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An irrigation system and
method for providing fluid from a
source of irrigating fluid to a sur-
gical site, in particular a surgical
site access to which is provided
by a small incision or a natural
orifice of the body. The irriga-
tion system (8) includes a control
unit (20) that is used with a cas-
sette (30). The control unit (20)
includes a motor (39) under the
control of a controller (38), a sen-
sor (25) for sensing the flow of
fluid in the cassette (30), a sen-
sor (25) for sensing pressure in
the cassette (30), and a user con-
trol panel (42). The cassette (30)
includes a fluid flow passageway
(64) having an inlet (28) con-
nected to the source (18) of ir-
rigating fluid and an outlet (34)
for providing fluid to the surgi-
cal site. A pump located in the
cassette is driven by the motor.
The pump has limited efficiency
when presented with back pres-
sure to thereby limit to safe level
an amount of pressure that can be
delivered to the surgical site. The
system may be used to irrigate or
distend a surgical site.
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IRRIGATION SYSTEM
FOR A SURGICAL SITE

BACKGROUND OF THE INVENTION
The present invention relates to a system for
providing fluid to a body site and in particular the

present invention relates to an irrigation/distension
system and method for providing an irrigation fluid, such
as saline, to a surgical site or organ that is accessed
through a relatively small incision, natural orifice of
the body, or in conjunction with a laparoscope,
endoscope, resectoscope or similar device.

Certain surgical procedures, such as
urological, gynecological, and laparoscopic surgeries,
are performed inside the body either through an apparatus
or a very small incision or through a small natural
orifice of the body. An advantage of performing surgery
in these ways is that it is less traumatic to the patient
and allows quicker recovery, compared to conventional
open surgery. When performing these types of surgeries,
because the site of the surgical activity is inside the
body, the surgical area must be observed remotely, such
as by means of an optical fiber scope connected to an
eyepiece or via a video monitor.

One difficulty with performing any surgical
procedure is that blood or tissue may obstruct the
surgical area. Even with conventional surgeries
performed through a relatively large, open incision, it
is routine to flush the surgical area with sterile water
to clear the area to facilitate obServation and to enable
the physician to proceed. The usual procedure for
providing irrigation for flushing of surgical sites
consists of providing several plastic bags, e.g. two
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liter bags, containing sterile water, hanging the bags on
an IV pole, connecting tubing to the bags, and letting
the fluid flow to the surgical site by adjusting clamps
on the tubing. Pressure for driving the fluid to the
surgical site is provided by the difference in elevation
between the surgical site and the water bags.

Blood or cut tissue can be especially a problem
for surgeries performed through small incisions or
natural orifices of the body. With surgeries performed
this way, blood or cut tissue can obscure the viewing
device used to observe the surgical area. Accordingly,
it is essential to clear the surgical area to remove
blood or cut tissue so that the surgical site can be
clearly observed in order that the surgery can proceed.

For surgery performed through a small incision
or natural orifice, sterile water may also be used to
clear and/or distend the surgical site. However, certain
additional considerations pertain when fluid is delivered
to a surgery that is performed through a small incision
or natural orifice. For example, it is important to be
sure that too much pressure does not build up inside the
body. Also, it may be important to know how much fluid
has been delivered to the surgical site to be sure that
fluid has not been accumulating inside the body.

The usual procedure for delivering irrigating
fluid to a surgical site provides results that are less
than ideal. For example, there is little control of the
pressure applied to the surgical site. Also, the
pressure that is available may be less than desired.
Further, it can be difficult for medical personnel to
1lift the water bags to a sufficient height to hang them
on the IV pole. Also, recording the amount of water used
must be done manually. _

There are water pump systems available to aid
in this process. However, certain types of pumps used in
these systems, such as positive displacement pumps, may

have a potential disadvantage since pressure control
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failure could result in damage to the internal organs of
the patient. Accordingly, systems that use these types
of pumps may also provide safeguards that add to the
complexity and expense of these systems.

Accordingly, there is a need for an irrigation
system that is inexpensive to produce and use, that
provides the physician with important information
regarding the delivery of controlled amounts of
irrigation fluid, and which is safe so that the pressure
generated is not harmful to the patient.

