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LAPAROSCOPIC LENS CLEANER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of prior filed copending U.S.
patent application Ser. No. 11/810,081, filed Jun. 4, 2007 and
entitled “Laparoscopic Lens Cleaner”, which claims the ben-
efit of and incorporates by reference in its entirety U.S. Pro-
visional application No. 60/811,073, filed Jun. 6, 2006.

FIELD

The present disclosure relates to laparoscopes. More par-
ticularly, the present disclosure relates to a laparoscopic lens
cleaner which is fitted over a laparoscope to maintain the lens
of the laparoscope in a clean, dry condition during a laparo-
scopic surgical procedure.

BACKGROUND

Laparoscopes are surgical instruments through which ana-
tomical structures in the abdomen and pelvis can be viewed
by a surgeon. Laparoscopic surgery has become increasingly
popular in recent years because it eliminates the need to cut a
large surgicalincision in a patient. This reduces patient recov-
ery time and discomfort as well as the deleterious side effects
associated with major surgery. In a laparoscopic surgical
procedure, a small incision is initially cut in the abdominal
wall of the patient to facilitate insertion of the laparoscope
into the patient’s abdomen or pelvis. Cannula sleeves can be
inserted into the same incision or an adjacent incision or
incisions to serve as entry ports for the extension of probes
and other laparoscopic surgical instruments into the abdomen
or pelvis. Laparoscopic surgery can be used to repair or
remove internal tissues or organs as well as to aid in diagnos-
tics since the contents of the abdomen or pelvis, including
such anatomical structures as the fallopian tubes, ovaries,
uterus, small and large intestines, appendix, liver and gall-
bladder, for example, can be viewed through the laparoscope.

A typical laparoscope includes a housing. An elongated
lens shalt extends from one end of the housing, and a lens is
provided in the distal end of the lens shaft. A camera view-
finder extends from the other end of the housing. A camera is
connected to the housing and transmits images sighted
through the lens to a television monitor on which the images
are displayed. During a surgical procedure, the distal end
portion of the lens shaft is extended into an incision in the
patient’s abdominal wall, while the proximal end portion of
the lens shaft, the housing and the camera viewfinder remain
outside the patient. One of the limitations of conventional
laparoscopes is that the laparoscope lens frequently contacts
and is obscured by blood, tissue and other matter during a
laparoscopic surgical procedure. This adversely affects the
quality of the images displayed on the television monitor.

SUMMARY

The present disclosure is generally directed to a laparo-
scopic lens cleaner which is suitable for maintaining the lens
of a laparoscope in a clean, dry condition during a laparo-
scopic surgical procedure. An illustrative embodiment of the
laparoscopic lens cleaner includes an elongated cleaner
sheath having a sheath interior, a fluid conduit provided in the
cleaner sheath, a fluid discharge nozzle provided in the sheath
interior and communicating with the fiuid conduit, a gas
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2

conduit provided in the cleaner sheath and a gas discharge
nozzle provided in the sheath interior and communicating
with the gas conduit.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will now be made, by way of example, with
reference to the accompanying drawings, in which:

FIG. 11s a side, partially schematic view of an illustrative
embodiment of the laparoscopic lens cleaner according to the
present disclosure, with a fluid pump and supply apparatus
and a gas pump and supply apparatus connected to the lap-
aroscopic lens cleaner through respective connecting con-
duits (partially in section);

FIG. 2 is a cross-sectional view, taken along section lines
2-2in FIG. 1, of a cleaner sheath element of the laparoscopic
lens cleaner;

FIG. 3 is a longitudinal sectional view, partially in section,
taken along section lines 3-3 in FIG. 2, of the cleaner sheath
element of the laparoscopic lens cleaner;

FIG. 4 is a longitudinal sectional view, partially in section,
taken along section lines 3-3 in FIG. 2, of the cleaner sheath
element of the laparoscopic lens cleaner, more particularly
illustrating typical discharging of a cleaning fluid and a dry-
ing gas from respective discharge nozzles provided in the
cleaner sheath element in typical use of the laparoscopic lens
cleaner;

FIG. 51s a side view, partially in section, of a laparoscope,
preparatory to placement of an illustrative embodiment of the
laparoscopic lens cleaner, partially in section, on the laparo-
scope in typical application of the laparoscopic lens cleaner;

FIG. 6 is a side view, partially in section, of a laparoscope,
with an illustrative embodiment of the laparoscopic lens
cleaner fitted on the laparoscope in typical application of the
laparoscopic lens cleaner;

FIG. 7 is a perspective view of a laparoscope extending
through an incision in a patient (partially in section), with the
laparoscopic lens cleaner fitted on the laparoscope;

FIG. 8 is an enlarged longitudinal sectional view, partially
in section, taken along section lines 3-3 in FIG. 2, of the
cleaner sheath element of the laparoscopic lens cleaner, with
the laparoscopic lens cleaner fitted on a laparoscope and more
particularly illustrating typical discharging of a cleaning fluid
from the laparoscopic lens cleaner and against the lens of the
laparoscope;

