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(57) Abstract: A method and apparatus are provided for quickly connecting a handpiece (400) to a pressurized fluid source (300).
A hollow tube on the handpiece (400) is inserted through an aperture in an annular (100) gasket which is held in a chamber (500)
in a body. On application of pressurized fluid to the body, the gasket is pressed against the walls of the chamber, and against the
tube, thereby channeling the pressurized fluid through the hollow tube. The handpiece is retained in connection with the body by a
releasable connector, such as a latch (944). The handpiece can be removed and replaced by releasing and remaking the connection.
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MEDICAL DEVICE WITH HIGH PRESSURE QUICK DISCONNECT HANDPIECE

Field of the Invention

The present application relates to a device that facilitates connection of a source of high
pressure fluid to the operating portion of various medical instruments. The device is
particularly useful in instruments, including those of the disposable variety, in which a high

pressure fluid jet is used in the treatment of tissue. ‘

Background of the Invention

Jets of high pressure fluids, such as saline, have been used in various surgical and
medical applications to, for example, remove tissue, debride wounds, and drive small burrs and
cutters. Such uses are described in US 5,713,878, 5,871,462, 5,944,686, and 6,216,573, owned

by the assignee of the present application, as well as in patents to others.

Devices using these water jets typically have two principal subsystems. One part
compresses the fluid to high pressure, at least about 500 to 1,000 pounds-per-square inch (psi),
and more typically from about 1,000 to 25,000 psi or more, with a preferred range, dependent
on the end use of the device, that will often be narrower, such as 6,000 to 15,000 psi, 3,000 to
12,000 psi, or 10,000 to 20,000 psi. (1000 psi is about 7 MPa.) The pressurized fluid is
conveyed through flexible tubing to a handpiece, which may utilize the pressurized fluid in
various ways. For example, the handpiece may permit the surgeon to direct a stream of fluid at
tissue, such as in a tissue removal or debriding operation, or it may use the stream of fluid to
drive a rotating burr or cutter. Typically, the handpiece and tubing are sterile, while the pump
is internally sterile but located outside of the sterile field. In some applications, the handpiece

may be disposable, as cleaning after an operation is not necessarily reliable.

Many prior art methods for connecting high-pressure liquid streams involve tightening
screw connections, typically in order to compress and deform gaskets. Gaskets in a high-
pressure syétem can be problematic, because, to the extent that they are elastomeric, they tend

to deform and extrude, while stiffer ones may not seal well.

Medical procedures often require the use of more than one type of handpiece. It is
therefore useful to be able to detach the handpiece from the high-pressure supply and change
the handpiece during a procedure. This procedure requires simplicity of operation in a sterile

field, and preferably does not involve manipulations difficult to conduct with gloved hands. At



10

15

20

25

WO 03/013645 PCT/US02/25133

the same time, the connection must be able to sustain high pressures as described above
without leaking. Any such mechanism preferably is inexpensive, so as to be disposable, and it

should be sterilizable.

Summary

The present invention provides a high-pressure connection suited for use in medical
systems employing high pressure fluids, particularly liquids. In some of these applications, jets
of liquid, such as isotonic saline, are used, for example, to cut tissue, to debride wounds, to
lavage, to disinfect, to wash tissue surfaces, and to provide power to devices, for example by
driving a turbine. Each different medical application may require a particular form of
handpiece optimized for the particular procedure, or may require a family of handpieces. In
the course of a medical procedure, it may be useful to use several different handpieces, and
perhaps to use a particular handpiece at different times during the procedure. In one aspect, the
present invention provides a system that permits changing of the handpieces used during a

single medical procedure.

A physician, once scrubbed and gowned and present in a surgical field, needs to be able
to execute changes of handpieces without removing gloves or leaving the field, making
simplicity of connection and disconnection critical. In another aspect, the invention provides a
means by which a single pump or other source of high pressure fluid may be easily connected

and disconnected to one or more handpieces during the course of a procedure.

It is also advantageous to be able to use a single high-pressure fluid source sequentially
for more than one patient without requiring it to be sterilized between patients. This can be a
significant source of savings when the same procedure, decubitus ulcer treatment, for example,
is to be performed on multiple patients during the course of a day. In another aspect of the

invention, the high-pressure connection facilitates such sequential use.

Various handpieces may also include low-pressure return lines or other conduits that
may need to be safely and quickly disconnected when changing handpieces. In another aspect,
the invention provides a means for quick connection or disconnection of such auxiliary

conduits.
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In another aspect of the invention, a high pressure connection includes a gasket that,
when compressed by the pressure of fluid flowing through the device, forms a tight seal that

prevents the fluid from passing between the gasket and adjacent surfaces.

In another aspect of the invention, a high pressure connection is constructed such that a
component of the force resulting from the pressurized fluid operates on a gasket in a direction
normal to the direction of fluid flow, so as to form a tight seal that prevents the fluid from

passing between the gasket and adjacent surfaces.

In another aspect of the invention, a gasket is annular in shape and is adapted to receive
a supply tube through a hole in its center. The annular gasket has an annular channel in an
axial surface constructed to direct a component of the force directed on the gasket in
approximately radial directions inwardly and outwardly, so as to form a tight seal that prevents

the fluid'from passing between the gasket and adjacent surfaces.

In another aspect of the invention, a high pressure connection includes a body and a

cap, where a gasket fits into a recess in the body and the cap fits over the body.