SUMMARY OF THE INVENTION

To address the above concerns, an irrigation

system has been invented that can provide a controlled
delivery of irrigating fluid such as water to clear
and/or distend a surgical area. The system is
particularly directed for use with surgeries, such as
urological, gynecological and laparoscopic surgeries, in
which the surgical area is located within the body in an
area accessed via a small incision or a natural orifice.
The irrigation system includes a control unit that is
used with a cassette. The control unit includes a motor
under the control of a controller, a sensor for sensing
the flow of fluid in the cassette, a sensor for sensing
pressure in the cassette, and a user control panel. The
cassette includes a fluid flow passageway having an inlet
connected to the source of irrigating fluid and an outlet
for providing fluid to the surgical site. A pump located
in the cassette is driven by the motor. The pump
preferably has limited efficiency when presented with
back pressure to thereby limit to a safe level an amount
of pressure that can be delivered to the surgical site.
The irrigation system can deliver fluid for flushing a
surgical site or for distending a body cavity.



- WO 95/23627 PCT/US95/02631

10

15

20

25

30

35

-4-

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view of an irrigation

system according to a first preferred embodiment of the
present invention.

FIG. 2 is a perspective exploded view of the
control unit and cassette depicted in the embodiment of
FIG. 1.

FIG. 3 is a perspective view of the front half
of the cassette depicted in FIG. 2.

FIG. 4 is a sectional view of taken along lines
4-4' of FIG. 3.

FIG. 5 is a plan view of the rear half of the
cassette depicted in FIG. 2.

FIG. 6 is a sectional view taken along lines
6-6' of FIG. 5 shown in exploded view with part of the
control unit of FIG. 1.

FIG. 7 is a sectional view taken along lines
7-7' of FIG. 5 shown in exploded view with part of the
control unit of FIG. 1.

FIG. 8 is a sectional view taken along lines
8-8' of FIG. 5 shown in exploded view with part of the
control unit of FIG. 1.

FIG. 9 is a perspective view of the impeller
depicted in FIG. 2.

FIG. 10 is a perspective view of the flow meter
paddle wheel depicted in FIG. 2.

FIG. 11 is a plan view of the fluid detection
sensor shown in FIG. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1 there is shown a first

preferred embodiment of the present invention. The
embodiment shown in FIG. 1 is an irrigation system 8 that
is used to provide an irrigating liquid, such as sterile
water or saline, to a surgical site, and in particular to
a surgical site, access to which is provided through a

small surgical incision or natural orifice.
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Transurethral, gynecological and laparoscopic surgeries
are examples of these type of surgeries.

The irrigation system 8 includes a cart 10
having wheels 12 and shelves 14 and 15. A pole 16
connects to the cart 10 and is used to suspend one or
more bags 18 of an irrigation liquid, such two liter bags
of sterile water or saline. A control unit 20 is located
on one of the shelves 15. The additional shelves 14 may
be used for storage of additional bags of fluid or other
equipment. Each of the bags 18 connects to a manifold 21
via individual sections 22 of tubing. The manifold 21
includes a plurality of input ports corresponding to the
number of bags 18 that can be used. The manifold 21 also
includes an output port that connects via a tubing 23 to
a reservoir 24. The tubing 23 leading to the reservoir
24 passes through a water detection sensor 25 which is
connected to the control unit 20 to provide an output
indicating whether the bags 18 have emptied, as explained
below. 1In a preferred embodiment, the reservoir 24 is
temperature-controlled to bring the fluid from the bags
18 to a desired temperature prior to use. The reservoir
24 also acts as a buffer to maintain fluid during change-
over of the bags.

The fluid output from the reservoir 24 is
attached via tubing 26 to an inlet 28 of a cassette 30.
The cassette 30 is mounted on the control unit 20.
Another section of tubing 32 connects to an outlet 34 of
the cassette 30. The tubing 32 conveys irrigating fluid
from the cassette 30 to the surgical site (not shown).
The tubing 32 may be inserted directly into the surgical
site, or alternatively, the tubing may connect to a
surgical instrument that is used to provide access to the
surgical site, such as a resectoscope (not shown). The
cart 10 allows the fluid source 18, the control unit 20,
and the cassette 30 to be located in a surgical operating
room out of the way of the medical personnel yet
conveniently close at hand so that the flow and pressure
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of the irrigating fluid to the patient can be readily
controlled and monitored.

