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(57) Abstract

Apparatus for disintegrating or otherwise destroying a stone (36), such as a gallstone, within the body of a living be-

.ing. The apparatus comprises a small diameter catheter (20) having a longitudinal axis (28) and a working head (26) locat-

ed af the-distal end thereof. The catheter (20) is capable of being located at any position within the body so that the work-
ing head (26) is adjacent the stone. The working head is connected to a drive assembly (22) for rotation at a high speed
about the longitudinal axis (28) of the catheter. The working head (26) comprises a first portion (84), at least one blade
member (30) having an impacting surface (32) thereon, and coupling means (96) movably coupling the blade member (30)
to the first portion (84) for enabling the blade member (30) to move from a retracted position to an extended position. The

| blade member (30) has an'impacting surface (32) which is a greater radial distance from the axis (28) when the blade mem-

ber is in its extended position than when in its retracted position. The impacting surface (32) is arranged so that when it ro-
tates in the extended position, it impacts the stone (36) to disintegrate or otherwise destroy the stone. A shroud (34) is pro-
vided about the distal end of the catheter (20) to aid in directing the stone (36) to the rotating blade member (30) while also
protecting adjacent body tissue from being engaged by the rotating blade member. The rotating blade member (30) creates

a vortex tending to pull the stone into the blade. ' :
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1
STONE DESTROYING CATHETER

Background Art

_ This invention relates generally to medical devices and
more'particularly to flexible, power-driven catheters for des-
troying stones or other hard bodies located within the body of a
living being. '

' In United States Patent 4,679,558 entitled "Catheter
 Based Surgical Methods and Apparatus Therefor", assigned to the
same assignee as this invention, there is disclosed and claimed a
catheter for effecting the destruction of a stone or other hard
a body, e.g., a body containing calcium, located within a living
being. ' ,
While the catheter disclosed in that application is
suitable for its intended purposes to disintegrate or otherwise
destrdy some.stoﬁes or other hard bodies, it may nevertheless
leave something to be desired from the standpoint of destroying
- stones which are not held within a duct or lumen in the body.
' Disclosure of the Invention
The objects of the present invention are achieved by
~ providing appafatus for disintegrating or otherwise destroying a
stone within the body of a living being. The apparatus comprises
a small diameter instrument having anreiongated portion including
a longitudinal axis and comprising a working head. The elongated
portion is capable of being located at a position within the body
so that the working head is adjacent the stone. The working head
is coupled to a means for rotating the working head at a high
speed about the axis. The working head in accordance with this
invention comprises a first portion, at least one impacting member
having an impadting'surface thereon and coupling means movable
coupling the impacting member to the first portion for enabling
- the impacting membér to,ﬁove from a retracted position to an
extended position. The impacting surface is located a greater

radial distance from the longitudinal axis of the elongated

portion of the instrument when in its extended position than when
in its retracted position, and the impacting surface is arranged
when rotating in its extended position to impact the stone to

‘disintegrate or otherwise destroy it.
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- In accordance with a preferred embodiment of this

~invention the apparatus includes a means for directing'the'stone
to the rotating impacting member. In the most preferred embodi-
ment of the invention this latter means is a shroud having an
enlarged open mouth into which at least a portlon of the stone can
enter. Most preferably the shroud is expandable from a retracted
position to an expanded position wherein the shroud 1s flared
outward to deflne said enlarged mouth.

In the most preferred embodlment of this invention the
shroud is de51gned to also provide a means for protectlng ad jacent
body t;ssuerfrom being engaged by the impacting member as it .
rotates. o | 7 N - ,

- Most preferably the working head comprises a pair of :
.impactingimembers in the form of blades which are disposed at an
angleVSOrthat.upon the rotation,of the working'head the blades

_.create a vortex tending to pull the stone into the blades.

' "In the most preferred embodiment of this invention the
'movable coupllng means is moved by the high speed rotation of the
- working head to pOSltlon the impacting members into their extended

7p051t10ns.