FIG. 9 is an enlarged longitudinal sectional view, partially
in section, taken along section lines 3-3 in FIG. 2, of the
cleaner sheath element of the laparoscopic lens cleaner, with
the laparoscopic lens cleaner fitted on a laparoscope and more
particularly illustrating typical discharging of a drying gas
from the laparoscopic lens cleaner and against the lens of the
laparoscope;

FIG. 10 is an enlarged sectional view, taken along section
line 10 in FIG. 3, of a fluid discharge nozzle element of the
laparoscopic lens cleaner;

FIG. 11 is a cross-sectional view, taken along section lines
11-11 in FIG. 10, of a fluid discharge nozzle element of the
laparoscopic lens cleaner, more particularly illustrating a
multi-nozzle opening embodiment of the laparoscopic lens
cleaner;

FIG. 12 is a cross-sectional view, taken along section lines
11-11 in FIG. 10, of a fluid discharge nozzle element of the
laparoscopic lens cleaner, more particularly illustrating a
single-nozzle opening embodiment of the laparoscopic lens
cleaner;

FIG. 13 is a longitudinal sectional view, partially in sec-
tion, taken along section lines 13-13 in FIG. 2, more particu-
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larly illustrating a pair of spaced-apart sheath flanges pro-
vided in the cleaner sheath element of the laparoscopic lens
cleaner and a laparoscope (in phantom) inserted in the cleaner
sheath and engaging the sheath flanges;

FIG. 14 is a partially schematic side view of an alternative
illustrative embodiment of the laparoscopic lens cleaner
according to the present disclosure;

FIG. 15 is a sectional view, taken along section lines 15-15
in FIG. 14, of the cleaner sheath element of the laparoscopic
lens cleaner;

FIG. 16 is a longitudinal sectional view, partially in sec-
tion, taken along section lines 16-16 in FIG. 15, of the cleaner
sheath of the laparoscopic lens cleaner;

FIG. 17 is a longitudinal sectional view, partially in sec-
tion, taken along section lines 16-16 in FIG. 15, of the cleaner
sheath element of the laparoscopic lens cleaner, with a lap-
aroscope (illustrated in phantom) inserted in the cleaner
sheath and more particularly illustrating typical discharging
ofacleaning fluid and a drying gas against a laparoscopic lens
of the laparoscope in typical use of the laparoscopic lens
cleaner;

FIG. 18 is an end view, taken along viewing lines 18-18 in
FIG. 17, of the cleaner sheath of the laparoscopic lens cleaner
and the laparoscope (in phantom) inserted in the cleaner
sheath, more particularly illustrating linear flow of the clean-
ing fluid and annular flow of the cleaning gas in the cleaner
sheath in typical use of the laparoscopic lens cleaner;

FIG. 19 is a longitudinal sectional view, partially in sec-
tion, of a cleaner sheath element of an alternative illustrative
embodiment of the laparoscopic lens cleaner, with a laparo-
scope (in phantom) inserted in the cleaner sheath;

FIG. 20 is an end view, taken along viewing lines 20-20 in
FIG. 19, of the cleaner sheath;

FIG. 21 1s alongitudinal sectional view of a tapered cleaner
sheath element of an alternative illustrative embodiment of
the laparoscopic lens cleaner, with a tapered-profile laparo-
scope inserted in the cleaner sheath;

FIG. 22 is an end view, taken along viewing lines 22-22 in
FIG. 21, of the tapered cleaner sheath of the laparoscopic lens
cleaner; and

FIG. 23 is an enlarged sectional view, taken along section
line 23 in FIG. 21, of a fluid discharge nozzle of a fluid conduit
in the cleaner sheath.

DETAILED DESCRIPTION

Referring initially to FIGS. 1-4 and 10-13 of the drawings,
an illustrative embodiment of the laparoscopic lens cleaner
according to the present disclosure is generally indicated by
reference numeral 1. The laparoscopic lens cleaner 1 includes
a generally elongated, cylindrical or tubular cleaner sheath 2
having a sheath wall 3 which may be a substantially rigid or
semi-rigid plastic, for example. As illustrated in FIG. 2, the
sheath wall 3 typically has a generally annular cross-sectional
configuration and defines a sheath interior 4. As illustrated in
FIG. 1, the cleaner sheath 2 has a proximal end 5 and a distal
end 6 having a distal opening 7. As illustrated in FIGS. 2 and
3, at least one sheath flange 8, the purpose of which will be
hereinafter described, may extend from the sheath wall 3 and
into the sheath interior 4, generally at or adjacent to the distal
end 6 of the cleaner sheath 2. As illustrated in FIG. 2, a pair of
sheath flanges 8 may extend from the sheath wall 3 and into
the sheath interior 4, typically in generally diametrically-
opposed relationship to each other.

