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(57) Abstract

A self-contained pulsatile surgical irrigation device includes a handpiece
(20) that contains all the components for pumping and controlling imigation
liquid that is drawn into and emitted from the device. Those components
include a battery (40), an electric motor (42), a linear stroke pump (44) and
a drive mechanism (48) that connects the motor (42) to the pump (44). The
handpiece (20) has a trigger (30) that controls three functions of the device,
including tuming the motor (42) on and off, controlling the drive mechanism
(48) in a manner that varies the effective pumping stroke of the pump (44),
and effecting a shut-off for liquid flow to assure that the device will not leak
when the trigger (30) is released. The construction is such that the device, in
its entirety is of low cost and is readily disposable after a single use.
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PULSED LAVAGE PUMP

FIELD OF THE INVENTION

This invention relates to a pulsed lavage device usable in a surgical environment to

deliver irrigation liquid to a surgical site.

BACKGROUND OF THE INVENTION

It is important during surgical procedures to maintain the operative site clear of
debris and to maintain the site clean and antiseptic. Among the common techniques for
maintaining a clean surgical site is to irrigate the site with an irrigation or antiseptic
solution. Typically, the liquid is supplied from a reservoir through tubing to a dispensing
handle that is manipulated by the surgeon or a surgical assistant. Removal of the
irrigation liquid as well as other fluids may collect at the surgical site is effected by
applying a suction instrument in the region.

A number of irrigation devices have been used and proposed. Generally, they
incorporate an arrangement for developing and delivering the liquid in a pulsatile manner.
The pulsatile flow is high efficient in dislodging debris. The effectiveness of the
pulsating fluid technique is the result of the repeated flexure of tissue and/or repeated
dynamic impact from the pulsations which tend to materially assist in working loose of

dirt particles and other debris. In general, it has been considered desirable to be able to
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control the fluid delivery as to volume, pulsating frequency and impacting force of the
liquid on the tissue, etc. It is desirable to be able to vary the characteristics of the emitted
fluid stream to accommodate specific surgical or wound cleaning requirements. For
example, the nature of the tissue in the surgical site may require a more gentle or a more
forceful liquid flow. Among the systems employed in the prior art include those that are
powered by external energy sources, including electrically and pneumatically driven
pumps. Some systems employ complex controls to vary.

It would be desirable to provide an entirely self-contained powered pulsatile pump
having the ability to vary the flow rate and pressure of the irrigating liquid yet which is
constructed to be of low cost so that the device may be disposed of after a single use. It i
among the general objects of the invention to provide such an improved surgical

irrigation device.

SUMMARY OF THE INVENTION

The invention is used in connection with a source of irrigation liquid such as a
reservoir that may be hung overhead on an 1.V. pole. The device includes tubing that is
connectible directly to the reservoir, as by a spike at the end of the tubing. The other end
of the tubing is connected to a handpiece that is held and controlled by the physician or a
surgical assistant. In accordance with the invention, all of the components for pumping
and controlling the fluid are contained within the handpiece. Those components include .
battery, an electric motor, a linear stroke pump and a drive mechanism that connects the
motor to the pump. The handpiece includes a trigger that, in turn, controls three function
of the device including turning the motor on and off, controlling the drive mechanism in :
manner that varies the effective pumping stroke of the pump and effecting a shut-off for

liquid flow to assure that the device will not leak when the trigger is released. The
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construction, including the control mechanism, is such that the device, in its entirety, is
of low cost and is readily disposable after a single use.

The linear stroke pump may be in the form of a bellows having a fixed end
connected to a valve housing that controls the one-way flow of fluid and a movable
opposite end. The movable end is reciprocated by an eccentric drive mechanism
including a crank and connecting rod. The crank is rotatable about an axis and the
effective length of the bellows stroke is determined by the location of the crank rotational
axis with respect to the bellows. The axis is permitted a limited amount of movement ina
direction perpendicular to the axis and generally parallel to the bellows axis. The extent
of that movement can be varied from zero, at which the axis does not move and a limited
amount in which some movement is permitted. When the axis is maintained in a fixed
position, the full amount of the stroke effected by the crank mechanism is transmitted to
the bellows with a resultant maximum flow output. When the crank axis is permitted
some limited movement, the extent of the effective stroke of the bellows is reduced by an
amount corresponding to the amount of movement permittéd the crank axis. The trigger
controlled mechanism is provided to control the extent to which limited translational
movement of the crank axis is permitted.