In another aspect of the invention, a medical device has a high pressure fluid
connection with (a) a first lumen adapted for fluid flow, (b) a second lumen adapted for fluid
flow and arranged at least partially within the first lumen, and (c) a gasket positioned between
the first lumen and the second lumen and constructed and arranged such that the pressure of the
fluid flowing though the connection creates fluid impermeable seals between the gasket and

the first lumen and between the gasket and the second lumen.

In another aspect of the invention, a medical device has a quickly changeable
connection between a high pressure fluid source and a handpiece, wherein the connection
comprises (a) a thin tube having a lumen in fluid connection with a first fluid pathway
extending through the handpiece, (b) a chamber having a first opening receiving the thin tube
and a second opening connecting to a second fluid pathway, (c) a gasket located in the
chamber and having a base disposed adjacent to the first opening and a passage through the
base surrounding the thin tube, wherein the gasket has a first rim contacting the wall of the
chamber and a second rim contacting the thin tube, and (d) a latching mechanism to maintain

the tube in the gasket.
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In another aspect of the invention, a system for quickly changing handpieces attached
to a high pressure fluid source includes (a) at least one handpiece carrying a portion of a
latching mechanism and one of a connecting tube and a chamber having an aperture leading to
a gasket, and (b) a high pressure fluid source carrying a complementary portion of a latching
mechanism and the other of a connecting tube and a chamber having an aperture leading to a
gasket, wherein the gasket has an inner rim and an outer rim and the inner and outer rims
engage the connecting tube and the wall of the chamber, respectively, when the connecting

tube is inserted in the chamber and pressure is applied to the chamber.

In another aspect of the invention, a medical instrument for performing surgery using a
high pressure fluid jet is improved by the addition of a handpiece that is readily connected and
disconnected from the source of high pressure fluid, wherein the means of connection is
formed by (a) an inlet tube connected to the handpiece, (b) a gasket with inner and outer rims
projecting inwardly and outwardly, respectively, with respect to the base, and (c) a chamber for
holding the gasket, the chamber being connected to the source of high pressure fluid and
having an aperture in alignment with the hole in the gasket. The projections of the {nner and
outer rims of the gasket are adapted to seal the joints between the gasket and an inner wall of
the chamber and between the gasket and the inlet tube. The connection may be made by
inserting the inlet tube through the aperture in the chamber and the hole in the gasket, and the

connection may be maintained by the engagement of reversible latching means.

In another aspect of the invention, a method for ensuring accurate mating of at least one
tube in a handpiece with a corresponding gasket in a connector includes providing
corresponding keying features on the handpiece and the connector, and providing a sufficient
depth of travel of the connector within the handpiece before contact between the tube and the
gasket to ensure angular alignment between the tube and the gasket.

In another aspect of the invention, a high-pressure fluid connection in a surgical
instrument or system comprises (a) a chamber containing a high pressure fluid from a fluid
source, the chamber having an inner surface; (b) a tube communicating with the chamber for
conducting the fluid to the surgical instrument or system, the tube having an outer surface and
a central axis; and (c) a gasket surrounding the tube and coupling the tube to the chamber to
provide a seal between the inner surface of the chamber and the outer surface of the tube,

wherein the gasket includes a central channel for receiving the tube; and an annular channel
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surrounding the central channel, the annular channel being formed by inner and outer side
walls that are disposed at an acute angle with respect to the central axis of the tube and wherein
the inner and outer side walls extend away from one another from a closed end to an open end.

In another aspect of the invention, a method for conducting a surgical procedure
requiring the use of a high pressure fluid jet applied to more than one exchangeable handpiece
includes (a) providing a handpiece that is reversibly connectable to a source of high pressure
fluid, wherein the reversible connection is made by the insertion of a tube into a chamber
containing a gasket that has an inner rim, an outer rim, and a passage for the tube, wherein the
gasket deforms as a result of the pressure of the fluid sufficiently to block the passage of fluid
out of the chamber except via the tube, and (b) maintaining the connection between the
handpiece and the source of high pressure fluid by releasable latching means.

The success of this simple device is surprising. In contrast to prior art devices, the
gasket of the inventive device has no place into which it can extrude, and its deformation by

pressure tends to increase the tightness of the sealing.

Brief Description of the Drawings

The objects, advantages and features of this invention will be more clearly appreciated
from the following detailed description, when taken in conjunction with the accompanying
drawings, in which:

Figure 1 is a partial schematic diagram of a high pressure connection according to the
present invention;

Figure 2a is a perspective view of a gasket according to the present invention;

Figure 2b is a top plan view of the gasket of Fig. 2a;

Figure 2c is cross-sectional view of the gasket of Fig. 2a;

Figure 2d is a perspective view of an alternative gasket according to the present
invention;

Figure 2e is a perspective view of a second alternative gasket according to the present
invention;

Figure 3a is cross-sectional view of an alternative chamber assembly according to the
present invention;

Figure 3b shows cross-sectional and perspective views of an alternative chamber

assembly according to the present invention;
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Figure 3c shows cross-sectional and top plan views of an alternative gasket according
to the present invention;

Figure 3d shows cross-sectional and perspective views of an alternative gasket
according to the present invention;

Figure 4a is an end view of a cap according to the present invention;

Figure 4b is a cross-sectional view of the cap of Fig. 4a;

Figure 4c is a detail of Fig. 4b;

Figure 5a is an end view of a stem according to the present invention;

Figure 5b is a cross-sectional view the stem of Fig. 5a;

Figure 6a is a cross-sectional view of a supply assembly according to the present
invention;

Figure 6b is perspective view of a supply assembly according to the present invention;

Figure 7a is a cross-sectional view of an alternative means of binding a cap to a stem
according to the present invention;

