or kidney or other nonvascular procedure, especially where access to
the site involves a tortuous path, since the grasping device is flexible and is adapted

to follow a guide wire.
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Claims
1. A medical grasping device comprising:

an elongate contrel member having an atraumatic distal tip section and a
proximal end portion, said elongate conirol member further including & grasping
portion preximal said distal tip section;

an cuter sheath with a passageway therethrough surrounding =aid elongate
control member and relatively movable with respect thereto; and

a control assembly disposed at a proximal snd of said outer shaath and
said proximal and portion of said elongate cortrol memier and in operative relation
thereto for urging said grasping portion from a distal end of said cuter sheath and
retraction thereinto.

2. The grasping device of claim 1, wherein said elornigate control member is
s flexible cannula defining a lumen extending therethrough inte which a guide \A;-ire
is receivable and movabie with respect thereto.

3. The grasping device of claim 2, further comprising a hemostatic seal
between said ouier sheath and said elongate control member.,

4., The grasping device of claim 1, whergin said cuter sheath is flexible and
kink-resistant and has lubricious outer and inner surfeces.

5. The grasping device of claim 1, wherein said atravmatic distal tip section
tapers to a hlunt and rounded tip.

6. The grasping device of claim 1, wherein said control assemtly includes an

_ actuation section that is easily grippable for reciprecal movement aleng & handle to

actuate said elongate control member with respect to said outer sheath to deploy and
retract said grasping pertion, respectivaly.

7. The grasping device of claim B, wherein said actuation section includes a
connecting block affixed to said elongate control member and is dispesed within a
Jlongitudinal slot of said handle and is movable along said slot between opposite ands
thereof,

8. The grasping device of claim 1, wherein said grasping portion comprises

a plurafity of preformed wire loops.

JP 2004-512133 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

27)

WO 0136025 PCTIUSOIMAS27T

14 -

9. The grasping device of claim 8, wherein said plurality of wire loops self-
daplay transversely upon emerging frem said distal end of said outer sheaih.

10. The grasping device of claim B, wherein each of said wrira loops is
substantially circular upon full deployment.

11. The grasping device of claim 10, wherein each of said wire loops includes
side sections that overlap with side sections of adjacent ones of saig wire loops.
12. The grasping device of claim 8, wherein each of said wire loops is pie-
shaped and includes arcuate outer sections having a radius about equal to a radius
of a deployment site of a vessel into which the grasping davice is inserted.

13. The grasping device of claim 1, wharein said grasping pertien comprises
four preformed wire loops that self-deploy transversely upon emerging from said
distal end of said outer sheath approximately squally spaced angulerly about s
lengrudina! axis of said elongate control mernber and thereby generaliy occupy a full
cross-section of a vessel into which the grasping device is inserted.

14. The grasping device of claim 1, whersin sai¢ grasping portion comprises
a plurality of wire loops that each arg formed from a superelastic alloy.

15. The grasping device of claim 1, wherein said grasping portion comprises
a plurality of wire loops having proximal end portions that are joined to said elongate
control member at affixation joints and initially extend axially from ssid elongate
control membar even when said wire loops emerge from said distel end of said cuter
sheath and seif-deploy transvarsely of a longitudinal axis of the grasping device,
16. The grasping device of claim 15, wherein each of said wire laops includes
an arcuate outer section that upon deployment extends toward a wall of a vessel into
which the grasping device is inserted.

17. The grasping device of claim 18, wherein sach of said wire loops includes
arcuate side sections that extend toward an axial centar of said grasping portion and
then curve gradually toward said distal end of said elongate control member 1o
praximal ends that are affixed by said affixation joints thereto and are in axial
alignment therewith adjacent to said affixation jeints.

18. The grasping device of claim 17, wherein said wire loops comprise nitino!

wire segments.
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19, The grasping davice of claim 18, wherein each of said wire loops including
said proximal ends are within a cold-worked bend of a respective one of said nitinol
wire segments.
20. The grasping device of claim 1, wherein:

said elongate control member is a flexible cannula defining a luman
extending therethrough inte which a guide wire is receivable and movable with
respeci thereto;

said outer sheath is flexible and kink-resistant ang has tubricious cuter and
innar surfaces;

said control assembly includes an easily grippable actuation saction along
a handle 1o actuate said elongate control member with respect to saig outer sheath;
and

said grasping portion comprises & plurality of preforrned wire laops of
nitinol that upon deployment extend generally forwardly and radially outwardly to
substaniially traverse the cross-sectional area of the vesse! wall into which the
grasping device is ihserted, each of said wire loops including an arcuate outer section
of complementary shape fo a vessel wall pertion upen deployment, and including side
sections that extend toward an axial center of said grasping portion and then curve
gradually toward said distal end of said elongate control member 1o proximal end
sections that are affixed by affixation joints to said elongate control member and are

in axial alignment therewith adjacent to said affixation joints.
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