In accordance with a preferred embodlment of the inven-
tion'the:worklng,head includes a pair of lmpactlng members
disposedldiametrically opposite each other with respect to the
longitudiﬁai'axis° Most preferably stop means are located between

~ the lmpactlng members to hold them apart when they are in thelr
retracted pos1t10n. N , , '

‘ B DESCRIPTION OF THE DRAWING ,

Fig. 1lis a side:elevational view} partially in section,

showing the distal--end of a catheter for pulverizing or otherwise
destroying a stone within the body of a living being, with said
catheter shownrin its compact or'inoperative state suitabie for
: 1ntroductlon to the situs of the stone; )
Fig. 2 is a side elevatlonal view, partlally in section,
ofjthercatheter shown in Fig. 1 but shown in the expanded or opera-

tive state for effectlng a stone destruction operatlon,

Rl
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Fig. 3 is an end elevational view of a catheter in its

operative state; '
- Fig. 4 is a reduced size perspective view of the distal

portlon of the catheter in its operative state;

Fig. 5 is an enlarged sectional view taken along line 5-5
of Flg. 3; and

Fig. 6 is an illustration of the catheter of the subject
invention shown in its operative state with a gall bladder for

effecting the destruction of stones therein.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring now in greater detail to the various figures of

the drawing wherein like reference characters refer to like parts,

'thete is shown at 20 in Fig. 1 a distal end of a catheter for
disintegrating or otherwise destroying a stone or other loose body
located within the body of a living being. The catheter 20 in-
cludes a flexible drive assembly 22 constructed in accordance with
the teachings of United States Patent Application Serial No.

'746,220, filed on June 19, 1985, entitled "Spiral Wire Bearing For
Rotating Wire Drive Catheter", and United States Patent Applica-
tion Serial No. 938,698 filed on December 5, 1986, entitled
“Catheter With Means To Prevent Wear Debris From Exiting", which
applications are aSsigned to the same assignee as this invention,
and whose disclosures are incorporated by reference herein.

7 - The drive assembly 22 is disposed within a very small
dlameter, elongated, flexible tubular member 24 having a dlstal
end at which a working head 26 is mounted for high speed rotation
about the longitudinal axis 28 of the catheter. The proximal end
portion (not shown) of the catheter is adapted to be connected to
a source of rotary power, €.g., an electric motor (not shown).

The drive assembly 22, extends the length of the catheter to
drive, e.g., rotate, the working head 26 under power provided from
the remote power source (motor).

The working head will be described in considerable detail

‘later. Suffice for now to state that the working head includes at
least one blade 30 which is arranged to be extended from a retract-
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ed position wherein it lies close to axis 28 to an extended posi-
tion like that shown in Fig. 2 wherein it extends substantially
beyond the periphery of the catheter. The blade includes at least
one impacting surface'32, also to be described later, which is
rarraﬁged to impact a stone 36 (Fig. 2) or other hard, loose body
when thedworking head is rotated to pulverize, disintegrate or
'otherWise'destroy the stone. ,
~In the preferred embodiment the working head comprlses at
least two blades. Moreover the blades are arranged in a screw
pitch so that when the worklng head is rotated they produce a
powerful vortex flow in the surrounding £luid whlch serves to draw
the stones into the blades. In order to guide the stones toward
(lnto) the rotatlng blades, while also protecting the. surroundlng
body tlssue from belng damaged by the rotatlng blades, the cathe-
ter 20 also includes shroud/guide means 34 located adjacent the
wo:klng,head 26. ,
The,Shroud/guide'meahsr34,will also be described in .

detail later. Suffice for now to state that such means is expand-
able from a compact state, like shown in Fig. 1, to an,eipanded
state, likelshown in Fig. 2. When in the compact_state the -
shroud/guide is of an outside'diameter,no greater than that of the
catheber 20 to facilitate the placement of the catheter at the
situs of the stoﬁe to be deStroyed._.In the preferred embodiment
embodiment of the device shown herein, the outside diameter of the
catheter is‘approximately 1.65 mm (5 French).

, ' _The oathetef 20 is particularly suited for destroying
gallstones,within the gall bladder with'minimum invasion of the
patient's,body; As is known,{gallstones are loose hard bodies
located within the gall bladder 38, an extremely fragile, hollow
structure like that shown in the illustration of Fig. 6. The
catheter 20 is_arrahged to be introduced while in its cqnpaet, .
'blade—retracted state percutaneously and threaded through the
patlent s llver (not shown) and through.a small opening or punc-
‘ture 38 in the gall bladder so that the working head extends into
the- 11qu1d 42 therein. The shroud/guide means 34 is arranged to .

be moved to:the extended state (as will be described later) once d
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~ the working head 26 of the catheter is in position within the
liquidAin the interior of the gall bladder. The catheter is then
operated, that is the motor started so that the working head
commences rotation at a high rate of speed, e.g., from 5,000 to
100;000 Ypm. This action causes the blades to move to the
 extended position of Fig. 2.

