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An Irrigation solution re-circulating system comprises a reservoir of irrigation solution, a solution supply line for joining the reservoir
In fluid communication with a surgery site for delivering a controlled volume, pressure, and temperature of the irrigation solution to
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(57) Abrege(suite)/Abstract(continued):

the surgery site, and a return line for further joining the surgery site in fluid communication with the reservoir. A pump, which Is
preferably non-hemolyzing, Is connected to the return line for returning a controlled volume of the irrigation solution from the
surgery site to the reservoir. The system further comprises at least one filter connected to the return line for removing contaminants
from the irrigation solution prior to return to the reservoir to permit re-circulation of the solution without impairing endoscopic

visualization of the surgery site, while providing solution for expanding the surgery site to permit performance of the attendant
surgical procedure.
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ABSTRACT

An irrigation solution re-circulating system comprises a
reservoir of irrigation solution, a solution supply line for joining the
reservoir in fluid communication with a surgery site for delivering a
controlled volume, pressure, and temperature of the irrigation solution to
the surgery site, and a return line for further joining the surgery site in
fluid communication with the reservoir. A pump, which is preferably non-
hemolyzing, is connected to the return line for returning a controlled
volume of the irrigation solution from the surgery site to the reservorr,
The system further comprises at least one filter connected to the return
line for removing contaminants from the irrigation solution prior to return
to the reservoir to permit re-circulation of the solution without impairing
endoscopic visualization of the surgery site, while providing solution for

expanding the surgery site to permit performance of the attendant
surgical procedure.
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IRRIGATION SOLUTION RE-CIRCULATING SYSTEM
Technical Field

The present invention generally relates to a solution irrigation
system for use during arthroscopic surgical procedures, and more
particularly to an irrigation solution re-circulating system which
incorporates a series of filters for removing contaminants from the

irrigation solution to permit reuse and recirculation of the irrigation
solution.

Background Of The Invention

Some surgical procedures, such as knee, elbow, and
shoulder arthroscopic surgeries, involve the inflation of a surgery site with
irrigation solution, typically a saline-like solution, to facilitate performance
of the particular surgical procedure while permitting visualization through
an endoscope which is inserted into the surgery site.

Current irrigation solution management systems generally
include an input connection from a reservoir or supply of the irrigation
solution (typically multiple flexible containers or "bags" of solution) to a
surgery site, and an output connection from the surgery site to a collector
of irrigation solution drainage.

Such conventional fluid flow systems have several
disadvantages. Since they are, in essencs, single-pass systems, a very
substantial volume of irrigation solution is ordinarily required. In addition
to flushing the surgery site, the solution inevitably leaks from the site. As
such, use of as much as 45 liters of irrigation solution during a two and
one-half hour surgical 'procedure is not uncommon. Naturally, use of
such significant volumes of irrigation solution requires frequent and
regulér replenishment of the solution supply. In the event of unforeseen

delays during the surgery, there is a risk that the supply of the irrigation
solution will be depleted. Furthermore, the used Irrigation solution is
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considered to be medical waste which complicates disposal of the
solution.
Accordingly, it is desirable to provide an irrigation solution

re-circulation system to promote effective use of solution, facilitating both
solution supply and disposal. |

summary Of The Invention

The present invention provides an irrigation solution re-
circulating system which comprises a reservoir of irrigation solution, a
solution supply line for joining the reservoir in fluid communication with a
surgery site for delivering a controlled volume of the irrigation solution to
the surgery site, and a return line for further joining the surgery site in
fluid communication with the reservoir. A pump, for example, a non-
hemolyzing pump, is connected to the return line for returning the
irrigation solution from the surgery site to the reservoir. The system
further comprises at least one filter connected to the return line for
removing contaminants from the irrigation solution prior to return to the
reservoir to permit re-circulation of the solution without impairing
endoscopic visualization of the surgery site. A series of filters are
preferably employed, which filters may include a dialyzer filter.

