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[57] ABSTRACT

A pinch valve for a flexible conduit is provided. The
pinch valve has an arcuate rigid hook, an arcuate rigid
pincher, and an actuator. The arcuate rigid hook has an
inner surface of a diameter substantially equal to outer
diameter of the flexible conduit, wherein the inner sur-
face receives the conduit. The arcuate rigid pincher has
an outer arcuate surface with a diameter at least as small
as the inner diameter of the flexible conduit, and the
flexible conduit is located between the arcuate hook and
the arcuate rigid pincher. The actuator is coupled to
either the hook or the pincher, and moves the hook
relative to the pincher relative from a first position to
collapse and pinch the flexible conduit therebetween to
a second position where said flexible conduit is not
collapsed and pinched. Preferably, the actuator is spring
loaded so that the conduit is pinched. By providing the
flexible conduit with a thick wall, the actuator may be
actuated a small distance without permitting fluid flow
through the flexible conduit. The pinch valve finds
particular use in an endoscopic suction/irrigation in-
strument.

18 Claims, 18 Drawing Sheets
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PINCH VALVE

BACKGROUND OF THE INVENTION

This invention broadly relates to endoscopic instru-
ments. More particularly, this invention relates to a
multifunction endoscopic instrument including suction,
irrigation and electrocautery means.

Tools having both suction and irrigation features are
well known in the art. Perhaps the earliest combination
tool of this type is shown in U.S. Pat. No. 1,114,268 to
Kells which discloses a “Method For Surgically
Cleansing Wounds And Other Surfaces” where an irri-
gation tube enters a suction tube and the suction tube is
covered with gauze or a swab. Irrigation fluid wets the
gauze or swab and is sucked back by the suction tube.
Rubber hoses may be grasped to control flow. Varia-
tions on this type of device include one shown in U.S.
Pat. No. 3,810,471 to Truhan which discloses a “Surgi-
cal Aspirating Cannula”. This is a combined irrigation-
suction device where the suction tube is located within
and is coaxial with the irrigation tube, and irrigation
fluid is delivered in the annular space between the tubes.
The distal end of the outer irrigation tube is sealed to
the inner suction tube and the irrigation tube is provided
with lateral openings. Even more recently, additional
features have been added to combined suction-irriga-
tion tools. U.S. Pat. No. 4,617,013 to Betz discloses a
“Method and Apparatus For Surgical Irrigation, Aspi-
ration and Illumination” having coaxial fiber optic,
aspiration and irrigation tubes.

Tools combining suction and cautery features are also
well in the art and an early tool of this type is shown in
U.S. Pat. No. 2,888,928 to Seiger which discloses a
“Coagulating Surgical Instrument” where combined
cauterizing and suction is provided by a hollow tube
cautery probe to which a suction tube is attached. The
cauterizing tip is conical with a small opening at the
apex of the cone and several lateral openings spaced
down from the apex. More recent improvements in this
type of tool are shown in U.S. Pat. No. 4,307,720 to
Weber which discloses an “Electrocautery Apparatus
and Method and Means for Cleaning the Same”. This is
a combination cautery-suction device where electrode
and vacuum tubes are arranged parallel to each other in
the same “wand”. The electrode is retractable into the
wand and retraction of the electrode scrapes the surface
of the electrode to clean it. Other variations of this type
of tool include yet other features. U.S. Pat. No.
4,207,874 to Choy discloses a “Laser Tunneling De-
vice” which is a probe for a tube such as a blood vessel.
The probe includes central fiber optics for illumination,
viewing, and laser output surrounded by a coaxial tube
with a switchable valve for aspiration or irrigation.

More recently, suction, irrigation, and cautery have
been combined in the same tool. U.S. Pat. No. 4,886,491
to Parisi et al discloses a “Liposuction Procedure with
Ultrasonic Probe” which includes ultrasonic cautery,
suction and irrigation in the same probe.