As illustrated in FIG. 1, an attachment clip 14 of selected
design may be provided on the cleaner sheath 2, adjacent to
the proximal end 5 of the cleaner sheath 2, to facilitate detach-
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able attachment of the laparoscopic lens cleaner 1 to a lap-
aroscope 56 (FIGS. 5 and 6) in typical use of the laparoscopic
lens cleaner 1, as will be hereinafter described. The attach-
ment clip 14 may be pivotally attached to the cleaner sheath 2
by a pivot pin 15. The typically spring-loaded attachment clip
14 is normally biased in the locking configuration which is
indicated by the solid lines in FIG. 5 and may be pivoted
against the spring-loaded bias to an unlocking configuration
which is indicated by the phantom lines in FIG. 5. As illus-
trated in FIG. 1, a ring gasket 10 may be provided on the
proximal end 5 of the cleaner sheath 2 to provide a seal
between the cleaner sheath 2 and the laparoscope 56 when the
laparoscopic lens cleaner 1 is provided on the laparoscope 56,
as will be hereinafter described.

A fluid conduit 18 is provided in the cleaner sheath 2 and
includes an elongated fluid distribution segment 19 which
extends generally parallel to the longitudinal axis of the
cleaner sheath 2. As illustrated in FIG. 1, the fluid distribution
segment 19 has an inlet end 24 which is typically at or adja-
cent to the proximal end 5 of the cleaner sheath 2 and an outlet
end 25 which terminates adjacent to the distal end 6 of the
cleaner sheath 2. As illustrated in FI1G. 2, the fluid distribution
segment 19 of the fluid conduit 18 typically extends within
and along the sheath wall 3 of the cleaner sheath 2. The
diameter or width of the fluid distribution segment 19 may be
substantially equal to or slightly larger than the thickness of
the sheath wall 3.

As illustrated in FIG. 3, a fluid discharge nozzle 20 com-
municates with the outlet end 25 of the fluid distribution
segment 19 and protrudes into the sheath interior 4, typically
adjacent to the distal end 6 of the cleaner sheath 2. As illus-
trated in FIG. 10, the fluid discharge nozzle 20 has a nozzle
wall 20a which is continuous with a segment wall 19a of the
fluid distribution segment 19 and defines a nozzle interior
205. The nozzle interior 205 of the fluid discharge nozzle 20
communicates with the fluid distribution segment 19. A
nozzle plate 21 is provided in the nozzle interior 20b. As
illustrated in FIG. 11, in some embodiments of the laparo-
scopic lens cleaner 1. multiple nozzle openings 22 extend
through the nozzle plate 21 in a selected pattern to form a
spray configuration of a cleaning fluid 50 (FIG. 4) as the
cleaning fluid 50 is ejected through the nozzle openings 22, in
use of the laparoscopic lens cleaner 1 as will be hereinafter
described. As illustrated in FIG. 12, in other embodiments of
the laparoscopic lens cleaner 1, a single nozzle opening 23
extends typically through the central portion of the nozzle
plate 21 to form a single stream configuration of the cleaning
fluid 50 as the cleaning fluid 50 is ejected through the nozzle
opening 23. As illustrated in FIG. 1, a typically elongated,
flexible fluid connecting conduit 32, which may be fitted with
a conduit connector 33, is disposed in fluid communication
with the inlet end 24 of the fluid distribution segment 19 and
extends from the cleaner sheath 2 for purposes which will be
hereinafter described.

A gas conduit 26 is further provided in the cleaner sheath 2
and includes an elongated gas distribution segment 27 which
extends generally parallel to the longitudinal axis of the
cleaner sheath 2. As illustrated in FIG. 1, the gas distribution
segment 27 has an inlet end 29 which is typically at or adja-
cent to the proximal end 5 and an outlet end 30 which termi-
nates typically adjacent to the distal end 6 of the cleaner
sheath 2. As illustrated in FIG. 2, like the fluid distribution
segment 19 of the fluid conduit 18, the gas distribution seg-
ment 27 of the gas conduit 26 typically extends within and
along the sheath wall 3 of the cleaner sheath 2. The diameter
or width of the gas distribution segment 27 may be substan-
tially equal to or slightly larger than the thickness of the
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sheath wall 3. As further illustrated in FIG. 2, the gas distri-
bution segment 27 of the gas conduit 26 may be positioned in
generally diametrically-opposed relationship to the fluid dis-
tribution segment 19 of the fluid conduit 18, on the opposite
side of the sheath interior 4. As illustrated in FIGS. 2and 3, a
gas discharge nozzle 28, which may have the same design as
the fluid discharge nozzle 20, communicates with the outlet
end 30 of the gas distribution segment 27 and protrudes into
the sheath interior 4. As illustrated in FIG. 1, a typically
elongated, flexible gas connecting conduit 36, which may be
fitted with a conduit connector 37, is disposed in fluid com-
munication with the inlet end 29 of the gas distribution seg-
ment 27 and extends from the cleaner sheath 2 for purposes
which will be hereinafter described.