Figure 7b is a cross-sectional view of a second alternative means of binding a cap to a
stem according to the present invention;

Figure 8a is a cross-sectional view of an alternative chamber according to the present
invention;

Figure 8b is a cross-sectional view of a second alternative chamber according to the
present invention;

Figure 8c is a cross-sectional view of a third alternative chamber according to the
present invention;

Figure 9a is an exploded perspective view of a handpiece according to the present
invention;

Figure 9b is an exploded perspective view of a coupler according to the present
invention;

Figure 10a illustrates a partial, side schematic diagram of an alternative means of
attaching a handle to a coupler according to the present invention;

Figure 10b illustrates a partial, side schematic diagram of a second alternative means of

attaching a handle to a coupler according to the present invention;
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Figure 10c illustrates a partial, side schematic diagram of a third alternative means of
attaching a handle to a coupler according to the present invention;

Figure 10d illustrates a partial, side schematic diagram of a fourth alternative means of
attaching a handle to a coupler according to the present invention; and

Figure 10e is a detail of Fig. 10d.

Detailed Description

The invention will now be described with particular reference to Figure 1, which shows
an illustrative embodiment in which a connection device mates a high pressure fluid source
300 with a handpiece 400. This embodiment includes a gasket 100 that is disposed in an
opening 512 in a stem 510 onto which is mounted a cap 530, such as by the use of threads 518,
538. The gasket 100 receives a handpiece supply tube 410 through its center. As described
more fully below, the pressure of the fluid flowing from the high pressure fluid source 300
presses the outer surfaces of the gasket 100 against the inner wall 505 of the chamber 500 and
against the outside wall 415 of the handpiece supply tube 410, thereby preventing the fluid
from passing between the gasket 100 and the inner wall 505 or between the gasket 100 and
wall 415 the handpiece supply tube 410.

Figure 2 shows three different illustrative embodiments of a gasket 100 according to
the invention. Figures 2a, 2b, and 2¢ are a perspective view, a face-on view, and a cross-
sectional view, respectively, of a first embodiment of the gasket 100. The annular gasket 100
of this first embodiment includes an outer rim 110, an inner rim 120 surrounding a central hole
130, and a base portion 140. The inner and outer rims 110, 120 form an annular channel 150.
Hole 130 serves as an opening for insertion of the handpiece supply tube 410 and preferably is
shaped so that, upon pressurization of the chamber 500 or equivalent, the gasket 100 is pressed
against the handpiece supply tube 410 in a manner that substantially prevents egress of fluid
around the gasket 100. In addition, the gasket 100, or another gasket, seals the chamber 500 so
that pressurized fluid cannot flow between the gasket 100 and the inner wall 505 of the
chamber 500.

The side walls 152 and 154 of the channel 150 of this embodiment preferably form
acute angles with respect to a central axis of hole 130 or with respect to a flow of fluid through

hole 130. Outer walls 152 preferably flare or extend radially outwardly from base portion 140
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to a top of gasket 100, while inner walls 154 preferably flare or extend radially inwardly from
base portion 140 to a top of gasket 100, as shown in Figure 2c. This construction allows a
component of the pressure associated with the flow of fluid through chamber 500 to operate on
the gasket 100 in a direction normal to the flow of fluid, forcing the inner and outer rims 110,
120 against walls 505 and 415, thereby preventing fluid from flowing between the gasket 100
and adjacent surfaces. It should be understood however, that while such radial flaring of the
walls of the channel 150 has been found to be advantageous, the device can function without

such an arrangement.

The inner surface 135 of the central hole 130 of this embodiment preferably flares or
extends radially inwardly from the bottom 160 to the top of the gasket 100, and the outside
surface 170 of the gasket 100 preferably flares or extends radially outwardly from bottom 160
to the top of gasket 100, as shown in Figure 2c. Walls 135 and 170 both preferably form acute
angles with respect to the central axis of hole 130 or with respect to the flow of a fluid through
hole 130. The flaring of the outside surface 170 of the gasket 100 is illustrated in Figure 1 by a
gap 172 between the base portion 140 of the gasket 100 and the inner wall 505, and as an
overlap 174 of the rim 110 and the inner wall 505. This arrangement ensures that the inner rim
120 is in contact with wall 415 of the handpiece supply tube 410 and, similarly, ensures contact
between the outer surface of wall 170 of gasket 100 and the inner walls 505 of the chamber
500. It should be appreciated, however, that the device can function without such an
arrangement.

Figures 2d and 2e show other embodiments of the gasket, illustrating that the rims and
base may be of differing thicknesses. The appropriate thickness depends on the pressures to be
employed and on the precise configuration of the gasket 100 and the related components. In
all other respects, the gaskets of Figures 2d and 2e are the same as the gasket of Figures 2a, 2b,

and 2c.

Of course, the invention includes within its scope many other variations of the gasket
100. For example, the gasket 100 may have a cross-section that is taller or wider than
illustrated, or in which the outer and inner rims 110, 120 are of different heights. Similarly, the
channel 150 may be shallower or deeper than illustrated, its walls 152, 154 may have different
and in some cases non-uniform angles of flare, and it may have a “V”’-shaped or rounded

bottom. The gasket 100, rather than being circular in plan, may be oval, rectangular,
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triangular, or have any number of other shapes. The central hole 130 may also take other
shapes and sizes, depending on the nature of the handpiece supply tube 410 that it is meant to
fit. In addition, the central hole 130 need be not be located in the center of the gasket 130.
Also, certain embodiments may have more than one hole 130. Also, and, in some

embodiments, the gasket 100 need not fully encircle the handpiece supply tube 410.