As noted earlier when the shroud/guide means 34 is in the
expanded position it serves to protect the fragile wall of the
gall bladder from the rotating blades. In addition, the shape of
the shroud/guide means 34 serves to direct the stones toward the
rotating blades in cooperation with the vortex produced by the
rotation of the blades in the liquid 42. Large stones (like that
shown in Fig. 2) which cannot fit fully into the interior of the
shroud/guide means are nevertheless held within its open mouth so
that the portion of the stone extending therein can be impacted by
the rotating blades. This action reduces the size of the large
stone, so that it can pass through the mouth fully into the
blades, whereupon it is ultimately disintegrated or destroyed.

' While the device of this invention may not require the
' éxpahding blades for some applications, the use of expanding
blades is preférred to enable the catheter to produce a more
powerful vortex than would be otherwise possible with blades of a
fixed size yet sufficiently small to enable the catheter to be
rreadily'inserted~into and threaded through the body to the situs
of the stone.

As will be appreciated by those skilled in the art from
the description to follow, the vortex created within the gall
bladder recirculates the liquid 42 and the stones 34 into the
rotating blades 30 so that their impacting surfaces 32 can
repeatedly impact the stones to progressively reduce the size of
the stones by pulverlzatlon or fragmentation. _

In order to expedite the destruction of the stones, the
catheter 20 can be utilized in conjunction with a suitable stone
dissolving solvent. Such a technique may effect a more rapid -
'disintegration'of the stones as a result of the violent agitation
and impactioh caused by'the blades, than could be otherwise
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achieved by_the introduction of a solvent alone. Thus, in accord-

ance with one aspect of this invention the central passageway down
the catheter}can be used to carry any suitable solvent for aiding
in the destruction of the:stone,into the gall bladder. After run-
ning the catheter ZQrfbr a predetermihed period of time, e.g., ten
minutes, the fluid 42 and pﬁlverized materialrproduced'during the

stone dlslntegratlon process can be extracted or sucked out of the

bladder through the catheter and fresh solvent thereafter'lntro-
duced therethrough. This procedure is then repeated until all of
7 the:stonee' are disintegrated or destroyed. The use of the shroud/
guide means 34 by protecting the delicate wall of the gall bladder
38 enablesrthe catheter 20 to be left operating in place for a '
'Sufficiehtlyrlohg,period of time, e.g., one hour or more, to
-Vensure'that.all ofrthe stones 36 are destroyed or reduced'to'an
acceptable size. ) " - '

. Referrlng to Figs. 1 and 2, the details of the dlstal end
of a preferred embodiment of the catheter 20 will now be
described. As can be seen the catheter 20 baslcally;compriees an
-elongated, flexible'tubular member or jacket 44 which is formed of
a suitable material, e.g., plastic, and which has a small outside
diameter. Disposedvabcut the tubular jacket 44 is a sleeve 46
extending’substahtially.therentire length of the catheter and
whoserdistal:endrformS'the'shroud/guide means 34.. In a preferred
embodiment shown herein the outside diameter of the jacket is o
apprbximately 1.7 mn (5 French) or less. The wall of the sleeve
46 is quite thin, e.g., .15 mm, so that the outside diameter of
-the catheter 20 is approximately 6 French (2 mm). This size cath-
eter is merely exemplary. "Thus, in accordance with this inven-r
tlon, the catheter can be constructed as small and as large as
necessary. o ' .