As further illustrated in FIG. 1, the fluid connecting con-
duit 32 is adapted for connection to a discharge outlet (not
illustrated) of a fluid pump and supply apparatus 40, accord-
ing to the knowledge of those skilled in the art, such as
through the conduit connector 33 provided on the fluid con-
necting conduit 32, for example. The fluid pump and supply
apparatus 40 may be conventional and includes a fluid reser-
voir 41 which is adapted to contain a cleaning fluid 50 (FIG.
4) such as saline solution, for example. The fluid pump and
supply apparatus 40 typically further includes a foot pedal 42
which can be depressed to discharge the cleaning fluid 50
under pressure from the fluid reservoir 41 and into the fluid
connecting conduit 32. Accordingly, responsive to depression
of the foot pedal 42, the cleaning fluid 50 is discharged under
pressure from the fluid pump and supply apparatus 40 and
flows through the fluid connecting conduit 32 and the fluid
distribution segment 19 of the fluid conduit 18, respectively.
The cleaning fluid 50 is then discharged from the fluid dis-
charge nozzle 20 into the sheath interior 4 of the cleaning
sheath 2, as illustrated in FIG. 4, for purposes which will be
hereinafter described.

The gas connecting conduit 36 is adapted for connection to
an outlet of a gas pump and supply apparatus 46, according to
the knowledge of those skilled in the art, such as through the
conduit connector 37 provided on the gas connecting conduit
36, for example. The gas pump and supply apparatus 46, like
the fluid pump and supply apparatus 40, may be conventional
and includes a gas reservoir 47 which is adapted to contain a
drying gas 52 (FIG. 4) such as carbon dioxide, for example.
The gas pump and supply apparatus 46 typically further
includes a foot pedal 48 which can be depressed to discharge
the drying gas 52 under pressure from the gas reservoir 47 and
into the gas connecting conduit 36. Accordingly, responsive
to depression of the foot pedal 48, the drying gas 52 is dis-
charged under pressure from the gas pump and supply appa-
ratus 46 and flows through the gas connecting conduit 36 and
the gas distribution segment 27 of the gas conduit 26, respec-
tively. The drying gas 52 is then discharged from the gas
discharge nozzle 28 into the sheath interior 4 of the cleaning
sheath 2, as illustrated in FIG. 4, for purposes which will be
hereinafter described. It is to be understood that the fluid
pump and supply apparatus 40 and/or the gas pump and
supply apparatus 46, instead of being foot-operated, may
alternatively be any type of trigger-operated, button-operated
or programmable apparatus known by those skilled in the art
which is capable of containing and dispensing a cleaning fluid
50 and/or a drying gas 52, respectively, under pressure in a
manually-controlled or automatic fashion.

Referring again to FIG. 1 and to FIGS. 5-9 and 13 of the
drawings, in typical use, the laparoscopic lens cleaner 1 is
provided on a laparoscope 56 (FIGS. 5 and 6) to periodically
clean and dry a laparoscope lens 62 of the laparoscope 56
during a laparoscopic surgical procedure. As illustrated in
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FIGS. 5 and 6, the laparoscope 56 may be conventional and
typically includes a laparoscope housing 57. A camera view-
finder 60 extends typically from one end of the laparoscope
housing 57. An elongated lens shaft 61 extends typically from
the end of the laparoscope housing 57 which is opposite the
camera viewfinder 60. The laparoscope lens 62 is provided in
the extending or distal end of the lens shaft 61. A camera
attachment nipple 59 may extend from the laparoscope hous-
ing 57, typically between the camera viewfinder 60 and the
lens shaft 61. The camera attachment nipple 59 is adapted for
connection to a camera cord 63 which s, in turn, connected to
a laparoscope camera (not illustrated). In typical use of the
laparoscope 56, the viewfinder 60 is adapted to sight images
of a surgical field typically in the abdominal or pelvic region
of a patient 66 (FIG. 7) as the position of the laparoscope 56
is initially adjusted to view a particular anatomical structure
or structures in the surgical field. The laparoscope camera,
typically connected to the camera attachment nipple 59
through the camera cord 63, is adapted to receive images of
the surgical field sighted through the laparoscope lens 62 and
transmit the images to a television monitor (not illustrated)
which is connected to the laparoscope camera and on which
the images of the surgical field are displayed. Accordingly,
the television monitor enables a surgical team to view the
anatomical structure or structures in the surgical field inside
the patient as the surgical procedure is carried out using
laparoscopic surgical instruments.