It is among the general objects of the invention to provide an improved self-
powered disposable pulsed irrigation device for use in a medical environment.

Another object of the invention is to provide a device of the type described that is
highly efficient yet is of low cost and lends itself to disposable use.

A further object of the invention is to provide a device of the type described that
incorporates a pump mechanism that operates with a linear stroke and in which a simple
trigger-controlled mechanism is provided to control variation in the effective stroke of the

pump and the flow characteristics of the emitted liquid.
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Another object of the invention is to provide a self-contained device of the type
described that is ready to use simply by connecting the tubing directly to the source of

irrigation liquid.
DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and advantages of the invention will be
appreciated more fully from the following further description thereof, with reference to
the accompanying drawings wherein:

FIG. 1 is a schematic illustration of an irrigation system in accordance with the
invention;

FIG. 2 is an illustration of the handpiece with half of the cover removed to
illustrate its interior components;

FIG 3 is an illustration of the handpiece similar to FIG. 2 as seen from the other
side of the handpiece and with the cover on the other side removed,;

FIG. 4 is an exploded view of the components of the handpiece;

FIG. 5A is an exploded view of part of the pump mechanism,;

FIG. 5B is an exploded and partially assembled view of the pump components
illustrated in FIG. 5A; '

FIG. 5C is an illustration of a further stage of assembly of the components of the
pump mechanism as shown in FIGS. SA and 5B;

FIG. 6 is a sectional illustration of the valve housing and valve arrangement by
which unidirectional flow of irrigation liquid is maintained;

FIG. 7A is a diagrammatic illustration of the mechanism for coupling the motor t

the bellows in which the stroke of the bellows is at its minimum;
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FIG. 7B is an illustration similar to FIG. 7A in which the control mechanism is
configured to provide a maximum stroke for the bellows; and
FIG. 8 is a schematic illustration of the manner in which the trigger and housing

cooperate to enable shut-off of flow of irrigation fluid.

DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in FIG. 1, the irrigation system includes a reservoir of irrigation liquid
(e.8., saline), such as one or more bags 10 containing the liquid. The reservoir preferably
is adapted to be suspended overhead, as from an L.V. pole, in order to create a gravity
pressure head that can facilitate flow of liquid through the system. Each irrigation bag 10
has an outlet port 12 adapted to receive a spike adapter 14 on an end of the flexible tubing
to connect the tubing to the irrigation bags 10. Clamps 16 may be provided at various
locations along the tubing to control the flow through the tubihg. In accordance with the
present invention, the device includes a liquid delivery tube 18 that is connectible, at one
end, either directly or indirectly to the irrigation bags 10 and, at the other end, to a
handpiece 20. The handpiece 20 contains the entire pump mechanism, power source and
control system for controlling the outlet flow of irrigation liquid from the handpiece. The
handpiece may be somewhat pistol shaped and has a connector socket 24 at its outlet end
to which the proximal end of a combined irri gation/suction wand 22 may be detachably
connected. The wand 22 also includes a suction tube that is connectible to a suction
conduit that extends through the handpiece 20 and emerges at its lower end, terminating
at a suction tube connection 28 that is connectible to a suction source. The handpiece
includes a trigger 30 that, when squeezed, closes electrical contacts to initia‘e operation of
the motor to drive the pump. The trigger also is coupled to an internal mechnism by

which the output of the pump can be controlled. Progressive squeezing of the tri gger

W
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results in progressively increased flow of irrigation liquid. A trigger lock 32 is provided
to enable the physician to lock the trigger in its fully depressed configuration thereby
maintaining maximum liquid flow without requiring continued squeezing on the trigger.
A lock pin 34 is provided to secure the trigger and internal components in a selected
position to facilitate sterilization and initial operation of the device, as will be described.