At the distal end of the catheter 20 there is ‘secured a

'sleeve;llke bushing 48. The bushing includes a flanged end face
50 arranged to abut the end of the catheter S jacket 44 and a

. tubular portion 52. The outside diameter of tubular portlon 52 is

approx1mately that of the inside diameter of the catheter s .jacket

44 so that it ‘is snugly £f£it - thereln. The bush1ng is held flrmly

(2
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in place by a retaining band 54 which tightly encircles the peri-
phery of the catheter jacket 44 so that plural gripping teeth 56
- located about the pefiphery'of the tubular portion 52 dig into the
interior surface of the catheter jacket 44 and hold the bushing
tightly in place therein. The bushing 48 also includes a bore 58
extending therethrough and aligned with the longitudinal central
axis 28 of the catheter. |
' The working head 26 includes a mounting shank or axle 60
prpjeéting proximally and passing through the bore 58 in the
bushing 48. A multistrand drive cable 62 extends down the
catheter's jécket 44 coaxial with axis 28 and terminates and is
disposed within a longitudinal extending bore 64 in the shank 60
" of the working head 26. The end of the drive cable 62 is secured
in place in the bore 64 via a laser weld joint 66. The shape of
Ehe working head 26 and its various components will be described
later. Suffice now to state that it includes a generally planar
rear surfaée'68'whi¢h lies closely adjacent to and engages the
front surface 70 of the bushing's flange 50. The working head 26
is prevented from axial movement within the bushing 48 by virtue
of a retaihihg ring 72 mounted on the proximal end of the working
rhead axle 60 contiguous with the proximal end of the bushing. The
retaining ring 72 is secured to the proximal end of the working
head axle 60 via another laser weld 74.

‘The drive cable 62 is supported in the central position
along axis 28 by means of a spiral bearing 76. That beéring
member 76 thus comprises a helical or spiral cylindrical coil of
wire,surrounding the multistrand drive cable 62. The spiral
bearing extends substantially the entire length of the catheter
frofi~a proximately located point adjacent the drive motor (not
shown) to the distal end of the catheter. The outer diameter of
“the helical bearing coil is sufficiently great so that ‘its loops
jﬁst élear the interior surface of the catheter's jacket 44 to
hold the bearihg secdrelyrinrplace therein. The inside diameter
of the central passageway extending down the length of the.helical
bearing is just slightly greater than the outside diameter of the
drive'cable 62 so that the drive cable can freely rotate about

axis 28 therein.
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' It,shouldrbe'pointed'out at this juncture,that the drive
cable 48 can, if desired, be drawn or swaged so that its outer
periphery of the cable has a greater contact surface area with the
spiral beariﬂg'than if the cable were unswaged; This feature is
shown ahd-claimed in the aforementioned copending United States

Patent Application Serial No. 938,698. Also disclosed and claimed

in that application is a spiral bearing wire whose inner surface,
that is, the surface defining the central passageway therethrough,

is substantially planar in order to further increase the engaging

surface areas. A bearing cOnstructed in accordance with that
feature can, if de51red, be used to support the drive cable 62
hereln. ' ' .

With such a construction, the drive cable 62 can be
rotatedrat a high rate of speed, €.g., up to 100,000 rpm, while
the catheter is bent throﬁgh a small radius of curvature, €.y -
+75 inches (1.9 cm),»ahd without the creation of any standing
waves.ﬁhich'could result in unwanted vibration to the catheter.

o The spacing between the convolutlons of the spiral bear-
',1ng, the lnner surface of the catheter Jacket 44 and the outer
surfaqe.pﬁ the drive cable 62 form a passageway through which a
'Eluidr(e.g;, a liquid) can flow from the proximal end of the

catheter to the distal end. This fluid can be utilized to cool or

lubricate the bearing system."Moreover, the liquid which is
passed'doﬁn the catheter can, as noted earlier and if desired, be
_ a solvent to aid in the stone destruction process. Also, if
’de51red, nltrates, contrast media or other drugs can be added to
the liquid as needed-durlng thefprocedure.

| The means for enabling the fluid (e.g., 11qu1d) to exit
the catheter adjacent the dlstal end of the catheter can comprise
one or more apertures (not shown) in the wall of the jacket
immediateiylproximally of bearing 48 and which communicate with
' the central passageway in the catheter and/or four, equidistantly
spaced, grbeVes 78 (Fig. l)rextending longitudinally down the
central bore 58 of the bearing 48 and also commuhicating with the

central passageway. The distal end of each groove 78 terminates

at a fluid exit port 80 located at the distal end flange 50 of the

o
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bushing, while the proximal end of each groove 78 terminates in a
respective, generally radially extending, relief groove 82. A
fluid passing'down the interior of catheter jacket flows under
pressure into the relief grooves 82, through the associated longi-
tudinal grooves 78 out through the ports 80 at the end face of the
catheter and into the interface space (not shown) between the
proximal end of the working head and the front face 70 of the
flange 50. Thus, the £luid gains egress from the catheter.