While many of the tools of the prior art served a
purpose at the time they were invented, they are gener-
ally inapplicable in today’s modern endoscopic surgical
procedures. An endoscopic procedure typically in-
volves the use of trocars for making one or more small
incisions in the abdomen or chest cavity. Trocar tubes
are then left in place in the abdomen or chest cavity so
that optical tools may be inserted therethrough for
viewing and endoscopic surgical tools may be inserted
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therethrough for operating. A camera or magnifying
lens optical tool is often inserted through the largest
diameter trocar tube (e.g. 10 mm diameter) while a
cutter, dissector, or other surgical instrument is inserted
through a similarly sized or smaller diameter trocar tube
(e.g. 5 mm diameter) for purposes of manipulating and-
/or cutting the internal organ. Sometimes it is desirable
to have several trocar tubes in place at once in order to
receive several surgical instruments. In this manner,
organ or tissue may be grasped with one surgical instru-
ment, and simultaneously may be cut or stitched with
another surgical instrument; all under view of the sur-
geon via the camera in place in another trocar tube.

Those skilled in the art will appreciate that endos-
copy is a rapidly growing field of surgery because it is
less invasive than classical surgery. However, it will
also be appreciated that even with endoscopic surgery
where the incisions are typically small, it is advanta-
geous to limit the number of incisions made. The num-
ber of incisions must be balanced against the desirability
of having several tools inserted and available simulta-
neously to the surgeon. Likewise, while it is possible to
remove endoscopic tools and insert different tools dur-
ing a procedure, it will be appreciated that repeated
insertion and removal of different endoscopic tools
through the trocar tubes is preferably avoided, as it can
be difficult to locate the new tool at a desired location,
and each insertion of a tool increases the risk of unnec-
essary trauma to the surgical site area.

Some attempts have been made to provide multi-
functional endoscopic tools so that the number of inci-
sions may be minimized while at the same time provid-
ing the physician with several tools available simulta-
neously. For example, U.S. Pat. No. 708,136 to Saito
discloses a “Cautery Hemostatic Unit” which is deliver-
able through an endoscope and includes an irrigation
nozzle. Other combination endoscopic tools are known
and generally include combination suction-irrigation
and suctioncautery probes. All of these probes occupy a
trocar tube when in use and no other tools may be in-
serted in the trocar when occupied by one of these
probes. Additional combinational tools and prototypes
recently introduced include tools which have a plural-
ity of different distal end portions which can be at-
tached and removed from a single handle as desired to
accomplish different functions. However, this arrange-
ment requires repeated insertion and removal of the
endoscopic tool through the trocar tube to the surgical
site.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a
multifunction endoscopic instrument which includes
suction and irrigation functions.

It is a further object of the invention to provide a
suction/irrigation endoscopic instrument where a cau-
tery probe is inserted through the fluid chamber of the
instrument.

It is another object of the invention to provide an
endoscopic  suction/irrigation/cautery  instrument
which permits the insertion of an additional endoscopic
tool through the instrument.

It is also an object of the invention to provide a multi-
functional endoscopic instrument having an ergonomic
hand piece whereby suction, irrigation and cautery
functions are easily controlled.
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It is an additional object of the invention to provide
an endoscopic instrument having a progressive suction
control so that the amount of suction is easily adjust-
able.

A further object of the invention is to provide an
endoscopic  suction/irrigation/cautery  instrument
where the cautery is selectable between cutting and
coagulating cautery voltages.

Another object of the invention is to provide a suc-
tion/irrigation endoscopic instrument where a distal
end probe may be provided in a desired rotational posi-
tion by insertion of the probe through the instrument
and rotation thereof while the instrument stays in place.

An additional object of the invention is to provide a
cautery/irrigation safety override mechanism which
prevents the application of cautery during an irrigation
procedure and thereby protects a patient from burns or
shocks resulting from simultaneous irrigation and cau-
tery functions.

Yet another object of the invention is to provide a
multifunction endoscopic instrument which includes
suction, irrigation, and a removable cautery probe
where the cautery probe is lockable in one or more
positions within the instrument.

Even a further object of the invention is to provide
improved non-leak valves for suction/irrigation endo-
scopic instruments.

Another object of the invention to provide a T-ball
valve for irrigation system having two fluid sources,
where the T-ball valve permits the flow of fluid from
either fluid source but automatically prevents backflow
from one source to the other.

A further object of the invention is to provide a num-
ber of different types of probes which can be inserted
into an endoscopic instrument so that suction, irriga-
tion, cautery and selectable other functions are available
to the physician through a single trocar tube.