FIGS. 2 and 3 illustrate the internal assembly of the components of the handpiece.
The handpiece includes a housing that may be formed from a pair of mateable molded
housing sides 36, 38. The interior surface of the housing sides 36, 38, may be formed
with various internal projections, walls, sockets and the like to capture securely the
internal components as required. The components include a battery pack 40, a D.C.
motor 42, a bellows pump 44 and associated valve housing 46 and a drive mechanism 48
that operatively connects the motor 42 to the bellows pump to effect a linear reciprocating
operation of the bellows. The drive mechanism 48 is constructed to be controlled by a
trigger 30 in a manner that varies the effective pumping stroke of the bellows thereby to
control the output of irrigation liquid. Operation of the trigger also controls the switch
that connects and disconnects the battery and motor. The trigger also is configured so
that when released, the fluid flow line through the handle is pinched closed to preclude
inadvertent leakage of irrigation liquid from the device.

The self-contained battery pack includes a battery case 52 that contains four size
AA batteries sufficient to drive the D.C. motor 42. The battery case, with loaded
batteries, is insertable into a receptive socket 54 (FIG. 4) defined within the lower end of
the handpiece. A flexible latching arrangement may be formed integrally with the
housing tosecure the battery case 52 in place. The latch mechanism may be constructed
to enable the batteries to be removed from the device after the device has been used so
that the batteries can be disposed of separately. Electrical contacts are disnosed in the

handpiece housing and are associated with the batteries and the motor 42 to effect
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electrical connection between the two. That connection normally is open and is closed
when the trigger 50 is depressed.

The motor 42 is a D.C. motor and is preferably selected so that it can be operated
to effectively operate the pump mechanism being powered by four AA batteries. The
motor 42 includes an output shaft 58 that carries a pinion gear 60. When the motor is
operated, the pinion gear drives the drive mechanism, as described in further detail below.

The pump itself incorporates a linear reciprocating stroke and preferably is in the
form of a flexible bellows 62. One end of the bellows 62 is securely attached to a port 64
(see FIGS. 6A, 6B and 7) of the valve housing 46. The bellows 62 may be formed from
any of a variety of materials including a variety of flexible polymers. The other end of
the bellows is movable and is attached to a reciprocating yoke assembly 66 that forms
part of the drive mechanism. As will be described in further detail, the movement of the
yoke assembly 66 can be controlled to vary the effective stroke imparted to the bellows.
The valve housing also includes an inlet port 68 and an outlet port 70, each of which is
provided with an umbrella valve, 72, 74, respectively. The inlet port 68 is connected to
the flexible internal tube 69, shown schematically in FIG. 8 that connects to the liquid
delivery tube 18. The inlet umbrella valve 72 enables liquid to flow from the reservoir
through the tubing 18, 69 and through the inlet umbrella valve 72 into the valve chamber
76. Liquid can flow out of the valve chamber 76 through the outlet umbrella valve 74.
As the bellows 62 is reciprocated, the expansion portion of its stroke will cause irrigation
liquid to be drawn through the liquid delivery tube 18, the inlet umbrella valve 72 and
into the valve chamber 76. When the stroke of the bellows reverses, in a pumping
direction, fluid contained within the valve chamber 76 will be ejected through the outlet
port 70, past the umbrella valve 74. Continued reciprocation of the bellows will cause
repeated pulsating flow through the system and out of the irrigation lire of the

irrigation/suction wand 22. From the foregoing it will be appreciated that the volume and



WO 96/25188 PCT/US96/01285

pressure of liquid that is emitted during each pulsing cycle are dependent on the length of
stroke effected by the bellows 62.