' The details of the working head 26 and its components
will now be discussed. The working head 26 is arranged to rotate
about the axis 28. As can be seen the working head basically
comprises a base portion 84 in the form of a circular disk and
from which arsuppért hub 86 projects. The support hub basically
comprise a generally thin projection centered along the axis of
rotation 28 and terminating at a free end portion 88. Each of the
blades 30 is‘a generally planar, elongated member having an
elongated éide edge forming the he:etofore identifed impacting
surface 32. Each blade is pivotably secured to the supportrhub 86
to enable the blade to ﬁivot_about'a respective transverse axis 90

- (Fig. 3) extending perpendicularly to the axis of rotation and
parallel to the sides of the hub. Thus, the hub 86 includes a
pair of holes 92 extending therethrough, with each hole centered
on axis 90. A bearing sleeve 94 may be located within each hole.
Each blade 30 is mounted on the hub, via a respective support
frame 96. Each frame 96 is a generally U-shaped member having a
pair of side legs 98 and 100 and an intermediate axle portion 102,
The axle portion 102 of each frame is journalled in a respective
bearing sleeve 94 and with its associated legs 98 and 100 extend-
ing on either side of the hub. Each leg of each frame is fixedly
secured to the biade so that the blade extends outward from its
support legs. The two legs of each frame are twisted with respect
to each other about axis 90 so that each blade 30 is twisted with
respect to the other to form a screw pitch. In particular the
blades are twisted so that the impacting surface side edge is the
leading edge'of the blade as the head rotates about axis of

rotation 28. Moreover, the impacting surface 32 of each blade 30
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is disposed generally dlstally of the tra111ng edge of the bladear
Thls is clearly shown in Fig. 5 whereln the pitch of the upper of
the two blades 30 shown in Fig. 3 is shown with respect to an
~ arrow 104 representing the direction of rotation of the working
head 26 about axis of rotation 28. '
' When the blades 30 are in the retracted p051t10n they lie
generally along respectlve axes extending generally parallel to
‘the axis of rotation 28 or at a slight outward angle with respect
thereto."As the working'head rotates the centrifugal force on the
blades cauSee the blades to pivot outward about the respective -
| transverse axes 90 to the extended position shown in Fig. 2, where-
upon the blades extend up to a maximum angle, e.g., 90°, with
respect to the axis of retatlon., With the blades in this orienta-
- tion and rotating about axis 28 their screw pitch produces a 7
powerfui'vortex which is directed generally inward toward the
centerrgf the working head. This,vortex recirculates the liquid
and stones into the rotating bladeertoteffect the progressive size
reductidn (destrﬁetiop)'thereef., As willrberappreciated by those
skilled in the art, if the blades were of a fixed size so that
they did not extend substantlally beyond the. outside diameter of
the catheter they would tend to bore a hole in large stones rather
than to fragment them. By hav1ng ‘the blades pivot outward to a
pOSLt;on,substantlally beyond the outer dlameter of the catheter
itselfaone ead create a very pbwerfuibvortex (the power in a
vortex is proportional to the blade diameter to the fifth power) .
It is also contemplated that the blades may be weighed at their
free ends or otherwise constructed to include heavy tips providing
a large mass at the radlally outward p051tlon, thereby provxdlng
rhlgher klnetlc energy to aid ln ‘the stone destruction process. '
‘In order to insure that the blades pivot outward upon
rotatlon of the working head it is 1mportant that the blades start
'from,a»retracted position in which they are separated slightly
from'each,other;' Accordingly stop means 106 is provided on,the
hub to start the bladee from an appropriate orientation. The stop
means is meunted'in a hble 108 in'the hub,adjacent the free end
thereof;andrlocated'between the two transverse'holes 92. The stop

LIS
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means basically comprises a pair of short length'side legs 110
- which lie on each side of the hub adjacent the axis 28 and which
‘are bridged by a section 111 at the distal ends thereof. The
‘other end of each leg extends into the hole 108. The section 111
being interposed between the blades thus prevents the blades from
touching each other or extending inward toward the axis of
rotation, either of which action may prevent the blades £from
' pivoting outward when the working head is rotated.