An additional object of the invention is to provide a
wellbuilt, relatively inexpensive disposable suction/irri-
gation/cautery endoscopic instrument.

Another object of the invention is to provide an im-
proved molded two passage suction/irrigation conduit
with means for carrying a cautery wire therebetween
for the purpose of eliminating cable and conduit tan-
gling.

Another object of the invention is to provide a suc-
tion/irrigation endoscopic instrument having tubing
already attached to the instrument, and tubing connec-
tors for easy attachment to tubing which extends from
suction and irrigation sources.

It is even an additional object of the invention to
provide a suction/irrigation endoscopic instrument
having an outer sleeve providing a soft distal tip having
cleanable side ports.

In accord with the objects of the invention, an endo-
scopic instrument having both suction and irrigation
functions is provided and generally comprises a fluid
chamber, a cannula in fluid communication with the
distal end of a fluid chamber, a slit valve and an elasto-
meric gasket in the proximal end of the fluid chamber,
irrigation and suction conduits communicating with the
fluid chamber between the slit valve and the distal end
of the fluid chamber, and valves for selectively opening
and shutting off the irrigation and suction conduits. The
fluid chamber, slit valve, and the irrigation and suction
conduits are located in a pistol shaped shell, and triggers
are utilized to actuate the valves which open and shut
off the irrigation and suction conduits. Also located
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inside the shell is an electrical circuit with an electrical
contact which contacts a metal portion of the cannula
over which an insulating sleeve is provided and which
supplies a cauterizing voltage thereto. Different cautery
probes are provided. The cautery probes are inserted
through the slit valve in the proximal end of the instru-
ment and each cautery probe includes an uninsulated
portion which is formed to contact the metal cannula
and obtain the cautery voltage therefrom.

There are many preferred aspects of the invention
which provide advantageous features. One preferred
aspect includes means for regulating the amount of
suction through the cannula. The regulating means
includes providing the insulating sliding sleeve which
covers the cannula with a plurality of longitudinally
spaced distal lateral openings, and means for sliding the
insulating sleeve relative to the cannula in order to
incrementally close the off the lateral openings. Several
different mechanisms for causing the sleeve to slide are
provided. Another preferred aspect of the invention is a
safety cautery/irrigation override mechanism. The
overrideé mechanism includes an electrical switch in the
irrigation trigger which overrides the supply of cautery
voltage to the electrical contact so that no cautery is
possible while irrigating. Another safety feature relating
to the cautery procedure is a probe arrangement which
prevents shocks to the physician. The probe arrange-
ment comprises insulation which shields the probe
along its entire length up to the cauterizing distal end
except for a segment which contacts the cannula for
electrical contact.

With the slit valve and elastomeric sealing gasket at
the proximal end of the fluid chamber, fluid is prevented
from exiting the proximal end of the chamber but
probes or other instruments may be inserted there-
through. For example, besides the cautery probes, irri-
gation-hydrodissection, injection- aspiration probes,
and other probes are provided. One probe includes a
tube with lateral holes in communication with the fluid
chamber at the irrigation conduit, and an O-ring on the
probe for contacting the fluid chamber between the
irrigation conduit and suction conduit openings. In this
manner irrigation is directed through the probe which
extends through the cannula, and at the same time,
suction is directed through the cannula and around the
probe. If the distal end of the probe is made very small
in diameter, the probe may be used for hydrodissection.
Many different probes for accomplishing different func-
tions are also provided. All of these probes are inserted
through the slit valve in the proximal end of the instru-
ment. The handles of all of the different probes are
preferably provided with color coded inserts so that the
probe can be identified as to type while it is located
within the suction/irrigation instrument.

Besides the ability to insert probes through the slit
valve, endoscopic and laparoscopic type instruments
with end effectors for grasping, cutting, dissecting,
biopsy sampling, etc. may also be inserted therethrough
and through the fluid chamber. These instruments may
be particularly arranged to include an uninsulated cau-
tery pickup, so that the end effectors can be used for
cautery purposes. With the ability to insert such instru-
ments through the slit valve, surgical methods are pro-
vided which do not require separate incisions and trocar
tubes for suction/irrigation, cautery, and manipulation.