A variation on gasket 100 is illustrated in Figure 3a, which shows an example of a non-
concentric gasket that will accomplish the purposes of the invention. In this embodiment, the
hole 202 is in the side of a cup-shaped gasket 200, and the hole 202 is tapered. The gasket 200
is held in a chamber 204 similar to that of previous figures, composed of a stem 208 and a cap
210 and having high pressure inlet 212. A hole 206 is provided in the chamber, in this case
through the wall of the stem 208. The need to provide sufficient tapering of the gasket 200

without a significant projection may require a thicker gasket 200.

In another embodiment, as shown in Figure 3b, a first gasket 220 has an aperture 222.
The edges 224 of the first gasket 220 will seal upon a second gasket 226, which has taper in its
aperture 228 to seal on a tube that is inserted through hole 230. The high pressure inlet 232 is
illustrated as being non-concentric. This arrangement allows for a longer aperture 228 through
the second gasket 226 to improve sealing, while maintaining the ability to injection mold the

parts.

In other embodiments of the invention, it might be desirable to have more than one high
pressure outlet from the chamber. In such an embodiment, two holes could be provided in the
side of the gasket 200 of Figure 3a, or in the bottom 160 of the gasket 100 of Figure 2. In
addition, a second hole in the gasket could provide a high pressure inlet, replacing the inlets
516, 212 or 232 of Figures 1, 3a, or 3b. Such a gasket 240 is shown in cross-section in Figure

3¢, in an embodiment having an outer rim 242 and two inner rims 244 surrounding holes 246.

Figure 3d shows another variant of the gasket of Figure 1, which has a shallow annular
channel between the inner and outer rims 260, 262, and, as a separate variant feature, in which
the gasket has a taper and fits into a tapered region of a stem 266. The width of the base 264 is
reduced to an edge, or a thin rim, to prevent extrusion of the gasket around the tube when the

apparatus is pressurized.
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Gasket 100 is preferably made of an elastomeric plastic, although with appropriate
design (e.g., the design of Figure 2e) it could be formed of a flexible metal. The plastic should
be reasonably hard; a Durometer rating of 90 (Shore A scale) has been found to be suitable, but
the Durometer rating may be higher or lower, ranging, for example, from about 25 to about
100, depending on the desired pressure, the desired insertion force, and on the desired
clearance between the handpiece supply tube 410 and the cap 530. The gasket 100 may be
manufactured by any of the large variety of known methods for forming objects from plastic.
For prototypes, machining is convenient; for production, molding is typically more cost-
effective. Any plastic may potentially be of use in the invention; suitable materials include
polyurethane, silicone, nylon, acetal, and rubber. Because prototyping is simple, any plastic

can easily be evaluated for suitability without undue experimentation.

The gasket 100 of the illustrated embodiment is enclosed in a chamber 500, as
illustrated in Figures 1. In this embodiment, the gasket 100 is inserted into an opening 512 in a
stem 510, and the chamber is completed by mounting cap 530 onto stem 510, thereby retaining
the gasket 100.

The cap 530 is shown most clearly in Figure 4, in which Figure 4a shows a face-on
view of the cap 530 and Figure 4b shows a cross section of the entire cap 530. The cap 530
may be made of a metal such as stainless steel, plastic, or any other material suitable for
withstanding the desired pressures. The face 532 of the cap has an aperture 534 for insertion
of the handpiece supply tube 410. While the aperture 534 of the illustrated embodiment is
approximately circular, it could be any suitable shape in other embodiments. The interior 536
of the cap 530 of this embodiment is hollow and, in a preferred embodiment, it carries internal
screw threads 538. Figure 4¢ shows a more detailed view of the face 532 of the cap 530. In
particular, aperture 534 typically carries a chamfer 540 to facilitate insertion of the handpiece
supply tube 410. Of course, the cap 534 need not be circular in cross-section as shown in

Figure 4, but rather can have any appropriate cross-sectional shape.

The diameter of the aperture 534 relative to the outer diameter of the handpiece supply
tube 410 is not critical. There must be enough clearance to allow ready insertion of the
handpiece supply tube 410 into the aperture 534 and through the gasket 100, while the upper
limit of the allowable clearance is set by the need to prevent extrusion of the gasket 100 under

pressure of the fluid. Clearly, harder gaskets and lower pressures permit greater clearance. As

10
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a practical matter, a minimum clearance between wall 415 and the inner surface of aperture
534 is about 0.0005 inch, a typical clearance is of about 0.001 to about 0.005 inch, and

clearances up to about 0.02 inch, or more, are possible.

One configuration for stem 510 of this embodiment is shown in Figure 5, in which
Figure 5a is a face-on view and Figure 5b is a cross-section. One end of the stem 510 of this
embodiment has an opening 512 for receiving gasket 100. The side wall of opening 512 forms
the inner wall 505 of the chamber 500 with which the gasket 100 is in engagement under
pressure. The opening 512 typically is provided with a chamfer 514 to simplify insertion of
the gasket 100. A passage 516 connects the high-pressure fluid source 300 with the opening
512. In this embodiment, the central portion of the stem 510 has threads 518 on its outer
surface that mate with the threads 538 on the cap 530. The other end of the stem 510 may
carry a barb 520 for firmly connecting the stem 510 to the high-pressure fluid source 300.
While the barb 520 of this embodiment may be connected to the stem 510 by swaging, it could
be connected by gluing, welding, brazing, potting, crimping, screw connecting, clamping, or
other known means of fastening a tube to a hollow object so as to allow flow through the
object from the tube. In other embodiments, the barb 520 may be an integral part of the stem
510. It should be understood, however, that the method of connection of the stem 510 to the
high pressure fluid source 300 is a part of the invention and may be made by any suitable
means capable of withstanding the applied pressure without leaking. Like the cap 530, the
stem 510 may be made of a metal such as stainless steel, plastic, or any other material suitable
for withstanding the desired pressures, and it may have any appropriate cross-sectional shape.