The details of the ‘shroud/guide means 34 will now be
considered. To that end that means basically comprises a plural-
ity of equidistantly spaced prongs 112, each of which is an
extension of the sleeve 46. Each prong is an elongated member
having a free end portion 114 bent at an acute angle to the
remaining portion of the prong. Each prong merges with the sleeve
46 at a living or flex hinge 116. Each hinge is formed so that
the associated prong is nommally biased outward to the extended
position shown in Figs. 2-4. In order to retract the prongs to
the retracted position of Fig. 1, the catheter 20 includes a
tubdlar compressor sleeve 118. This cbmpressor sleeve can serve
as the means for introducing the catheter into the body of the
patient. The inside diameter of the compressor sleeve 118 is just
slightly larger than the outside diameter of the sleeve 46 to
'énable the sleeve 118 to be slid longitudinally with respect to

~the sleeve 46. When the free end 120 of the compressor sleeve 113
is located so that it extends over the prongs 112, the hingesrllG
are flexed against their natural bias to force the prongs into the

 retracted position shown in Fig. 1. In this position the catheter
20 can be readily introduced to the situs of the stones to be
destroyed. Once the distal end of the catheter is at the desired
location the compressor sleeve 118 is withdrawn, that is slid
proximally with respect to the catheter so that its free end 120
is located proximally with respect to the hinge 116. Accordingly
the natural bias of the hinges 116 causes the prongs 112 to flex
outward to the position shown in Figs. 2-4. The catheter is now
ready for operation by the rotation of the working head 26 about

the axis of rotation, as described'heretofore.
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It has been found that in some applications it may be
desirable to'periodically rotate the working head in the opposite
' dlrectlon as ‘the normal dlrectlon (e.g., the dlrectlon of arrow i
104 in Flg. 5) in order to clear the working head of any entrapped
stones or- fragments. Hence the drive system is arranged to rotate ¢
the working head in elther dlrectlon upon command .

' The working head may also include at least one aperture
to the exterior thereof and in fluid.communication with the
'interior of the catheter. This aperture, can also provide a means
for 1ntroduc1ng a solvent or other liquid into the body at the

- situs of the stone to be destroyed, while also serving as a
passageway through which the stone fragments can be extracted by
suction through the catheter.

It should,also be noted that while the catheter'and 1ts
method of use as described heretofore has focused on the destruc-
tion of gall stones, it should be clear that the subject catheter
can be utilized to destroy any type of stone located within the
body of a living being, and whether the stone is free floating
(that is;-iocated-IOOSely within a body organ or tissue), or
closely:oohfined (that is, constrained or held within some body
portlon, e. g., a duct, etc. Yo In the former case the use of the
vortex is of considerble 1mportance whereas in ‘the latter case lt
is of less importance.

In accordance with the preferred embodlment of the inven—
tlon the working head, and in particular its blades, 'is formed of
a tough and impact re51stant material, such as a suitable metal,r
alloy, plastic, etc. The shroud and its extension sleeve may be
- formed- of any sultable flex1ble, resilient material such as
plastlc. ,
o Without further elaboration the foregoing will so fully
illustratermyfinvention that others may, by applying current or

]

. future knowledge, adopt the same for use under various conditions

oF

of service.
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What is claimed is:

_ 1. Apparatus for disintegrating or otherwise destroying
a stone within the body'of a living being, said apparatus com-
prising a small diameter instrument having an elongated portion
including a longitudinal axis and comprising a working head, said
elongated portion capable of baing located at a position within
saidrbody,wheréin said working head is adjacent the stone, said
working head being coupled to means for rotating said working head
at a high speed about said axis, characterized in that said
working head,comprises a first portion, at least one impacting
member having an impacting surface thereon, and coupling means
movably coupling said impacting member to said first portion for
enabling said impacting member to move from a retracted position
to an extended position, said impacting surface being located a

greater radial distance from the longitudinal axis of the

elongated portion of the instrument when in said extended position
than when in said retracted position, said impacting surface being
arranged when rotating in said extended position to impact said

stone to disintegrate or otherwise destroy it.
2., The apparatus of Claim 1 further characterized by

means for directing said stone to said rotating impacting member.
3. The apparatus of Claim 2 characterized in that said