Additional preferred aspects of the invention include:
a pinch valve arrangement for the suction and irrigation
conduits, including a semicircular hook for collapsing
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and pinching the conduit against a semicircular protru-
sion; a pistol shaped shell provided with a rocker thumb
switch which controls the selective application of cut-
ting and coagulating voltages to the electrical cautery
contact; a special molded “spinal cord” tubing having
suction and irrigation conduits which together define a
rib indenture into which a cautery wire is snapped so
that the the suction and irrigation tubes and cautery
wire exiting the suction/irrigation instrument are easily
managed; probes with grooves which interact with a
locking pin provided in the shell so that probes may be
held in an inactive position in the fluid chamber; and a
T-ball valve for regulating the irrigation from two fluid
sources, where the T-ball valve permits the flow of fluid
from either fluid source but automatically prevents
backflow from one source to the other. In addition,
other embodiments of aspects of the invention are pro-
vided, including a fluid chamber with only a single inlet
for suction and irrigation, and a trigger mechanism
utilizing poppet valves in place of pinch valves to con-
trol suction and irrigation.

Additional objects and advantages of the invention
will become apparent to those skilled in the art upon
reference to the detailed description taken in conjunc-
tion with the provided figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a perspective view of the suction/irriga-
tion instrument of the invention showing the fluid and
electrical connections of the instrument with other por-
tions of the invention as well as a cautery probe for
insertion into the instrument.

FIG. 14 is a side view of the instrument of FIG. 1a
with one half of the instrument shell removed.

FIG. 1c is a detail of an indicated portion of FIG. 1a
showing the slit valve and the thumb rocker cautery/-
coagulation switch.

FIGS. 2a, 2b, and 2c are respectively a partially cut-
away side view and side views which show the distal
end of the cannula and the sliding sleeve of the instru-
ment of FIG. 1 in first, second and third relative posi-
tions which respectively represent a regular suction
mode, and first and second ‘‘supersuction” modes re-
spectively.

FIGS. 3a and 3b are details of the preferred pinch
valve of the invention, showing the pinch valve causing
a conduit to be in respectively open and closed posi-
tions.

FIGS. 4a and 4b are respectively a side cross sec-
tional view and a top cross sectional view of a preferred
fluid chamber for the instrument of FIG. 1a.

FIG. 4c is a detailed view of the cautery electrical
contact coupled to the cannula in the fluid chamber of
FIG. 4a and 4.

FIGS. 5z and 5b are cross sectional views of the
preferred fluid chamber of the invention with a probe
partially and fully inserted therein.

FIG. 5c is a cross sectional view of an alternative
probe partially inserted into the fluid chamber of the
invention.

FIG. 5d is a cross-sectional view of a locking mecha-
nism for an alternative embodiment for holding a probe
in first and second positions in the fluid chamber.

FIGS. 6a, 6b, 6c, and 6d are views similar to FIGS.
$a, but showing different kinds of probes for effecting
suction and irrigation in different manners.
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FIGS. 7a and 7b show alternate embodiments of
suction triggers and mechanisms for activating a
“supersuction” mode.

FIG. 8a is a schematic diagram of the electrical cir-
cuit incorporated in and coupled to the instrument of
the invention, including a irrigation/cautery override
mechanism.

FIGS. 8b and 8¢ are schematic diagrams showing
how a portion of the circuit of FIG. 8a is embodied in
the shell of the instrument of the invention.

FIGS. 84-8g show views of a preferred cautery over-
ride switch and circuit board used in the electrical cir-
cuit of FIG. 8a.

FIGS. 85-8k show views of a preferred cut/coagula-
tion cautery switch and circuit board used in the electri-
cal circuit of FIG. 8a.

FIG. 9a is a partially exploded cross-sectional view of
a first cautery probe.

FIG. 9b is an enlarged view of a portion of of the
probe of FIG. 9a.

FIGS. 9¢c-9fshow the distal ends of different types of
cautery probes.

FIG. 9g is a cross-sectional through another embodi-
ment of a probe with a mechanism for permitting the
probe to be extended out of the cannula and to be with-
drawn into the cannula.

FIG. 10q is a schematic views of an endoscopic tool
which can be inserted through the suction/irrigation
instrument of FIG. 1a.