Prior to the laparoscopic surgical procedure, the laparo-
scopic lens cleaner 1 is positioned on the lens shaft 61 of the
laparoscope 56. This is accomplished typically by extending
the lens shaft 61 of the laparoscope 56 through the sheath
interior 4 of the cleaner sheath 2, as illustrated in FIG. 5, until
the ring gasket 10 of the cleaner sheath 2 sealingly engages
the laparoscope housing 57, as illustrated in FIG. 6. The
attachment clip 14 on the cleaner sheath 2 is typically caused
to engage the laparoscope housing 57, such as by, for
example, engaging a housing notch 58 on the laparoscope
housing 57 in the locking configuration of the attachment clip
14, as illustrated in FIG. 6, to detachably fasten the cleaner
sheath 2 to the laparoscope 56. Asillustrated in FIG. 13, when
the cleaner sheath 2 is positioned on the lens shalt 61, the
distal end of the lens shaft 61 engages the sheath flange or
flanges 8 in the sheath interior 4 of the cleaner sheath 2.
Furthermore, as illustrated in FIGS. 8 and 9, the laparoscope
lens 62 (shown in phantom) is located adjacent to and directly
in the discharge flow path of the fluid discharge nozzle 20 of
the fluid conduit 18 and of the gas discharge nozzle 28 of the
gas conduit 26. As illustrated in FIG. 1, the fluid connecting
conduit 32 and the gas connecting conduit 36 of the laparo-
scopic lens cleaner 1 are connected to the fluid pump and
supply apparatus 40 and the gas pump and supply apparatus
46, respectively, typically through the respective conduit con-
nectors 33 and 37.

The laparoscopic surgical procedure is initiated by prep-
ping the patient 66 typically in conventional fashion. As illus-
trated in FIG. 7, an incision 67 is cut typically through the
abdominal wall of the patient 66. The cleaner sheath 2 of the
laparoscopic lens cleaner 1, extending over the lens shaft 61
ofthe laparoscope 56, is inserted through the incision 67, with
the laparoscope housing 57 of the laparoscope 56 remaining
outside the patient 66. Inside the abdomen or pelvis of the
patient 66, anatomical structures (not illustrated) which are to
be viewed, repaired, removed or manipulated in the surgical
field during the laparoscopic surgical procedure are typically
initially sighted through the camera viewfinder 60 of the
laparoscope 56. These images are also transmitted to the
television monitor (not illustrated) by the laparoscopic cam-
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era (not illustrated), which is connected to the laparoscope
housing 57 typically through the camera cord 63 and camera
attachment nipple 59, and the images are displayed on the
television monitor. Various laparoscopic surgical instruments
(not illustrated) are extended into the patient 66 typically
through cannula sleeves (not illustrated) which are inserted
through the incision 67 and/or through a separate incision or
incisions (not illustrated) which are cut through the abdomi-
nal wall of the patient 66. Therefore, the laparoscope 56 is
used by the surgical team to view the surgical field, including
the anatomical structure or structures typically in the abdomi-
nal or pelvic region ofthe patient 66, on the television monitor
as the laparoscopic surgical instruments are manipulated to
repair, remove or otherwise manipulate the structure or struc-
tures.

Throughout the laparoscopic surgical procedure, biologi-
cal tissue or matter (not illustrated) has a tendency to enter the
distal opening 7 of the cleaner sheath 2 of the laparoscopic
lens cleaner 1 and contact the laparoscope lens 62 of the
laparoscope 56. This tends to obscure the images of the sur-
gical field as they are displayed on the television monitor.
Therefore, the biological tissue or matter can be cleaned from
the laparoscope lens 62 typically as follows. The fluid pump
and supply apparatus 40 (FI1G. 1) is initially operated to pump
a cleaning fluid 50, such as saline solution, for example,
through the fluid connecting conduit 32 and the fluid distri-
bution segment 19 and fluid discharge nozzle 20, respectively,
of the fluid conduit 18. As illustrated in FIG. 8, the cleaning
fluid 50 is discharged from the fluid discharge nozzle 20
through the nozzle openings 22 (FIG. 11) ina spray pattern, or
alternatively, through the single nozzle opening 23 (FIG. 12)
in a single stream, against and across the surface of the lap-
aroscopic lens 62. The cleaning fluid 50 dislodges the tissue
or other matter (not illustrated) from the laparoscopic lens 62,
substantially clearing the images of the surgical field which
are displayed on the television monitor.

After the cleaning fluid 50 is discharged against the lap-
aroscope lens 62, residual cleaning fluid 50 can be dried from
the laparoscopic lens 62 as illustrated in FIG. 9, typically as
follows. The gas pump and supply apparatus 46 (FIG. 1) is
initially operated to pump a drying gas 52, such as carbon
dioxide, for example, through the gas connecting conduit 36
and the gas distribution segment 27 and gas discharge nozzle
28, respectively, of the gas conduit 26. As illustrated in FIG.
9, the drying gas 52 is discharged from the gas discharge
nozzle 28, against and across the surface of the laparoscopic
lens 62. The drying gas 52 dries the residual cleaning fluid 50
from the laparoscopic lens 62 to prevent the residual cleaning
fluid 52 from obscuring the images of the surgical field as they
are displayed on the television monitor. The fluid pump and
supply apparatus 40 and the gas pump and supply apparatus
46 can be operated as often as is necessary to rinse and dry,
respectively, the laparoscope lens 62 of the laparoscope 56
and maintain clarity of the surgical field as it is displayed on
the television monitor. It is understood that the apparatus can
be disposable, as desired.