~directing means comprises a shroud located adJacent said working

head. 7
' - 4, The apparatus of Claim 3 charaéterized in that said
shroud has an open distal end and is flared outward from a point
closely adjacent said working head to said distal end, said distal
end qf said shroud defining an enlarged mouth into which at least

a portion of said stone can enter.
5. The apparatus of Claim 1 further characterized by

' means for protecting adjacent body tissue from being engaged by

said impacting member as it rotates.
6. The apparatus of Claim 5 characterized in that said

protectlng means comprises a shroud located adjacent said working

~ head.
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7. The apparatus of Claim 6 characterized in that said

shroud has an open distal end and is flared outward from a point
closely adJacent'sald working head to said distal end, said distal
end of said shroud defining an enlarged mouth into whlch at least
a portlon of said stone can enter. _ ‘
8. The apparatus of Claim 1 characterized in that said

WQrking head'comprises'a'pair of impacting members, said bnpacting
members belng dlsposed dlametrlcally OppOSlte each other with
,respect to sald axis.

9. The apparatus of Claim 8 characterized in that each

of said impacting members comprises a blade.

10. 'The'apparatus of Claim 9 characterized in that each
of said blades is disposed at an angle so that upon the rotation
of said'working'head said blades create a vortex tending to pull
said stone into said blades. ' '

11. The apparatus of Claim 10 characterized in that each

of said blades is connected to said coupling means and is arranged
to pivot with respect to a respective axis each oriented’trans— '
verse to said longitudinal axis to enable each of said blades to
prOt from said retracted p051t10n to said extended pOSltlon-

12. The apparatus of Claim 11 further characterized by

1rstop means located between said blades to hold said blades apart
when said blades are in said retracted position. ,
' 13. The apparatus of Claim 10 further characterized by

'~add1tlonally comprising means to direct said stone to sald blades.

14, The apparatus of Claim 13 characterized in that said

dlrectlng means comprlses a shroud located adjacent sald working
head. 7 ,
- 15. The apparatus of Claim 14 characterized in that said

shroud has an open distal end and is. flared. outward frem a point
closely‘adjacent'said working head to said distal end, said'distal
end of said shroud deflnlng an enlarged mouth into which at least

a portlon of said stone can enter.
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16. The ‘apparatus of Claim 10 further characterized by

means to protect adjacent body tissue from being engaged by said

blades.

17; The appafatus of Claim 16 characterized in that said

protecting means cemprises a shroud located adjacent said working
head. - , ' , '

18. The apparatus of Claim 17 characterized in that said
'shroud has an open distal end and is flared outward from a point
closely adjacent said working head to said distal end, said distal
end of said shroud defining an enlarged mouth into which at least

a portion of said stone can enter.
19. The apparatus of Claim 4 characterized in that said

shroud is expandable from a retracted position to an expanded
position wherein said shroud is flared outward to define said

enlarged mouth.
20. The apparatus of Claim 7 characterized in that said

shroud is expandable from a retracted position to an expanded
position wherein said shroud is flared outward to define said

enlarged mouth.
' 21. The apparatus of Claim 19 characterized in that said

shroud comprises a plurality of elongated ribs.
' - 22. The apparatus of Claim 20 characterized in that said

shroud comprises a plurality of elongated ribs.
23. The apparatus of Claim 4 characterized in that said

shroud comprises a plurality of elongated ribs.
24, The apparatus of Claim 7 characterized in that said

shroud comprises a plurality of elongated ribs.
25. The apparatus of Claim 1 characterized in that said

coupling means- for enabling said impacting member to move from
said retracted position to said extended position comprises means
for enabling said movement when said working head is rotated.

26. The apparatus of Claim 25 characterized in that said

working head comprises a pair of impacting members, said impacting
members being disposed diametrically opposite each other with

respect to said axis.
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27, The apparatus of Claim 26 characterized in that eachri

of sald impacting members comprlses a blade.

28., The apparatus of Claim 27 characterized in that each

-~y

of sald blades is disposed at an angle so that upon the rotatlon
- of sald working head said blades create a vortex tendlng ‘to pull
said stone lnto said blades. ,
' 29, The apparatus of Claim 28 characterized in that each

of said blades is connected to said coupling means and 1s arranged
to plvot with respect to a respective axis each oriented trans-
verse{te'said longitudinal axis to enable said blade to pivot from
said retracted position to said extended position upon the rota-

o tion'oﬁrsaid working head about said axis.

%oy

x
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