Referring to FIG. 2, there is an exploded view
of the control unit 20 and cassette 30. The control unit
20 includes a housing 36 inside of which are located a
controller 38 and a pump motor 39. User controls and
displays 42 are located on a front panel 44 of the
control unit housing 36. The user input controls and
displays 42 provide for adjusting the flow and pressure
of the irrigating fluid delivered to the surgical site.
Also, the user input controls 42 may provide for
establishing maximum or minimum limits for pressure
and/or flow, or alternatively, limits may be pre-
established and stored in a memory of the controller 38.
The user control panel 42 may also provide a display 43
for indicating the total quantity of fluid provided
during a surgical procedure, the pressure of the fluid
being delivered, a graphical representation of the fluid
pressure, etc.

The controller 38 is connected to the user
input controls 42 and to the motor 39 in order that the
motor 39 can be operated in accordance with the desired
input from the user, as explained below. The pump motor
39 is a brushless, DC 1/16 horsepower rotary motor that
is operated and controlled in speed by the controller 38.
The controller 38 preferably includes two microprocessors
and suitable memory for operation of the system and
motor. In a preferred embodiment, the microprocessors
may be conventional microprocessors, such as a model
PIC16C57 for control of the motor and an 8031 for system
control, however other models of microprocessors could
also be used.

The front panel 44 of the control unit housing
36 also includes an area 46 for mounting the cassette 30.
Extending through the front panel 44 in this area 46 is
an output shaft 48 of the motor 39. Connection between
the motor 39 and the cassette 30 is by a slotted or
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ribbed portion 50 of the output shaft 48. Also located
in this area 46 are first and second sensors 52 and 54,
for sensing flow rate and pressure, respectively, of the
fluid in the cassette 30. The sensors 52 and 54 are
connected to the controller 38. The output shaft 48 of
the motor 39 and the first and second sensors 52 and 54
cooperate with the cassette 30 through apertures 56, 57,
and 58 in the front panel 44 of the control unit 20.

As mentioned above, the cassette 30 mounts in
the control unit 20 and specifically in the area 46 in
the front panel 44. The cassette 30 includes a housing
59 composed of front and rear halves 60 and 62 that are
bonded together by a suitable adhesive or other suitable
means such as welding and so on. In a preferred
embodiment, the cassette housing 59 is made of a suitable
plastic material, such as polypropelene, although other
materials may also be acceptable. The housing 59 has a
length of approximately 6 inches, a height of
approximately 3.125 inches, and a thickness of
approximately 1 inch.

These front and rear halves 60 and 62 of the
cassette housing 59 define an internal cavity or flow
passage way 64 between the inlet 28 and the outlet 34.
The flow passage way 64 includes several segments. As
mentioned above, the inlet 28 connects to the source of
sterile water 18. Referring to FIG. 4, the flow passage
way 64 includes a first or inlet segment 66 which extends
from the inlet 28 to a circular shaped segment 68. 1In a
preferred embodiment, the first segment 66 is formed of
three arcuate shaped flow passages that extend through
the front half 60 of the cassette housing 59.

An impeller 70 is located in the circular
shaped segment 68 of the fluid passage way 64. Extending
from the circular shaped segment 68 is a linear segment
72. Located along the linear segment 72 is another,
smaller circular segment 74 that houses a flow meter
paddle wheel 76. Located further downstream along the
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linear segment 72 is a pressure sensing area 78. The
linear segment 72 terminates at the outlet 34.

The impeller 70 is mounted in the cassette
housing 59 so that it can be driven by the output shaft
48 of the motor 39. Accordingly, the impeller 70 has a
shape that engages or mates with the motor output shaft
50. Referring to FIG. 9, the impeller 70 preferably
includes a base 80 that mates or engages with the output
shaft 50 of the motor 39. Also, as shown in FIG. 9, the
impeller 70 includes from 2 to 6 or more blades. 1In a
preferred embodiment, the impeller 70 is made of a
suitably durable material such as Teflon® or
polypropelene.

Referring again to FIG. 2, an O-ring 82 or
other suitable means are provided around the base 80 of
the impeller 70 to provide a fluid tight seal between the
impeller 70 and the housing 59 while allowing the
impeller 70 to be rotatably driven by the motor 39. The
impeller 70 rotates in the housing 59 so that it causes
the fluid that enters the passage way 64 at the inlet 28
to be driven in the direction of the arrow 84 toward the
outlet 34.