The length of the bellows stroke is controlled by the drive mechanism that, in turn
is controlled by the extent to which the trigger is depressed. The yoke assembly 66
includes a pair of parallel connecting arms 78, the end of each terminating in an integral
ring 80. The other end of yoke assembly 66 defines a bight 82 formed to define a
connector attachable to a button 84 formed integrally with the free end of the bellows 62.
The rings 80 on the free ends of the connecting arms 78 are rotatably attached to a
corresponding pair of circular bosses 86 formed integrally with and on opposite sides of :
circular face gear 88. The face gear is mounted on a transverse shaft 90. The shaft
extends through the center of the face gear 88, with the bosses 86 being disposed
eccentrically to the transverse shaft axis.The face gear 88 and eccentrically disposed
bosses 86 define a crank mechanism. The face gear 88 includes a transversely facing rin
of gear teeth 92 that engage and mesh with the teeth on the pinion gear 60 on the motor
output shaft 58. The ends of the shaft 90 are rotatably retained in receptive members
formed on the inner face of each of the housing halves as described in further detail
below. From the foregoing, it will be appreciated that when the motor is driven, the
pinion gear 60 drives the face gear 88 and crank mechanism which, in turn, causes the
bellows to reciprocate along the bellows axis under the influence of the eccentric crank
connection between the yoke assembly 66 and face gear 88.

In accordance with one aspect of the invention, the shaft 90 is supported in a
manner that allows the shaft 90 to have limited freedom of motion in a direction
perpendicular to the shaft axis and generally parallel to the axis of the bellows 62. Thus,
the ends of the shaft are contained in slots 89 defined by a pair of parallel rails 91 formed
on the inner face of each of the housing halves. The ends of the shaft are contained to

enable the shaft to move generally parallel to the axis of the bellows 62. The ends of the
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rails may be enclosed to define somewhat of an oval-shaped entrapment for the ends of
the shaft. The extent of such shaft movement is governed by the extent to which the
trigger is depressed. The extent to which the shaft is permitted to move can vary from no
movement up to a predetermined maximum range of movement. When the shaft is
retained in its fixed, no movement position, the full amount of the stroke of the yoke
assembly 66 will be transmitted to the bellows 62 and, consequently, will effect the
maximum amount of pumping permitted by the system. Conversely, when the transverse
shaft 90 is released to permit it to move parallel to the bellows axis, the shaft will oscillate
within the permitted range of movement. To the extent that the shaft oscillates, that
portion of the stroke is not transmitted to the bellows, thus reducing the effective stroke of
the bellows with a consequent reduction in flow output.

The extent to which the shaft 90 is permitted to have limited freedom of movement
is governed by a control member 94 illustrated best in FIGS. 5A-5C, 7A and 7B. The
control member 94 may be molded in an appropri.ate plastic and include a pair of pivot
arms 96 having pivots 98 formed integrally at one end. The control member 94 preferably
is rigidified by a pair of integral cross members 93, 95. The cross member 95 also is
configured to include a lug adaptad to be engaged by a portion of the trigger so that when
the trigger is squeezed, the control member 94 will pivot in a direction that will
progressively restrict the freedom of translational movement permitted the shaft. The
other ends of the pivot arms 96 include an integrally formed control plate 100, the control
plates 100 being disposed to embrace the face gear 88 and along a plane essentially
perpendicular to the axis of the shaft 90. Each of the control plates 100 is formed to
include an elongated slot 102. The lengthwise dimension of each slot extends generally
perpendicular to the direction that the guide rails permit translational movement of the
shaft 90. The width of each siot 92 diverges from its narrowest =nd to a wider end. The
slots 102 are arranged so that the ends of the shaft can protrude through the slots. Thus,
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the guide rails permit movement of the shaft in a direction generally parallel to the
bellows axis and perpendicular to the lengthwise dimension of the slots 102. The extent
to which such shaft movement is permitted is controlled by the position of the control
slots 102 with respect to the shaft. When the control member 94 is pivoted to capture the
shaft in its most narrow end, then the cooperation of the slot 102 and guide rails will
maintain the shaft in a fixed position so that the full extent of the reciprocating stroke of
the drive mechanism can be transmitted fully to the bellows. That configuration is
achieved when the trigger is fully depressed. Conversely, when the trigger is released,
the control member 94 is permitted to move to contain the shaft within a wider portion o
the control slot 102. In that wider portion, the shaft can oscillate and, to the extent the
shaft oscillates, the stroke imparted to the bellows is reduced. FIGS. 7 and 7A illustrate
diagrammatically the manner in which the permitted oscillation of the shaft 90 effects th
stroke of the bellows. In FIG. 7B the control slot 102 is oriented to capture the shaft 90
and prevent it from oscillatory movement with respect to the housing. Consequently, the
face gear is constrained to rotate about a fixed axis and the full extent of the stroke will t
transmitted to the bellows, as indicated in phantom. In FIG.7A the control slot 102 is
disposed with its widest end in alignment with the shaft 90, thereby permitting a range o
freedom of movement. as indicated at A. In this configuration, the amount of the stroke
imparted to the bellows is reduced by the dimension A and, as indicated in phantom, the
effective stroke of the bellows is reduced. Consequently, the flow rate and output of the
device similarly is reduced.