Figure 6 illustrates an assembled device in which gasket 100 resides within chamber
500. Figure 6a is a cross-section and Figure 6b is an exterior perspective view. In this
embodiment, assembly includes inserting the gasket 100 into the opening 512 of the stem 510,
such that the bottom 160 of the gasket faces outwardly and attaching the cap 530 onto the stem
510. Notably, aperture 534 is in registration with the hole 130 in the gasket 100. The
connection between cap 530 and stem 510 need not be tight enough to be leakproof because
the seal between the gasket 100 and the side wall 505 of the chamber 500 typically prevents
fluid from reaching the region of the screw connection. Figure 6a shows an example of a

crimped seal 31 that serves to connect a high pressure hose 310 to the barb 520.

11
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While the use of threads 518, 528 to connect the cap 530 to the stem 510 has been
found to be particularly effective, other methods also may be used. In different embodiments,
for example, the threaded connection between the cap 530 and the stem 510 could be replaced
by a clamp, a bayonet-type connector, a weld or braze, glue or other adhesive, a press-fit, or a
crimp forming a seal. Crimping and welding are preferred in production for economy and
simplicity. Figure 7a shows a crimp seal 600 that can make a leakproof connection by forcing
the material of the cap 530 into a circular groove 602 in the stem 510. Such seals are
themselves capable of withstanding pressures of 25,000 psi or more, although in operation a
gasket (not illustrated) similar to gasket 100 could be disposed in the chamber 500. In Figure
7b, the connection between the stem 510 and the cap 530 is made by a weld 604; again, a
gasket (not shown) could be present in chamber 500. As noted, the means for connecting cap
530 to stem 510 is not important, and any connecting means can be used that provides
sufficient strength to resist the pressure applied to the cap 530 when the device is pressurized.

As the device may be disposable, non-reversible connecting means may be acceptable.

The invention also includes within its scope chambers 500 formed in other ways. For
example, in another embodiment, as illustrated in Figure 8a, the chamber 500 could be
constructed such that the cap 530 carries the gasket 100 and screws into a stem 510. In such a
design, a second gasket 606, generally similar to the gasket 100 described above, could be used
to prevent leakage through the threaded connection between the cap 530 and stem 510. It
should also be appreciated that, as illustrated in Figure 8b, the chamber 500 can be “reversed,”
so that the chamber 500 is formed between a handpiece 400 and a cap 530 attached (by any
means, such as those shown in previous figures) to the proximal end of handpiece 400.
Chamber 500 contains a gasket 100, and is connected via connectors (not shown) to a source of
high pressure fluid via a tube 410 inserted into the aperture 534. Moreover, in another
embodiment, as shown in Figure 8¢, the chamber 500 may be double-ended and connect to
both the fluid source and the handpiece 400 via tubes (not shown) through apertures 534. A
body 608 with a central passage 610 carries a cap 530 having an aperture 534 on each end, to
form two chambers 500, each of which contains a gasket 100. The caps 530 may be bonded to
the body by any means. The bond between the cap or caps 530 and the handpiece 400 or body
608 must be watertight at high pressures (in the absence of a second gasket as in Fig 8a), which
can be accomplished by crimping or welding, among other methods, or, in some embodiments,

by the provision of a second gasket similar to that shown in Figure 8a. The arrangement of
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Figure 8c is slightly more complex than that of Figures 8a or 8b, but provides additional
flexibility.

As can be seen from Figure 1, the pressure of the fluid in the chamber 500 exerts a
force on the handpiece 400 or other attached device that is proportional to the area of
handpiece supply 410. In medical uses of the device, the pressures are typically in the range of
about 5,000 to about 20,000 psi, although they may be lower or higher in particular procedures.
The volume of fluid to be passed through the handpiece supply tube 410 is small, however, and
tube 410 diameters in the range of 0.03 to 0.05 inch are generally sufficient. (The diameter of
the tube 410 is not critical to the invention, and may range from about 0.001 to 0.2 or more
inches.) The resulting cross-section experiences total forces (force/unit area times area) in the
range of about 1 to about 100 pounds and, more commonly, about 5 to about 50 pounds. In the
absence of connecting means, this force would tend to detach the handpiece 400 from stem 510
and cap 530.