The first sensor 52, which is used to measure
flow, is located so that it corresponds to the location
of the flow meter paddle wheel 76. Flow of fluid through
the passage way 64 causes the paddle wheel 76 to rotate.
Rotation of the paddle wheel 76 is observed optically by
the first sensor 52 that provides an output to the
controller 38. A conversion routine in the controller
calculates the flow rate based upon the rotational rate
of the paddle wheel. Referring to FIG. 10, the paddle
wheel 76 includes six blades and is made of a suitable
material such as polypropelene.

Referring again to FIG. 2, in a preferred
embodiment, the first sensor 52 is an infrared optic
sensor. The infrared optic sensor 52 is located
immediately adjacent to the paddle wheel 76 and detects
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the rotation of the paddles in order to determine the
flow rate of the water being supplied to the patient. 1In
order to facilitate optical observation of the paddle
wheel movement, it is preferred that one side of the
paddle wheel 76 is mirrored (or alternatively blackened),
in order to provide as much contrast as possible. Also,
in order to enable the first sensor 52 in the control
unit 20 to observe the movement of the paddle wheel 76
located in the cassette 30, it is preferable that the
wall of the cassette adjacent the paddle wheel 76 is
translucent or transparent. In a preferred embodiment,
the entire cassette housing 59 is transparent. Although
it is preferred that the first sensor 52 is an optical
sensor, other types of sensors could also be used, such
as Hall effect type sensors.

As mentioned, located in the passage way 64
downstream of the paddle wheel 72 is a pressure sensing
area 78. The second sensor 54, which is used to measure
pressure, is located so that it corresponds to the
location of the pressure sensing area 78. A portion of
the wall of the housing 59 in the pressure sensing area
78 is formed of a flexible membrane 88. In a preferred
embodiment, the flexible membrane is made of silicon
rubber. In a preferred embodiment, the flexible membrane
88 located across an aperture 90 through a wall of the
cassette housing 59. The flexible membrane 88 is
directly adjacent the second sensor 54 which in a
preferred embodiment is a pressure transducer. The
aperture 90 is approximately 3/4 inch in diameter and the
flexible membrane 88 is bonded to the rear half 62 of the
cassette housing 59 by a press-fit, an adhesive or other
suitable bonding method. The aperture 90 is located
along a lower portion of the wall defining the passageway
72 (when mounted) to reduce the effect of entrained air
bubbles on the pressure sensing. To further reduce the
effect of any air bubbles, when the cassette 30 is
mounted in the control unit 20, the linear segment 72 is
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inclined slightly from the horizontal. For example, in a
present embodiment the linear segment 72 is inclined by
approximately 1 degree so that the outlet 34 of linear
segment 72 is slightly higher than its upstream end at
the segment 68. This inclination facilitates removal of
air bubbles that might be entrained in the fluid and
which might affect the pressure sensing measurement.

As shown in the exploded sectional view of
FIG. 8, the flexible membrane 88 is mounted over a bored
out section 92 of the housing half 62. The bored out
section 92 is sized to receive the pressure sensor 54
which extends slightly out from the surface of the area
46 of the control unit front panel 44. Therefore, when
the cassette 30 is mounted in the area 46 of the control
unit 30, the membrane 88 is stretched tight against the
pressure sensor 54 to ensure that pressure in the passage
way 64 readily passes across the membrane 88 and is
sensed by the sensor 54. The pressure of the fluid in
the pressure sensing area 78 of the flow passage 64
causes a force to bear on the pressure transducer 54
directly through the flexible membrane 88. The pressure
transducer 54 provides an output to the controller 38.
As in the case of the flow sensor 52, an appropriate
conversion routine in the controller calculates the
pressure based upon the output of the transducer 54.

After fluid has passed the pressure sensing
area 78, it exits the cassette 30 via the outlet 34. The
fluid is then conveyed by tubing 32 to the surgical site.

Referring again to FIG. 1, the fluid detection
sensor 25 provides an output that indicates whether the
bags 18 have emptied. The fluid detection sensor 25 is
located in the fluid path between the bags 18 and the
reservoir 24, and preferably at the tubing 23 connecting
the manifold 21 to the reservoir 24. In a preferred
embodiment, the fluid detection sensor 25 is‘designed so
that it avoids direct contact with the fluid to avoid
possible contamination. In a preferred embodiment, the
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fluid detection sensor 25 utilizes capacitive sensing to
determine the presence of fluid in the tubing 23. The
tubing 23 passes through a slot 98 between two conductive
plates 100 and 102. The plates 100 and 102 are spaced
from each other forming a capacitor with the tubing 23
forming part of the dielectric material between them.
Additional insulative material 104 may be also located
between the plates 100 and 102. Coaxial cabling connects
to the two plates and an AC current (e.g. 100 K) is
applied across them. Because the dielectric constant of
a fluid, such as water, is significantly greater than
that of air, an output signal taken off the capacitor
plates provides a clear indication when fluid is no
longer located in the tubing 23 and air occupies the
tubing instead. The AC signal for driving the capacitors
is provided by the control unit 20 and the output of the
capacitors is also sent to control unit 20 so that the
fluid detection sensor information can be conveyed to the
medical personnel.