FIGS. 105 and 10c are respectively a side view in
partial cross section, and an enlarged view of the distal
end the endoscopic biopsy forceps tool of FIG. 104
which can inserted through the suction/irrigation in-
strument of FIG. 1a.

FIG. 11a is a cross-sectional view of a preferred
molded tubing having suction and irrigation conduits
which together surround a rib indenture into which a
cautery wire is held.

FIGS. 115 and 11c are side and cross-sectional views
of a connector which mates with the molded tubing of
FIG. 11a on the instrument side, and provides for sepa-
rate suction and irrigation tubes and a loose cautery
wire on a second side.

FIG. 114 is a cross-sectional view of an alternative
molded tubing having suction and irrigation conduits
which together surround a rib indenture into which a
cautery wire is held.

FIG. 11e is a cross-sectional view of a clip for the
tubing of FIG. 11a with the tubing held therein.

FIG. 11fis a view of the clip of FIG. 11e in the direc-
tion of arrow F thereof.

FIGS. 11g and 114 are perspective views of third and
fourth embodiments of the molded tubes having suction
and irrigation conduits and a rib indenture for holding a
cautery wire.

FIGS. 12a-12¢ show details of the T-ball valve for
use in providing irrigation fluids to the instrument of the
invention.

FIGS. 13a and 135 show an alternate embodiment of
the fluid port and valve portion of the invention where
a single suction/irrigation port is in fluid communica-
tion with the fluid chamber, and poppet valves are in
respective first and second positions to respectively
cause suction and irrigation.

FIG. 13c is a view of FIG. 13a looking in the direc-
tion of arrow C thereof.

FIGS. 134 and 13e show a second alternate embodi-
ment of the fluid port and valve portion of the invention
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where poppet valves are used in conjunction with sepa-
rate suction and irrigation ports in fluid communication
with the fluid chamber.

FIGS. 14a and 14b are cross sections of alternate fluid
chambers for use with the fluid port and valve portions
of FIGS. 134 and 134 respectively.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIGS. 1a and 1¢, the endoscopic
electrosurgical suction-irrigation instrument 100 of the
invention is shown having a pistol-shaped shell 102,
suction and irrigation trigger switches 104 and 106,
irrigation/cautery override switch 107, cautery cut/-
coag rocker switch 108, and cannula 112. The instru-
ment 100 is connected to an electrical source 150, a
vacuum source 152 and an irrigation fluid source 154 or
sources 154, 156. A probe 500, such as an electrosurgi-
cal (cautery) probe or the like is shown located outside
of the instrument 100, but intended for insertion by
movement as indicated by arrow “A” into and through
the instrument.

In the preferred embodiment of the invention, within
the pistol shaped shell 102 of the instrument 100 is a
fluid chamber 114 (seen in FIGS. 15, 4q and 4b). The
cannula 112 is held in the chamber 114 and extends
distally there from. The proximal end of the fluid cham-
ber is sealed by a slit-valve 118 or the like as described
hereinafter. Thus, for effecting cautery or other func-
tions hereafter described, the probe 500 is inserted
through the slit valve 118 and into and through the fluid
chamber 114.

With the provided suction-irrigation instrument 100,
suction and irrigation are controlled by trigger switches
104, 106, and cauterization is controlled by thumb
switch 108 or by foot switches (not shown) as hereinaf-
ter described. Irrigation trigger switch 106 is provided
with an electrical safety override 107 switch which
disables the thumb switch 108 when irrigating. The
shell 102 receives a suction vacuum tube 128, an electri-
cal supply wire 129, and an irrigation supply tube 130
via a “spinal cord” molded tubing 160 which is dis-
cussed in detail below with reference to FIGS. 11a-11d.
Two sources of irrigation fluid 154, 156 may be selec-
tively supplied to the instrument 100 by using a T-ball
valve 158 which is also discussed in detail below with
reference to FIGS. 124-12e.