The present invention further provides a method for
recirculating an irrigation solution from a surgery site. The method
comprises the steps of drawing irrigation solution from the surgery site,
filtering the irrigation solution for removing contaminants therefrom that
would otherwnse obscure a vxewnng field of the surgery site, and dlrectmg
the ltered irrigation solution back to the surgery site at a controlled
pressure and flow rate. The controlled flow rate preferably ranges from
0.0 Iitérs per minute to 1.0 liter per minute, with an average flow rate on
the order of 0.25 liters per minute. In accordance with the illustrated
embodiment of the present invention, the directing step includes passing
the filtered irrigation solution through a reservoir of the irrigation solution.
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Other features and advantages of the present invention will
becBme readily apparent from the following detailed description, the
accompanying drawings, and the appended claims.

Brief Description Of The Drawings

5 FIGURE 1 is a diagrammatic view of one embodiment of an
Irrigation solution re-circulating system in accordance with the present
invention when applied to an arthroscopic surgery.
Detailed Description

While the present invention is susceptible of embodiment in

10 various forms, there is shown in the drawings and will hereinafter be
described an embodiment of the present invention, with the
understanding that the present disclosure is to be considered as an
exemplification of the invention, and is not intended to limit the invention
to the specific embodiment illustrated.

15 Referring now to the drawing, therein is diagrammatically
llustrated in FIGURE 1, an irrigation solution re-circulating system 10
embodying the principles of the present invention. The system 10 as
iustrated includes a reservoir 12 for containing irrigation solution, such
as lactate, saline or dextrose solution. The reservoir 12 may comprise

20 one or more flexible fluid containers 14, and has a suitable capacity of
from about 6 to about 8 liters. In the illustrated embodiment, the reservoir
12 comprises two fluid containers 14, 16 which are in fluid flow
communication with each other through a fluid conduit 18. The fluid
containers 14, 16 can be formed of flexible plastic materlal or any other

25 suitable material known in the art.

A solution supply line 20 from one of the fluid containers 14
is coupled to a surgery site, such as to an arthroscopic surgery site 22. A
pump 24 is connected to the solution supply line 20 draws irrigation
solution from the reservoir 12, and direct it to the surgery site 22

30 (illustrated as a knee joint of a patient). An arthroscope 26 as shown in
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FIGURE 1 is used to examine the interior of the joint and carry out
diaghostic, and therapeutic procedures within the joint, which procedures
can be performed with one or more suitable surgical instruments such as
27. The solution supply line 20 may also comprise a fluid supply probe

or conduit, and may be connected to the arthroscope 26, such as
illustrated.

A return line, generally designated 28, extends from the
surgery site 22 via a pump 30 to the fluid container 16 for fluid flow
communication therebetween. The return line 28 comprises a discharge
conduit 32 connected between the surgery site 22 and the pump 30. The
pumps 24, 30 draw a controlled stream of irrigation solution, and are
preferably non-hemolyzing pumps, such as peristaltic pumps, which act
10 prevent destruction of red blood cells to limit discoloration of the
irrigation solution. A bone chip filter 34 is preferably placed upstream of
the suction pump 30 in the discharge conduit 32. The bone chip filter 34
separates bone fragments and large particulates from irrigation solution
drainage. Output of the suction pump 30 is connected to the fluid
container 16 through a fluid return conduit 36.

The fluid conduit 18, supply conduit 20, discharge conduit
32 and the fluid return conduit 36 can be formed of flexible, preferably
transparent medical grade plastic material.

A filter 38 is connected to the fluid return conduit 36. The
filter 38 separates and removes from the irrigation solution drainage
molecular moieties that can otherwise obscure the viewing field of the
anthroscope and impair visUalization of the surgery site. The filter 38
preferably incorporates a semi-permeable membrane, and may comprise
a commercially available dialyzer filter. Such a dialyzer filter 38 collects
molecular moieties having a molecular weight generally ranging from
about 10,000 to about 100,000, including pyrogen, white and red celis,
albumin, large proteins, bacteria and the like.
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Downstream of the filter 38, an additional filter, preferably an
anti-bacterial, 0.2 u filter 40 is disposed in the fluid return conduit 36, The
0.2 u filter 40 collects bacteria, although it does not filter virus or
pyrogens. Alternate'ﬁlter devices can be employed, such as 0.45 H#, 0.8 u
and 1.2 u filters. The irrigation solution which has passed through those
filters 38, 40 is then recirculated to the fluid container 16 as a fresh supply

of irrigation solution which is subsequently delivered to the surgery site
via the fluid containers 14, 16.