In a preferred embodiment, the fluid detection
information is conveyed to the medical personnel via a
secondary display 110. The secondary display 110 is
connected to the control unit 20 and is located in a
conspicuous location such as at an end of the pole 16.
The secondary display 110 includes an empty bag warning
indicator 112. The empty bag indicator 112 may be a
blinking light or an audible alarm. The secondary
display 110 may additionally include some of the same
information included on the display 43, such as the
pressure of delivered fluid, the volume of fluid already
delivered, and the elapsed time of the procedure.

As also mentioned above, the reservoir 24 is
temperature-controlled. Again referring to FIG. 1, the
reservoir 24 is located between a pair of heat conductive
plates 122 and 124. A heating element connects to the
plates 122 and 124 to provide heat to the fluid passing
through the reservoir 24. 1In a preferred embodiment, the
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heating element consists of one or more power resistors
driven by a low voltage (e.g. 24v DC) signal. The power
resistors and conductive plates raise the temperature of
the fluid so that it is approximately at the body
temperature of the patient, when delivered.

To operate the irrigation system 8, a physician
or other medical personnel use the control panel 42 or a
remote controller to control the flow rate of the
irrigating fluid supplied to the surgical site by setting
a desired flow rate or pressure level. If the flow rate
is chosen as a controlling parameter, the controller 38
compares the desired flow rate with the actual flow rate
as measured by the flow sensor 52. If the actual flow
rate is not at the desired flow rate, the controller 38
outputs a signal to the motor 39 to adjust the motor
speed until the desired flow rate is achieved. 1In a
similar manner, the physician can also control the
pressure at which the fluid is being applied. 1If the
pressure is chosen as a controlling parameter, the
controller 38 compares the desired pressure with the
actual pressure as measured by the pressure sensor 54.
The controller 38, operating in conjunction with the
pressure sensor 54, can be used to establish an upper
pressure limit to assure that the pressure does not
exceed a safe limit in the body. In addition, the total
quantity of fluid can be determined at any time during
the procedure and displayed to the physician.

It is a significant advantage of the preferred
embodiment of the present invention that a pumping means,
such as an impeller, is used that is incapable of
producing too high a pressure in the flow passage 64. A
pump apparatus, such as an impeller, has reduced
efficiency when presented with back pressure. This
limits to a safe level the maximum amount of pressure
that the irrigation system can deliver to the surgical
site. By contrast, other prior systems that use other
types of pumps, such as positive displacement type pumps
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including peristaltic pumps, must provide additional
safequards to ensure that too high a pressure is not
created inside the body. According to a preferred
embodiment of the present invention, the pressure
produced in the body will not exceed a predetermined safe
limit regardless of how fast the motor rotates the
impeller. Once the pressure reaches a certain limit, the
fluid will tend to leak around the impeller blades. 1In
one embodiment, the impeller is incapable of imparting a
pressure greater than about 4 psi. 1In order to provide
this level of safety, the impeller 70 may be designed to
have a relatively loose fit in the area 68 of the flow
passageway 64. In a preferred embodiment, there is a
small clearance on the order of approximately 1/8 inch
between the blades of the impeller 70 and the walls of
the housing halves 60 and 62 that define the area 68 of
the passagé way in which the impeller is located. 1In
this manner, the cassette 30 provides an inherent, self-
limiting safety feature in addition to any safeguards
provided by the controller 38. If a different maximum
pressure is desired, the cassette can be provided with an
impeller having a smaller clearance between the impeller
blades and the walls of the housing halves. For example,
in an embodiment in which a maximum pressure of 9 psi is
desired, the impeller can be designed with a blade
clearance of only 1/16 inches. Because all the rest of
the parts of the cassette can be made the same, cassettes
for different procedures with corresponding different
maximum pressure outputs can be readily manufactured by
substitution of impellers of slightly different sizes.
Of course, appropriate indicia indicating the maximum
pressure output can be provided on the outside face of
the cassette.