Figures 9a and 9b are exploded views of a preferred embodiment of a handle 700
containing the handpiece supply tube 410 that mates with a coupler 800 that houses the
chamber 500 (not shown). As shown in Figure 9a, the handle 700 typically is assembled from
two half-handles 702, 704 and, as seen in Figure 9b, the coupler typically 800 includes two
assembled half-couplers 802, 804. The particular shapes of the half-handles 702 and 704 and
half-couplers 802 and 804 are not critical. Half handles 702, 704 and half couplers 802, 804
may be fixed together by any suitable means including, in this embodiment, screws. The
handle 700 and the coupler 800 typically may be connected by two mirror-image, opposing
moveable tabs 810 on the coupler 800 that fit into slots 706 on the handle 700. In one
embodiment, tabs 810 are formed on a flexible arm 812 and have sloped distal surfaces 814
and perpendicular proximal surfaces 816. When the coupler 800 is inserted into the handle
700, the tabs 810 are depressed by the rim 708 of the handle 700 which bends the flexible arms
812. Tabs 810 then rise into the slots 706, where the tabs 810 are retained by their proximal
face 816, thereby latching the tube-carrying handle 700 to the chamber-carrying coupler 800.
The flexible arms 812 may be made flexible by longitudinal cuts 818 partially separating them
from the rest of the coupler 800. The coupler 800 is provided with rigidity by its cylindrical
shape and by a proximal face 830, which in this embodiment is solid except for openings 832,

and by its connection to the handle 700.
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The connection between the handle 700 and the coupler 800 may be broken by
depression of the flexible arms 812, for example at pressing points 820. The exact shape and
location of the pressing points 820 is not critical, although it is preferable that they have tactile
features, such as reliefs, roughening, or the like, so the operator can feel where to pinch the
opposing flexible arms 812. Depression of arms 812 depresses the tabs 810 below the level of
the slots 706, and allows the handpiece 400 to be removed by the other hand, by lodging the

handpiece 400 in a separate device (not illustrated), or even by shaking it.

While the slot and tab method of connection has been found to be effective, the means
by which the handle 700 is attached to the coupler 800 is not critical to the invention, and a
variety of attachment means will accomplish the desired retention. The means selected must
be sufficient to withstand the applied force, and should preferably be simple, easy to operate
(optionally, with one hand), and, when the handpiece 400 is a disposable item, inexpensive. In
low pressure applications, the connection means may be light duty, while in other applications,
more robust connection means, such as screw connectors, may be employed. In some
applications, it may be desirable to connect a handpiece 400 with the use of a connector that is
designed not to be releasable. Such a device is also within the scope of the invention. A

number of alternative connection methods are illustrated in Figures 10a-e.

Figure 10a shows a method of connecting a handle 700 and a coupler 800 in which the
handle 700 carries a sleeve 900 that has internal threads 902. The coupler 800 of this
embodiment has external threads 904 and the device is assembled by screwing the internal

threads 902 onto the external threads 904.

In the embodiment of Figure 10b, the handle 700 has balls (or rods) 920 that protrude
partially through its surface 922. A sleeve 924 that has recesses 926 is attached to tabs 928.
When the tabs 928 are moved in the direction of the balls 920, the sleeve 924 moves in the
same direction until the balls 920 slip into the recesses 926. With the balls 920 in the recesses
926, the handle 700 may be inserted into the coupler 800, after which the tabs 928 may be
returned to their original position, moving the sleeve 924 in the direction out of the coupler.
As the sleeve 924 moves in that direction, it causes the balls 920 to again protrude through the
surface 922 and to fit into the recesses 930, thereby retaining the handle 700 in the coupler
800. The handle 700 may be released from the coupler 800 by reversing the process.
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Figure 10c shows an embodiment which the handle 700 may be connected to coupler
800 by means of a lever-type arrangement. In this embodiment, two levers 940 are attached to
the handle 700 by means of pivots 946. Springs 948 bias the ends 942 of the levers 940 away
from the handle 700 about the pivot 946. The device of this embodiment is assembled by
pinching the ends 942 of the levers 940 in the direction of the handle 700, which causes the
jaws 944 of the levers 940 to open. After the handle 700 is inserted into the coupler 800, the
ends 942 are released and the springs 948 cause the jaws 944 to close. The closed jaws 944 fit
into coupler recesses 950, thereby retaining the handle 700 in the coupler 800. The handle 700
can be released by again by pinching the handle ends 942 to open the jaws 944.

In the embodiment of Figures 10d and 10e, the handle 700 carries a lock pin 960 that
has a notch 962 at the end farthest from the handle 700. The coupler 800 has a finger actuator
964 attached to a plate 966 that has a keyhole opening 968, as shown in Figure 10e. The plate
966 has a tab 970 that fits into a spring 972, which biases the plate 966 in the direction of the
finger actuator 964. The device is assembled by depression of the finger actuator 964, which
moves the plate 966 into a position in which the larger end of the keyhole opening 968 is
approximately concentric with the coupler 800. In this position, the handle 700 can be inserted
into the coupler 800, causing the lock pin 960 to pass through the larger end of the keyhole
opening 968. When the force is removed from the finger actuator 964, the force of the spring
972 causes the plate 966 to move in the direction of the finger actuator 964 which, in turn,
causes the smaller end of the keyhole opening 968 to slip over notch 962, thereby retaining the
handle 700 in the coupler 800. The handle may be removed by depression of the finger
actuator 964.

It is preferable that the high pressure source be turned off or otherwise disengaged
during changing of handpieces. In addition to the creation of an undesirable spray of fluid, the
insertion or withdrawal of the tube while the gasket 100 is under pressure is potentially
damaging to the gasket 100. To this end, the attachment means can be designed to make it
difficult to unlatch the handpiece while pressure is applied to the device. For example,
referring to Figure 9b, the proximal face 816 of the tab 810 can be slanted in the same direction
as distal face 814, so that the handle 700 must be pushed towards the coupler 800 to permit

disengagement. Other means of achieving the same function can readily be devised for other
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connecting systems. Alternatively or in addition, mechanical or electronic interlocks can

disengage the high pressure source when the attachment means is operated.