Referring next to FIGS. 14-18 of the drawings, an alterna-
tive illustrative embodiment of the laparoscopic lens cleaner
is generally indicated by reference numeral 71. The laparo-
scopic lens cleaner 71 includes a generally elongated, cylin-
drical or tubular cleaner sheath 72 having a sheath wall 3
(FIG. 15) which may be a substantially rigid or semi-rigid
plastic, for example. As illustrated in FIG. 15, the sheath wall
73 typically has a generally annular cross-sectional configu-
ration and defines a sheath interior 74. As illustrated in FIG.
14, the cleaner sheath 72 has a proximal end 75 and a distal
end 76 having a distal opening 77 (FIG. 16).
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As illustrated in FIGS. 15, 16 and 18, at least two spacer
studs 90, the purpose of which will be hereinafter described,
may extend from the sheath wall 73 and into the sheath
interior 74 in substantially diametrically-opposed relation-
ship with respect to each other. As illustrated in FIG. 16,
multiple spacer stud sets 91, each of which includes multiple
spaced-apart spacer studs 90 distributed around the interior
circumference of the sheath wall 73, may be disposed at
spaced-apart intervals with respect to each other in the sheath
interior 74 along the length of the cleaner sheath 72. As
illustrated in FIG. 15, in some embodiments each spacer stud
set 91 may include four spacer studs 90 which extend from the
sheath wall 73 and into the sheath interior 74 in substantially
equally spaced-apart relationship to each other. However,
each spacer stud set 91 may include as few as two spacer studs
90 disposed in substantially diametrically-opposed relation-
ship with respect to each other. Each spacer stud 90 may be a
resilient material such as rubber or plastic, for example and
without limitation.

A fluid conduit 78 is provided in the sheath interior 74 of
the cleaner sheath 72 and includes an elongated fluid distri-
bution segment 79 which extends generally parallel to the
longitudinal axis of the cleaner sheath 72. As illustrated in
FIG. 16, the fluid distribution segment 79 has an inlet end 84
which may be disposed at or adjacent to the proximal end 75
ofthe cleaner sheath 72 and an outlet end 85 which terminates
at or adjacent to the distal end 76 of the cleaner sheath 72. As
illustrated in FIGS. 15-18, the fluid distribution segment 79 of
the fluid conduit 78 may extend within and along the sheath
wall 73 of the cleaner sheath 72. The diameter or width of the
fluid distribution segment 79 may be substantially equal to or
slightly larger than the thickness of the sheath wall 73.

As illustrated in FIGS. 16 and 17, a fluid discharge nozzle
80, having at least one nozzle opening 82 (FIG. 17), commu-
nicates with the outlet end 85 of the fluid distribution segment
79 and protrudes into the sheath interior 74, typically adjacent
to the distal end 76 of the cleaner sheath 72. The fluid dis-
charge nozzle 80 may have a design which is similar to that of
the fluid discharge nozzle 20 of the laparoscopic lens cleaner
1 heretofore described with respect to FIGS. 1-13. As illus-
trated in FIG. 14, atypically elongated, flexible fluid connect-
ing conduit 32 is disposed in fluid communication with the
inletend 84 (FIG. 16) of the fluid distribution segment 79. The
fluid connecting conduit 32 may extend from the cleaner
sheath 72 through a fluid inlet opening 73a (FIG. 16) pro-
vided in the sheath wall 73. As further illustrated in FI1G. 14,
the fluid connecting conduit 32 is connected to the fluid
reservoir 41 of the fluid pump and supply apparatus 40 such as
through a suitable conduit connector 33, for example. As
illustrated in FIGS. 16 and 17, a gas flow space 88 is defined
by and between the exterior surface of the fluid conduit 78 and
the interior surface of the sheath wall 73. Accordingly, the
wall of the fluid distribution segment 79 of the fluid conduit
78 separates the gas flow space 88 from the interior of the fluid
conduit 78.

As further illustrated in FIG. 14, a gas connecting conduit
36, which may be generally elongated and flexible, is dis-
posed in fluid communication with the gas flow space 88
portion of the sheath interior 74. The gas connecting conduit
36 may extend through a gas inlet opening 734 (FIG. 16)
which is provided in the sheath wall 73 of the cleaner sheath
72. As illustrated in FIG. 14, the gas connecting conduit 36 is
connected to the gas reservoir 47 of the gas pump and supply
apparatus 46.