The trigger 30 is mounted for pivotal movement within the housing by engageme
of a transverse slot 104 formed in the lower end of the trigger 30 that engages a transver
rib 106 (FIG. 4) formed on the inner surface of the lower frort wall 108 of the handbiecc
The trigger is biased normally in an outward configuration, in which the lower portion o

the trigger is urged toward the lower front wall 108 of the handpiece. The upper portior
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of the trigger which is graspable by the operator protrudes through an opening defined in
the mid to upper region of the front wall. The triggers is biased in this configuration by a
leaf spring 112 captured in the lower portion of the housing and bearing against the lower
portion of the trigger above the hinge 104. The trigger is connected to the movable end of
the control member 94 by an articulated connection between an upstanding inner wall 114
on the trigger and a connecting lug 116 that extends from the freely movable portion of
the control member 94. The connecting lug 118 and inner wall 114 are pinned together
by a pin and slot connection, including a slot 116 formed in the upstanding wall 114,
Thus, when the trigger is squeezed, the articulated connection between the wall 114 and
the connecting lug 118 will cause the above-described movement of the control member
to control the freedom of movement permitted the transverse crank shaft 90.

An additional function served by the trigger 30 includes an arrangement for
pinching off the flexible tubing 69 that communicates the inlet port 68 of the valve
housing with the inlet tube fitting at the bottom end of the handpiece. The internal tubing
configuration in its relation to the trigger and housing is illustrated diagrammatically in
FIG. 8. The trigger includes a surface defining an opening 120 (FIG. 2) through which
the tubing (not shown in FIG. 2) can pass. The opening 120 is defined by a forwardly
facing edge 122 that faces and opposes a rearwardly facing edge 124 formed on the lower
front wall 108 (see also FIG. 4). When the trigger is released, the leaf spring 112 urges
the trigger forwardly to cause the flexible internal tube to become pinched between the
edges 122, 124. The internal tube is sufficiently flexible in relation to the force
developed by the leaf spring 112 so that flow through the internal tube is effectively
precluded when the trigger 30 is released. The pinching force should be sufficient to
preclude leakage of irrigation liquid through the system un-er the influence of gravity
resulting from the head developed by the overhead reservoi-. Among the advantages of

this arrangement for pinching off the flow through the intermediate conduit is that it
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relieves the umbrella check valves 72, 74 from having to resist such leaking flow
themselves. By transferring all of the shut-off control to the pinching effected by the
trigger, it is possible to use umbrella valves 72, 74 that have a very low, almost neglible
cracking pressure (the pressure necessary to initiate opening of the valve). Thus, when
the device is operating the relatively low flow impedance presented by the valves 72, 74
enhances the ability of the device to develop increased flow. Additionally, it enables the
use of relatively low cost valving elements.

It may be desirable, in order to reduce fatigue, for the user to lock the trigger in a
depressed configuration in order to obtain high flow rates over an extended period of
time. To that end, an arrangement is provided for locking the trigger in that depressed
configuration. In the illustrative embodiment, the device includes a transverse locking
pin 126 having several circular flanges 128. The pin 126 protrudes through an opening
130 formed in a boss integral with the left side of the handpiece. The pin is biased
outwardly by a compression spring at 132. When in a normal relaxed configuration, the
spring 132 biases the lock pin 126 outwardly in a disengaged position. When it is desire
to lock the trigger in a depressed configuration, the trigger is depressed and the pin is the
urged inwardly. The ridges 128 of the pin are aligned with a somewhat hooked edge 13-
of the upstanding inner wall 114. With the trigger depressed and the locking pin urged
inwardly, the trigger then is released to capture the hooked edge 134 between the ridges
128. The trigger then will remain locked in its depressed configuration. Release of the
trigger is effected simply by again squeezing on the trigger to free the hooked edge 134
from engagement with the ridges 128 on the pin 126. The compression spring 132 then
returns the pin to its relaxed configuration, the trigger having been freed.