As seen in Figure 9a, handle 700 of the illustrated embodiment encloses a tube
assembly 710 having a high pressure tube 702 extending from handpiece supply tube 410 to
distal region 704, and a low pressure return tube 706 connected to a low pressure hose 708 and
a connector 710. The handpiece supply tube 410 and the connector 710 both extend through a
septum 720, and are recessed with respect to rim 708. Coupler 800 encloses the chamber 500,
including cap 530, gasket 100, and stem 510, as well as tube supporting block 840 and low
pressure connector 850. Tube supporting block 840 has openings 842, 843 that communicate

with tubes 844, 845 into which the chamber 500 and low pressure connector 850 are inserted.

In this embodiment, the device is assembled by inserting the handle 700 into the
coupler 800. In a preferred embodiment, a cutout 846 on block 840 mates with the key 730 to
ensure correct orientation. The position of the handpiece supply tube 410 and the connector
710 within the handpiece also helps ensure that the coupler 800 is inserted into the handle 700
in the proper alignment and reduces the possibility that the handpiece supply tube 410 might be
bent or otherwise damaged. Upon assembly, the handpiece supply tube 410 passes through
opening 843, tube 845, aperture 534 of cap 530, and gasket 100. Connector 710 of low
pressure hose 708 passes through opening 842 and tube 844 and mates with connector 850. As

described above, the attachment means secures handle 700 to the coupler 800.

The operation of this illustrative embodiment may be appreciated by reference to
Figures 1 and 9. Upon activation of the high pressure fluid source, fluid is channeled through
the fluid passage 516 and into the chamber 500. When the high pressure fluid is received into
the chamber 500, the pressure forces the inner rim 120 against wall 415 of handpiece supply
tube 410, the outer rim 110 against the inner wall 505, and the base 140 of the gasket 100
against the cap 530. The force pressing the inner rim 120 against wall 415 of the handpiece
supply tube 410 and outer rim 110 against the inner wall 505 of the chamber 500 increases as
the pressure of the fluid increases. The fluid cannot escape from the chamber 500 by running
along wall 415 of the handpiece supply tube 410, because of the tight seal between the inner
rim 120 and wall 415, nor can it reach the threads 518, 538 between the stem 510 and the cap
530, because of the seal between the outer rim 110 against the inner wall 505. Having no other

outlet, the fluid travels through the tube assembly 710 and is emitted from the distal region 704
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tip at high pressure, providing a tissue cutting action. The spent fluid is then drawn into the
low pressure return tube 706, travels through the low pressure hose 708, and is ultimately

collected for disposal.

While the invention has been described in conjunction with specific embodiments,
many alternatives, modifications, and variations will be apparent to those skilled in the art.
Accordingly, embodiments set forth herein are intended to be illustrative of the various aspects
of the invention, not limiting, and various changes may be made without departing from the
spirit and scope of the invention. It should also be appreciated that this system does not
significantly change the design of the handpiece, other than to require a chamber or a tube and
a latch or other connector, so any of the known handpiece types for using high pressure fluids
in medical and other procedures can be connected by means of this connecting system. The
handpieces themselves may have further interchangeable features, which may also make use of

the connection system of the invention.
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Claims

1. A medical device having a high pressure fluid connection comprising:

a first lumen adapted for fluid flow;

a second lumen adapted for fluid flow and arranged at least partially within the first
lumen; and

a gasket positioned between the first lumen and the second lumen and constructed and
arranged such that the pressure of the fluid flowing though the connection creates fluid
impermeable seals between the gasket and the first lumen and between the gasket and the
second lumen.

2. The medical device of claim 1, wherein the pressure of the fluid flowing though
the connection seals the gasket against an inside surface of the first lumen and against an
outside surface of the second lumen.

3. The medical device of claim 1, wherein the gasket is maintained in its
longitudinal position by a cap.

4. The medical device of claim 1, wherein the force resulting from the pressure on
the gasket has a component that is normal to the axis of at least one of the first and second
lumens.

5. The medical device of claim 1, wherein the gasket has a top surface facing in a
direction upstream of the fluid flowing through the connection and the top surface contains a
channel.

6. The medical device of claim 5, wherein the channel has an open top and a
closed bottom and at least part of the open top is wider than at least part of the closed bottom.
7. The medical device of claim 1, wherein the first and second lumens are

concentric to each other.

8. A gasket for a high-pressure connector in a surgical instrument or system, the
gasket comprising:

an annular member surrounding a high pressure tube admitted into a chamber;

an inner rim on the annular member that seals tightly against the high pressure tube
when pressure is applied to the chamber; and

an outer rim on the annular member that seals tightly against an inner wall of the

chamber when pressure is applied to the chamber.
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9. A medical device having a quickly changeable connection between a high
pressure fluid source and a handpiece, wherein the connection comprises:

a thin tube having a lumen in fluid connection with a first fluid pathway extending
through the handpiece;

a chamber, the chamber having a first opening receiving the thin tube and a second
opening in fluid connection with a second fluid pathway;

a gasket in the chamber, the gasket having a base disposed adjacent to the first opening,
and a passage through the base surrounding the thin tube, wherein the gasket has a first rim
contacting the wall of the chamber and a second rim contacting the thin tube; and

a latching mechanism to maintain the tube in the gasket.

10.  The medical device of claim 9, wherein the chamber is formed by a cap and a
stem.

11.  The medical device of claim 9, wherein the gasket has a Durometer rating in the
range of about 45 to about 95.

12. The medical device of claim 9, wherein at least one of the rims of the gasket
projects in a radial direction.

13. The medical device of claim 9, wherein the assembled device can withstand a
pressure of at least about 5,000 psi without leaking.