In a typical operation of the present system 10, about 0.5
liters of irrigation solution are initially directed into a knee joint to inflate

the interior of the joint. A flow rate of the irrigation solution in the supply
line is controlled by conduit and pump sizes, pump operation, to be from
as little as 0.0 liters per minute, up to about 1.0 liter per minute in a
continuous circulation mode of the system 10, with an average flow rate
on the order of .25 liters per minute.

It is further contemplated that the temperature of the
Irrigation solution can be selectively controlled to permit cooling or
warming of the surgery site. Suitable heat-exchanger means can be
employed for this purpose.

The foregoing is intended as illustrative and is not to be
taken as limiting. For example, although the system embodying the
present invention is described in its application to arthroscopic surgery,
the present irrigation fluid re-circulating system can be also effectively
used for the other surgeries, such as urethral resection surgery. Still
other variations, modiﬁt:atiohs and corrections can be effected without
departing from the true spirit and scope of the novel concept of the
present invention. It is, of course, intended to cover by the appended
claims all such modifications as fall within the scope of the claims.
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CLAIMS:

1. A continuous re-circulating system for recirculating a generally clear
irrigation solution used in surgical procedures, comprising:

a reservoir of 1rrigation solution;

a solution supply line for joining said reservoir of 1rrigation solution in fluid
communication with a surgery site for delivering a controlled volume of the
irrigation solution to the surgery site;

a return line for further joining the surgery site in fluid communication with
said reservoir such that said reservoir, said supply line, said surgery site and said
return line form a loop;

a pump connected to said return line for returning irrigation solution from
said surgery site to said reservoir of irrigation solution; and

at least one means for filtering the solution connected to said return line for
removing contaminants from said irrigation solution prior to return to said
reservoir to permit re-circulation of the filtered solution to the surgery site wherein
said at least one filtering mean comprises a semi-permeable membrane that
removes occluding contaminants so as not to impair visualization through the
solution at the surgery site.

2. The 1rmigation solution re-circulating system of claim 1, further comprising
means for removing bone chips disposed upstream of the filtering means.

3. The irngation solution re-circulating system of claim 2, wherein
said means for removing bone chips is a bone chip filter and is disposed
upstream of the pump.

4. The 1rrigation solution re-circulating system of claim 2 or 3, including
an anti-bacterial filter downstream of the filtering means in said return line
for collecting bacteria.

5. The irrigation solution re-circulating system of claim 1, 2, 3 or 4, further
comprising a second pump connected to the supply line for directing the controlled

volume of the irrigation solution from the reservoir of the irrigation solution to the
surgery site.
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6. The 1rrigation solution re-circulating system of claim 1, 2, 3, 4 or 5,
wherein

said reservoir of the 1rrigation solution comprises a supply container
connected to said supply line, and a collection container connected between the
return line and the supply container.

7. A method for continuous recirculation of a generally clear irrigation
solution from a surgery site comprising the steps of:

supplying an initial quantity of generally clear 1rrigation solution from a
solution reservoir to the surgery site;

drawing 1rrigation solution from the surgery site;

filtering the 1rrigation solution for removing contaminants therefrom; and

directing the filtered irrigation solution to the solution reservoir and then
into the surgery site at a controlled tlow rate;

wherein the directing step includes passing the filtered 1rrigation solution
through a collection container and then to the reservoir of the irrigation solution
for recirculation; and

wherein a second filtering step 1s performed during the directing step and
removes occluding contaminants from the solution so as to avoid impairing
visualization through the solution at the surgery site.

8. The method of claim 7, wherein
said controlled tlow rate ranges from 0.0 liters per minute to about 1.0 liter
per minute, with an average tlow rate on the order of 0.25 liters per minute.

9. The method of claim 7 or 8, wherein
said filtering step 1s performed before said passing step.

10.  The method of claim 7 or &, wherein

1n said second filtering step, filtering is effected by use of a semi-permeable
membrane.

11. The method ot claim 7, 8 or 10, wherein
1n said second filtering step, filtering is effected by use of a bone chip filter.
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12. The method of claim 7, §, 9, 10 or 11, including
the step of selectively controlling the temperature of said 1rrigation
solution.
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