A further aspect of the invention is illustrated diagrammatically in FIG. 8 in whi
a second locking arrangement is provided to lock the trigger in a desired relative open

configuration as is desirable during initial sterilization as well as to maintain the inner
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tube open and unkinked during shipment and storage. To that end, a lock pin 136 is
provided. The lock pin is inserted through the device through holes formed in the
housing sides. The lock pin is aligned with the electrical contents (schematically in FIG.
8) to maintain the contacts apart when the pin is in place. An aperture is formed in the
trigger so that it is alignable for the locking pin when the trigger is in an open
configuration. Thus, although the electrical contacts would normally be maintained
closed, the locking pin, which is formed from a non-conductive material (e.g., plastic)
will not cause inadvertent operation of the motor and depletion of the batteries.
Simultaneously the flow passage through the internal fluid tube is maintained open so as
to avoid kinks during prolonged storage periods and also to assure that during
sterilization, the sterilizing medium will contact fully the internal surfaces of the tube.

The arrangement for disabling the electrical contacts while maintaining the trigger
30 in a depressed configuration may be appreciated from a consideration of FIGS. L3
and 4. The arrangement includes a plastic, non-conductive locking pin that is passed
through a hole in the left side of the housing. The hole is oriented so that the pin will pass
between a pair of electrical contacts 138 that normally are closed by the depression of the
trigger. The trigger includes a slot 140 (FIGS. 3 and 4) through which the pin can
protrude. The pin, although not shown in FIG. 3 emerges along the phantom line 142.
Thus, the.locking pin enables the device to be configured with the trigger 30 depressed to
maintain the internal tube (not shown in FIGS. 3 or 4 for clarity) in an open configuration
during sterilization, shipping and storage but while maintaining contacts that would
normally be closed, in an open configuration.

From the foregoing it will be appreciated that the invention provides an improved
pulsating irrigation device for use in surgical and other medical environments where
pulsed lavage is desirable. The system is extremely simple in operation and set up,

requiring only a simple plug-in connection to the irrigation liquid reservoir and

13
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connection of the section port to the suction source, if desired. All of the components,
including the battery source are self-contained within the handpiece. A simplified, purely
mechanical arrangement enables control of the output of the pump thereby avoiding
more complex and more expensive arrangements that have been proposed and used in the
prior art.

It should be understood, however, that the foregoing description of the invention is
intended merely to be illustrative thereof and that other embodiments and modifications
may be apparent to those skilled in the art without departing from its spirit.

Having thus described the invention what we desire to claim and secure by Letters

Patent is

14
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CLAIMS

1. A self-contained disposable pulsatile surgical irrigation device comprising:

a housing;

a trigger movably mounted to the housing;

a motor contained within the housing;

a battery contained in the housing for driving the motor, the battery being
connectible to the motor by electrical contacts connectible by actuation of the tri gger;

a linear fluid pump contained within the housing;

a one-way valve system operatively associated with the linear pump to
effect one-way fluid flow in response to operation of the pump;

a mechanical drive train coupling the motor and the pump, the drive train
being so constructed and arranged to enable the stroke of the linear pump to be varied,
thereby varying the output flow from the device; |

the trigger being operatively connected to the drive train to effect said

variation in stroke.

2. A device as defined in claim 1 wherein the linear pump comprises a
bellows.
3. A device as defined in claim 1 wherein the drive train includes an

eccenctric crank mounted on a shaft;

the shaft being mounted within the housin g for limited translational
movement along a direction perpendicular to the axis of rotation of the shaft and along a
direction that is generally along the axis of the bellows, whereby the amount of the

bellows stroke is decreased by the amount of movement permitted by the shaft.

15
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4. A device as defined in claim 3 further comprising:
a control member coupled to the trigger and being responsive to the positic
of the trigger to vary the extent to which the shaft is permitted said translational

movement.

16
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