14. The medical device of claim 9, wherein the assembled device can withstand a
pressure of at least about 10,000 psi without leaking.

15. The medical device of claim 9, wherein the assembled device can withstand a
pressure of at least 20,000 psi without leaking.

16.  The medical device of claim 9, wherein each of the components of the device is
sterile.

17. The medical device of claim 9, wherein the fluid is a liquid.

18.  The medical device of claim 17, wherein the liquid is sterile.

19.  The medical device of claim 9, wherein the fluid flows from the high pressure
fluid source to the handpiece through the connection.

20.  The medical device of claim 9, wherein the fluid flowing through the handpiece
forms a fluid jet that is used for at least one of cutting tissue, debriding wounds, lavage,

disinfection, washing of tissue surfaces, and providing driving power to devices.
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21. The medical device of claim 9, wherein each of the handpiece and the high
pressure fluid source carries a portion of the latching mechanism.

22.  The medical device of claim 21, wherein the latching mechanism can be
operated with one hand.

23.  The medical device of claim 9, further comprising a connector housing the
chamber, wherein the handpiece and connector have corresponding keying features and the
thin tube is recessed within the body of the handpiece.

24. A system for quickly changing handpieces attached to a high pressure fluid
source, the system comprising:

at least one handpiece carrying a portion of a latching mechanism and one of a
connecting tube and a chamber having an aperture leading to a gasket;

a high pressure fluid source carrying a complementary portion of a latching mechanism
and the other of a connecting tube and a chamber having an aperture leading to a gasket;

wherein the gasket has an inner rim and an outer rim and the inner and outer rims
engage the connecting tube and the wall of the chamber, respectively, when the connecting
tube is inserted in the chamber and pressure is applied to the chamber.

25. A gasket for use in the system of claim 24, wherein the inner and outer rims
project inwardly and outwardly, respectively, with respect to the base.

26.  The system of claim 24 wherein the handpiece is adapted to be used in a
medical procedure.

27.  Inamedical instrument for performing surgery using a high pressure fluid jet
for cutting, washing, lavage, or to power a rotary device, the improvement comprising a
handpiece that is readily connected and disconnected from a source of high pressure fluid,
wherein the means of connection is formed by:

an inlet tube connected to the handpiece;

a gasket with inner and outer rims projecting inwardly and outwardly, respectively,
with respect to the base;

a chamber for holding the gasket, the chamber connected to the source of high pressure
fluid and having an aperture in alignment with the hole in the gasket, the projections of the
inner and outer rims of the gasket being adapted to seal the joints between the gasket and an

inner wall of the chamber and between the gasket and the inlet tube; and
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wherein the connection may be made by inserting the inlet tube through the aperture in
the chamber and the hole in the gasket, and wherein the connection may be maintained by the
engagement of reversible latching means, the latching means being constructed and arranged to
maintain the tube within the aperture and the gasket until the latching means is released from
engagement,

28. A method for ensuring accurate mating of at least one tube in a handpiece with
a corresponding gasket in a connector, the method comprising:

providing corresponding keying features on the handpiece and the connector, and

providing a sufficient depth of travel of the connector within the handpiece before
contact between the tube and the gasket to ensure angular alignment between the tube and the
gasket.

29. A high-pressure fluid connection in a surgical instrument or system, the
connection comprising:

a chamber containing a high pressure fluid from a fluid source, the chamber having an
inner surface;

a tube communicating with the chamber for conducting the fluid to the surgical
instrument or system, the tube having an outer surface and a central axis ; and

a gasket surrounding the tube and coupling the tube to the chamber to provide a seal
between the inner surface of the chamber and the outer surface of the tube, the gasket
comprising:

a central channel for receiving the tube; and

an annular channel surrounding the central channel, the annular channel being formed
by inner and outer side walls that are disposed at an acute angle with respect to the central axis
of the tube and wherein the inner and outer side walls extend away from one another from a
closed end to an open end.

30.  The high pressure fluid connection of claim 29 wherein the inner side walls of
the annular channel face the central channel and pressure from the fluid source forces the inner
side walls toward the outer surface of the tube. ’

31.  The high pressure fluid connection of claim 29 wherein pressure from the‘ fluid
source forces the outer side walls toward the inner surface of the chamber.

32.  The high pressure fluid connection of claim 29 wherein the open end of the

gasket faces into the interior of said chamber.
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33.  The high pressure fluid connection of claim 29 further comprising a cap having
a central hole in registration with said central channel through which said tube passes, said cap
being affixed to said chamber and covering the closed end of the annular channel of the gasket.
34.  The high pressure fluid connection of claim 29 wherein the central channel of
5  the gasket is formed by a wall that is disposed at an acute angle with respect to the central axis
of the tube and that flares radially outwardly extending from the closed end of the annular
channel to the open end of the annular channel.
35.  The high pressure fluid connection of claim 29 wherein the gasket includes an
outer side wall that flares radially outwardly extending from the closed end of the annular
10 channel to the open end of the annular channel.
36. A method for conducting a surgical procedure requiring the use of a high
pressure fluid jet applied to more than one exchangeable handpiece, the method comprising:
providing a handpiece that is reversibly connectable to a source of high pressure fluid,
wherein the reversible connection is made by the insertion of a tube into a chamber containing
15 a gasket that has an inner rim, an outer rim, and a passage for the tube, wherein the gasket
deforms as a result of the pressure of the fluid sufficiently to block the passage of fluid out of
the chamber except via the tube; and
maintaining the connection between the handpiece and the source of high pressure fluid
by a releasable latch.
20
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