Turning now to FIG. 15, the shell 102 can be seen
with trigger switches 104 for suction and 106 for irriga-
tion and a double action or rocker thumb switch 108 for
electrosurgical cutting and coagulation (also shown in
detail in FIG. 1¢). The distal end of the body 102 is
provided with an appropriately sized metal cannula 112
(typically 5 mm or 10 mm) which is covered by an
insulating sliding sleeve 110 (described in detail below).
The proximal end of the cannula 112 communicates
with the distal end of the fluid chamber 114 which is
housed within the shell 102. The fluid chamber 114
terminates at the proximal end of the shell 102 with a slit
valve 118 and elastomeric sealing gasket 119. The slit
valve 118 and sealing gasket 119 permit probes of differ-
ent types including electrocautery probes which are
discussed in detail below to be inserted into and through
the fluid chamber 114 while still preventing fluid leak-
age out the distal end of the instrument. More particu-
larly, the slit valve 118 prevents leakage when no probe
or tool is inserted therethrough, while the sealing gasket
119 (and to some extent the slit valve) prevents leakage
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when a probe or tool is inserted through the proximal
end of the instrument 100.

As seen in FIG. 15, in communication with the fluid
chamber 114 are the suction conduit or tube 128 (via
suction port 120) and the irrigation conduit or tube 130
(via irrigation port 122). The suction conduit 128 ex-
tends through a pinch valve mechanism 124 and is cou-
pled through a tubing junction connector 134 near the
base of the shell 102 to the suction portion of the spinal
cord tubing 160, and thence to Vacuum supply 152
(FIG. 1a). The suction valve 124 is operated by trigger
switch 104. As discussed below with reference to FIGS.
7a and 7b, the suction trigger switch 104 may be divided
into two switches 104a and 104/104d for controlling
normal suction and “super suction”. The irrigation con-
duit 130 similarly extends through an irrigation valve
mechanism 126 and is coupled through tubing junction
connector 134 to the irrigation portion of the spinal
cord tubing 160, and thence to irrigation supply 154
(156). The irrigation valve is operated by trigger switch
106.

The suction valve 124 and irrigation valve 126 seen in
FIG. 1) are standard type pinch valves, although for
larger (e.g., 10 mm) instruments, different pinch valves
discussed below with reference to FIGS. 3z and 3b are
preferred. The suction valve 124 is arranged with a stem
171, a spring 172, a spring seat 173, a guide 174, and a
valve seat 175. The stem 171 is coupled to the trigger
104 and moves with the trigger. The spring sits in the
trigger 104 and is seated on the spring seat 173 which is
formed in the shell 102 of the instrument 100. Thus, as
the trigger 104 is pressed, the trigger is acting against
the force of the spring 172 which is being compressed
against the spring seat 173. The stem 171 of the suction
valve 124 is preferably formed as a thin rectangular
plastic piece with a large slot (not shown) in the middle
which effectively forms a rear hook. The plastic piece is
set in the guide 174 formed in the shell 102. In FIG. 15,
the suction tube 128 is shown extending through the slot
in the stem 171 with the rear hook pulling, squeezing,
and pinching the tube 128 against the valve seat 175.
Because the suction valve 124 is set forward of the
irrigation valve, there is room for the irrigation tube 130
in the handle of the shell when the stem 171 is forced
backward in guide 124 to open the suction tube 128. In
other words, with the provided arrangement, the suc-
tion valve 124 does not interfere in any manner with the
irrigation tube 130.

The irrigation valve 126 is similarly arranged to the
suction valve, and includes a stem 181, a spring 182, a
spring seat 183, a guide 184, and a valve seat 185. The
stem 181 is coupled to the trigger 106 and moves with
the trigger 106. The spring 182 sits in the trigger 106
and is seated on the spring seat 183 which is formed in
the shell 102 of the instrument. As the trigger 106 is
pressed, the trigger acts against the force of spring 182.
The stem 181 of the irrigation valve 126 is also prefera-
bly formed as a thin rectangular plastic piece with a
large slot (not shown) in the middle for forming a rear
hook. Care is taken to make the slot large enough to
accommodate the suction tube 128 which also extends
through the slot and which must not be pinched when
the irrigation valve 126 is actuated. In FIG. 15, the
irrigation tube 130 is shown with the rear hook of the
stem 181 pinching the tube 130 against the valve seat
185. Pressing of the trigger 106 moves the stem 181
backwards and releases the tube 130 for irrigational
flow.