Referring again to FIGS. 14, 17 and 18 of the drawings, in
typical use, the laparoscopic lens cleaner 71 is extended over
the laparoscope 56 (illustrated in phantom in FIGS. 17 and
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18) to periodically clean and dry the laparoscope lens 62 of
the laparoscope 56 during a laparoscopic surgical procedure.
The laparoscope 56 may be similar in design to that which
was heretofore described with respect to FIGS. 5 and 6. Prior
to a laparoscopic surgical procedure, the laparoscopic lens
cleaner 71 is positioned on the lens shaft 61 ofthe laparoscope
56. This is accomplished typically by extending the lens shaft
61 of the laparoscope 56 through the gas flow space 88 in the
sheath interior 74 of the cleaner sheath 72 as the spacer studs
90 of the cleaner sheath 2 sealingly engage the exterior sur-
face of the laparoscope housing 57, as illustrated in FIG. 18.
As illustrated in FIG. 17, when the cleaner sheath 72 is posi-
tioned on the lens shaft 61, the laparoscope lens 62 (shown in
phantom) is located adjacent to and directly in the discharge
flow path of the fluid discharge nozzle 80 of the fluid conduit
78. As illustrated in FIGS. 17 and 18, the spacer studs 90
maintain separation between the lens shaft 61 of the laparo-
scope 56 and the sheath wall 73 of the cleaner sheath 72,
defining a gas flow annulus 86 within the gas flow space 88
between the interior surface of the sheath wall 73 of the
cleaner sheath 72 and the exterior surface of the lens shaft 61.
Asillustrated in FIGS. 17 and 18, the gas flow annulus 86 may
be at least partially interrupted by the fluid distribution seg-
ment 79 of the fluid conduit 78. The wall of the fluid distri-
bution segment 79 separates the gas flow annulus 86 from the
interior of the fluid conduit 78.

As illustrated in FIG. 14, the fluid connecting conduit 32
and the gas connecting conduit 36 of the laparoscopic lens
cleaner 71 are connected to the fluid pump and supply appa-
ratus 40 and the gas pump and supply apparatus 46, respec-
tively, typically through the respective conduit connectors 33
and 37. Throughout the laparoscopic surgical procedure,
which may be carried out as was heretofore described with
respect to FIG. 7, biological tissue or matter (not illustrated)
has a tendency to enter the distal opening 77 of the cleaner
sheath 72 of the laparoscopic lens cleaner 71 and contact the
laparoscope lens 62 of the laparoscope 56. Therefore, the
biological tissue or matter can be cleaned from the laparo-
scope lens 62 typically by initially operating the fluid pump
and supply apparatus 40 (FIG. 14) to pump a cleaning fluid
50, such as saline solution, for example, through the fluid
connecting conduit 32 and the fluid distribution segment 79
and fluid discharge nozzle 80, respectively, of the fluid con-
duit 78. As illustrated in FIG. 17, the cleaning fluid 50 is
discharged from the fluid discharge nozzle 80 through the
nozzle openings 82 in a spray pattern, or alternatively,
through the single nozzle opening 82 in a single stream,
against and across the surface of the laparoscopic lens 62. The
cleaning fluid 50 dislodges the tissue or other matter (not
illustrated) from the laparoscopic lens 62, substantially clear-
ing the images of the surgical field which are displayed on the
television monitor (not illustrated) to which the laparoscope
56 is attached.

After the cleaning fluid 50 is discharged against the lap-
aroscope lens 62, residual cleaning fluid 50 can be dried from
the laparoscopic lens 62 as illustrated in FIGS. 17 and 18,
typically as follows. The gas pump and supply apparatus 46
(FIG. 14) is initially operated to pump the drying gas 52, such
as carbon dioxide, for example, through the gas connecting
conduit 36 and into the gas flow annulus 86 in the gas flow
space 88 of the cleaner sheath 72. As illustrated in FIGS. 17
and 18, the drying gas 52 flows along a cyclical or linear path
in the gas flow annulus 86 from the gas connecting conduit 36
toward the laparoscopic lens 62 of the laparoscope 56. The
drying gas 52 flows against and across the surface of the
laparoscopic lens 62, drying the residual cleaning fluid 50
from the laparoscopic lens 62 to prevent the residual cleaning
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fluid 52 from obscuring the images of the surgical field as they
are displayed on the television monitor. The fluid pump and
supply apparatus 40 and the gas pump and supply apparatus
46 can be operated as often as is necessary to rinse and dry,
respectively, the laparoscope lens 62 of the laparoscope 56
and maintain clarity of the surgical field as it is displayed on
the television monitor. It is understood that the apparatus can
be disposable, as desired.