One of the important considerations addressed
by the irrigation system described above is to provide
for control of irrigation fluid flow and pressure in a

system at a reasonable cost. 1In a preferred embodiment,
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the system disclosed above provides these advantages
because the reusable portions of the system are isolated
from the disposable portion. Specifically, the cassette
30 provides an interface between the irrigating fluid and
the control unit 20 including the motor 39 so that
control of the pressure and flow rate of the irrigating
fluid can be provided without the irrigating fluid coming
into contact with the motor 39, the controller 38, or any
of the sensors, such as sensors 52 and 54. Because
irrigating fluid comes in contact only with the cassette,
the cassette may be made to be disposable. The control
unit 20, since it does not physically come in contact
with the irrigating fluid, can be reused. The
cooperative arrangement provided by the cassette 30 and
the reusable control unit 20 provides a relatively high
degree of control, safety and convenience in an
irrigation system that is economical and efficient to use
since disposable components are relatively inexpensive.

Although it is presently preferred to provide
the cassette as a disposable item, in another version it
may be disassembled, sterilized, and reused.

It is another advantage of the embodiment
described above that multiple fluid bags can be attached
together and the fluid delivered to a surgical site. In
addition, when the warning alarm 112 signals that the
initial group of bags has become emptied, a new group of
bags can be attached to the manifold 21 without
interrupting the delivery of fluid to the surgical site.
This feature is provided because the reservoir 24
contains enough fluid so that a new supply of fluid bags
can be connected to the manifold after the alarm 112
indicates an empty condition but before the reservoir 24
empties. .

It is intended that the foregoing detailed
description be regarded as illustrative rather than
limiting and that it is understood that the following
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the scope of the invention.
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I CLAIM:

1. An irrigation system for providing fluid
from a source of irrigating fluid to a surgical site
comprising a control unit cooperatively associated with a
cassette,

and in which the control unit comprises:

a motor under the control of a controller;

a first sensor for sensing the flow of fluid in
said cassette, said first sensor operatively
connected to the controller;

a second sensor for sensing pressure in the
cassette, said second sensor operatively connected
to the controller; and

user input controls operatively connected to
the controller;

and in which the cassette comprises:

a housing defining a chamber, said chamber
having an inlet connected to said source of
irrigating fluid and an outlet for providing fluid
to the surgical site; and '

an impeller located in said housing and driven

by said motor.

2. The system of Claim 1 in which the cassette
further comprises:
a flowmeter located in said chamber downstream
of said impeller, said flowmeter providing an output
to said first sensor.

3. The system of Claim 1 in which the cassette
further comprises:
a flexible panel located in said housing
downstream of said impeller, éaid flexible panel

providing an output to said second sensor.

4. The system of Claim 1 in which said
cassette is disposable.
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5. The system of Claim 1 in which said control
unit is isolated from the irrigating fluid.

6. The system of Claim 1 in which said
cassette is reusable.

7. A system for providing irrigation fluid
from a source to a surgical site through a small incision
or a natural orifice of the body, the system comprising:

a control unit having a motor under the control
of a microprocessor and user input controls operatively
connected to the microprocessor;

a cassette mountable on said control unit, said
cassette comprising:

a housing defining a flow passageway, said flow
passageway having an inlet for connection to said
source of fluid and an outlet for providing fluid to
the surgical site; and

a pump located in said housing and driven by
said motor, said pump having reduced efficiency when
presented with back pressure to thereby limit to a
safe level an amount of pressure that the system can
deliver to the surgical site; and

a first sensor for sensing the flow of fluid in
said passageway downstream from said impeller, said first
sensor providing an output to said microprocessor.

8. The system of Claim 7 further comprising:
a paddle wheel located in said passageway
adjacent to said first sensor.

9. The system of Claim 7 further comprising:

a second sensor for sensing pressure in said
passageway downstream from said impeller, said second
sensor providing an output to said microprocessor.
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10. The system of Claim 9 further comprising:
a flexible panel located in said housing

adjacent to said second sensor.

11. The system of Claim 7 in which said pump
comprises an impeller located in said flow passageway.

12. The system of Claim 7 further comprising:

a fluid sensor for sensing the presence of
fluid, said sensor located between said source and said
site and operable to output a signal indicative of a lack
of fluid whereby said source of fluid may be replenished.