Referring next to FIGS. 19 and 20 of the drawings, an
alternative illustrative embodiment of the laparoscopic lens
cleaner is generally indicated by reference numeral 71a. The
laparoscopic lens cleaner 71a may have a design which is
similar to that of the laparoscopic lens cleaner 71 which was
heretofore described with respect to FIGS. 14-18, except
spacer rings 92 replace the respective spacer stud sets 91 of
spacer studs 90 in the gas flow space 88 of the cleaner sheath
72. Each spacer ring 92 may be a resilient material such as
rubber or plastic, for example, and has an annular spacer ring
body 93. A central ring opening 95 extends through the spacer
ring body 93. Multiple gas openings 94 extend through the
spacer ring body 93 of each spacer ring 92 in spaced-apart
relationship with respect to each other around the central ring
opening 95. As illustrated in FIG. 19, the longitudinal axis of
each gas opening 94 may be disposed in generally parallel
relationship with respect to the longitudinal axis of the
cleanersheath 72. Accordingly, in use of the laparoscopic lens
cleaner 71a, the lens shaft 61 (illustrated in phantom) of the
laparoscope 56 is extended through the ring opening 95 of
each spacer ring 92, as illustrated in FIGS. 19 and 20. The
spacer ring body 93 of each spacer ring 92 maintains the gas
flow annulus 86 between the exterior surface of the lens shaft
61 of the laparoscope 56 and the interior surface of the sheath
wall 73 of the cleaner sheath 72.

Referring next to FIGS. 21-23 of the drawings, another
alternative illustrative embodiment of the laparoscopic lens
cleaner is generally indicated by reference numeral 715. The
laparoscopic lens cleaner 715 is adapted for use in conjunc-
tion with a laparoscope 56 having a tapered or angled laparo-
scope lens 62. Accordingly, as illustrated in FIG. 21, the
sheath wall 73 of the cleaner sheath 72 may have a tapered or
angled distal end 76 which may generally match the taper or
angle of the laparoscope lens 62 of the laparoscope 56. A fluid
conduit 78a is provided in the gas flow space 88. The fluid
conduit 78« includes a generally elongated fluid distribution
segment 79 which may be disposed along the interior surface
of the sheath wall 73, as illustrated in FIG. 21. A fluid dis-
charge nozzle 80a terminates the fluid distribution segment
79. As illustrated in FIG. 23, the fluid discharge nozzle 80a
may include an end portion 100 which faces the tapered distal
end 76 of the cleaner sheath 72 and a discharge portion 101
which is disposed at an acute angle with respect to the end
portion 100. At least one fluid discharge opening 102 is pro-
vided in the discharge portion 101. When the laparoscope 56
is inserted in the gas flow space 88 in the sheath interior 74 of
the cleaner sheath 72, the spacer studs 90 (FIG. 22) engage the
lens shaft 61 of the laparoscope 56 and maintain the gas flow
annulus 86 between the interior surface of the sheath wall 73
and the exterior surface of the lens shaft 61. Alternatively, the
spacer rings 92 (FIGS. 19 and 20) may be provided in the
sheath interior 74 in place of the spacer studs 90, in which
case the lens shaft 61 extends through the ring opening 95 of
each spacer ring 92. As illustrated in FIGS. 21 and 23, the
fluid discharge opening or openings 102 in the fluid discharge
nozzle 80qa is/are directed toward the tapered or angled lap-
aroscope lens 62 of the laparoscope 56. Accordingly, in
operation of the laparoscopic lens cleaner 715, as illustrated
in FIG. 23, the cleaning fluid 50 is distributed through the
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fluid distribution segment 79 and then discharged through the
fluid openings 102 of the fluid discharge nozzle 80a and
against the laparoscopic lens 62 of the laparoscope 56,
respectively. Drying gas 52 is distributed through the gas flow
annulus 86 toward the distal end 76 of the cleaner sheath 72
and contacts and dries the laparoscope lens 62.

While the preferred embodiments have been described
above, it will be recognized and understood that various
modifications can be made and the appended claims are
intended to cover all such modifications which may fall
within the spirit and scope of the invention.

Having described my disclosure with the particularity set

forth above, I claim:

1. A laparoscopic lens cleaner comprising:

a generally elongated, tubular cleaner sheath having a
sheath wall and a sheath interior defined by said sheath
wall;

a fluid conduit carried by said cleaner sheath;

a fluid discharge nozzle communicating with said fluid
conduit and extending into said sheath interior;

a fluid connecting conduit communicating with said fluid
conduit and extending from said cleaner sheath;
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a gas space occupying substantially a remaining volume in
said sheath interior of said cleaner sheath and extending
along respective sides of said fluid conduit;

a gas connecting conduit communicating with said gas
space and extending from said cleaner sheath; and

a plurality of spacer studs provided in said sheath interior
of said cleaner sheath.

2. The laparoscopic lens cleaner of claim 1 wherein sad
cleaner sheath comprises a generally tubular sheath wall
defining said sheath interior and wherein said fluid conduit
extends within and along said sheath wall.

3. The laparoscopic lens cleaner of claim 1 wherein said
plurality of spacer studs comprises four spacer studs carried
by said cleaner sheath in equally spaced-apart relationship
with respect to each other and extending into said sheath
interior.

4. The laparoscopic lens cleaner of claim 1 further com-
prising a spring-biased attachment clip carried by said cleaner
sheath.

5. The laparoscopic lens cleaner of claim 1 further com-
prising a ring gasket carried by said cleaner sheath.
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