13. An irrigation system for providing fluid
from a source to a surgical site in the body through a
small incision or natural orifice, the system comprising:
a disposable cassette having a fluid flow
passage therethrough with an input on an upstream side
for connection to the source; ,
- an impeller located in said fluid flow passage;
a reusable control unit upon which said
disposable cassette can be mounted, said control unit
having:
a motor having an output shaft to which said
impeller can be engaged;
a first sensor for sensing fluid speed in said
fluid flow passage downstream of said impeller;
a second sensor for sensing pressure in said
fluid flow passage downstream of said impeller; and
a controller connected to said motor, said
first sensor, and said second sensor adapted to
control delivery of fluid to the surgical site from
the source of fluid based upon input by an operator

to a user control panel and input from the sensors.
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14. The system of Claim 13 further comprising:

a fluid sensor for sensing the presehce of
fluid, said sensor located between said source and said
site and operable to output a signal indicative of a lack
of fluid whereby said source of fluid may be replenished.

15. A disposable cassette for use with a
control unit for providing fluid from a source of
irrigation fluid to a surgical site, said disposable
cassette comprising:

a housing releasably mountable to said control
unit, said housing defining a fluid flow passage between
an input and an output to the surgical site;

a pump located in said housing and driven by
said motor, said pump having limited efficiency when
presented with back pressure to thereby limit to a
safe level an amount of pressure that the system can
deliver to the surgical site; and

a flow indicator operatively associated with
said fluid flow passage downstream of said impeller,
said flow indicator providing an output to said
control unit,

whereby an actual flow rate of fluid downstream of said
impeller toward said surgical site can be determined.

16. The system of Claim 15 in which said pump
comprises an impeller located in said flow passageway.

17. A disposable cassette for use with a
control unit for providing fluid from a source of
irrigation fluid to a surgical site, said disposable
cassette comprising:

a housing releasably moﬁntable to said control
unit, said housing defining a fluid flow passage between
an input and an output to the surgical site;b
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an impeller located in said fluid flow passage,
said impeller being driven by a motor in said
control unit; and

a flow indicator operatively associated with
said fluid flow passage downstream of said impeller,
said flow indicator providing an output to said
control unit,

whereby an actual flow rate of fluid downstream of said

impeller toward said surgical site can be determined.

18. The cassette of Claim 17 in which said
flow indicator comprises a paddle wheel mounted in said

fluid flow passage.

19. A disposable cassette for use with a
control unit for providing fluid from a source of
irrigation fluid to a surgical site, said disposable
cassette comprising:

a housing releasably mountable to said control
unit, said housing defining a fluid flow passage between
an input and an output to the surgical site;

an impeller located in said fluid flow passage,
said impeller being driven by a motor in said
control unit;

a pressure sensitive area associated with said
fluid flow passage downstream of said impeller, said
pressure sensitive area providing an output to said
control unit,

whereby a measure of pressure of fluid downstream of said
impeller toward said surgical site can be determined.

20. The cassette of Claim 19 in which said
pressure sensitive area comprises:
a pressure sensitive panel located in a wall of

said cassette downstream of said impeller.
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21. A method of irrigating a surgical site,
comprising the steps of:

mounting a disposable cassette on a control
unit;

attaching a source of irrigation fluid to an
input of the cassette;

delivering fluid to the surgical site from an
output of the cassette;

operating an impeller located in a passageway
of the cassette by means of a motor located in the
control unit;

sensing pressure and flow in the cassette
downstream from said impeller; and

adjusting the operation of the motor and
thereby the impeller based upon the pressure and flow
sensed.

22. The method of Claim 21 further comprising
the step of:
accessing the surgical site through a small

incision.

23. The method of Claim 21 further comprising
the step of:

displaying information indicating a total
amount of fluid delivered.

24. The method of Claim 21 further comprising
the step of:

providing an alarm when the source of fluid
needs to be replenished.

25. The method of Claim 24 further comprising
the step of:

attaching an additional source of fluid to said
cassette after an initial source is emptied without

interrupting the delivery of fluid to the site.
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26. The method of Claim 21 in which the step
of attaching a source of irrigation fluid further
comprises the step of:

attaching multiple bags of fluid to a manifold

5 so that fluid from the multiple bags is delivered to the
surgical site.
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