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[57] ABSTRACT

A video endoscope is provided which has an inner
cylindrical tody member containing the optics and
electronics in a manner which is impervious to liquid so
that the inner member can be soaked in a disinfectant
between uses. An outer rigid cylindrical sheath 1s pro-
vided into which the inner member is inserted during an
operation. This outer sheath is [heat] sterilizable and
therefore is in a sterile condition at the time of use. The
inner body releasably locks into the outer sheath. The
outer sheath also includes an accordion shaped sleeve at
the proximate end which can be drawn down around
the trailing cables containing the optics and electronics
so that the entire endoscope is sterile for use within the
operating room. After use, the inner body member can
be removed and the outer sheath can be disposed of or
it can be resterilized by heat for use at a subsequent
time. Any containments from the body of the patient
will be removed with the outer sheath and kept com-
pletely separated from the inner body member so that
there can be no transmittal of containments from the
body of one patient to that of a subsequent patient.

13 Claims, 2 Drawing Sheets
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RIGID VIDEO ENDOSCOPE WITH [HEAT]
STERILIZABLE SHEATH

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion: matter printed in italics indicates the additions made

by reissue.

TECHNICAL FIELD

This invention relates to a video endoscope and more
particularly to such an endoscope having a moisture
tight inner cylindrical body containing electronics and
optics which can be disinfected by soaking and an outer
rigid sterilizable sheath for containing and covering the
inner body during an operation, the outer sheath being
sterilized by heat and having a sterilizable sleeve for
extending over the trailing cable containing the elec-
tronic and optic fibers. ‘

BACKGROUND ART

Over the years many developments have been made
in the endoscope art. Particularly, these developments
have been attempts to provide endoscopes which will
serve a variety of functions and which are maintained in

a sterile condition during use.
Ersek et al. U.S. Pat. Nos. 3,794,091 and 3,809,072

each disclose a flexible sheath which is sterile at the
time of manufacture and can be rolled up onto an endo-
scope to provide sterility. However, there is no seal at
the proximate end of the sheath and therefore bacteria
can enter between the endoscope and sheath and there
is no provision for maintaining the distal end of the
endoscope in a sterile or protected condition.

Russel U.S. Pat. No. 3,866,601 discloses a speculum in
which a penetrating tube slidably receives a guide tube
and is surrounded by a flexible sheath.

Ibe U.S. Pat. No. 4,132,227 discloses an endoscope
surrounded by a hollow cylindrical sheath extending
toward but not to the distal end of the endoscope In
order to create a fluid channel in the space between the
sheath and the endoscope.

Smith U.S. Pat. No. 4,201,199 discloses an endoscope
surrounded by a rigid glass or plastic tube having an
enlarged bulb at its distal end to space tissue away from
the viewing window of the endoscope. The window is
formed at an angle to provide viewing of a site offset
from the axis of the endoscope.

Yoon U.S. Pat. No. 4,254,762 discloses an endoscope
surrounded by a sheath having a transparent lens at its
distal end. The sheath may be at least partially open at
its distal end for use with endoscopes having biopsy
channels.

Hampson U.S. Pat. No. 4,327,733 discloses a catheter
surrounded by a transparent, collapsible sieeve through
which the catheter projects at its distal end.

Silverstein et al. U.S. Pat. No. 4,646,722 discloses
another endoscope having a sterile flexible sheath
which can be rolled up along the endoscope. A channel
is provided between the endoscope and sheath through
which biopsies can be taken. The sheath is not sealed at
the upper end and will not maintain the sterility which
is required within an operating room.

D’Amelio U.S. Pat. No. 4,721,097 discloses another
flexible sheath for use on an endoscope which has no
seal at the upper end and does not provide the stenlity
required in an operating room.
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Sidall et al. U.S. Pat. No. 4,741,326 discloses a further
flexible sheath which is rolled up along the endoscope
and does not provide sterility or protection of the entire
endoscopic device.

Brown British Patent No. 1,405,025 discloses a proc-
toscope surrounded by a concentric tube for providing
a fluid channel.

DISCLOSURE OF THE INVENTION

In accordance with the present invention, a rigid
video endoscope is provided which comprises an inner
cylindrical body member having a distal end and a prox-
imate end. A light transmitting element is sealed to the
distal end of the body member. An image sensor 1S
mounted against the light transmitting element within
the body member. An electronic cable within the body
member has a distal end connected to the image sensor
and a proximate end extending beyond the proximate
end of the body member and connectable to & video
control unit. At least one fiber optic bundle for light
transmission is provided within the body member and
has a distal end adjacent the light transmitting element
and a proximate end extending beyond the proximate
end of the body member and connectable to a xenon,
halogen or incandescent light source. A strain relief
fixture is sealingly attached to the proximate end of the
body member with the electronic cable and jacketed
fiber optic bundle extending therethrough and sealed to
the fixture. An outer rigid cylindrical heat sterilizable
sheath, having a distal end and a proximate end, is pro-
vided for receiving the inner body member and is of
substantially the same lerigth as the body member. A
window is sealed to the distal end of the sheath. An
accordion-folded, heat sterilizable, cylindrical sleeve 1s
mounted adjacent the proximate end of the sheath and 1s
extendable along the electronic cable and the optical
bundle for a substantial distance to maintain sterility of
the video endoscope within the sterile field of the oper-
ating room. Means is provided for releasably locking
the body member within the sheath. '

A tab can be provided on the sleeve for extending it
electronic cable and fiber optic bundle. A
releasable locking means can include a bayonet slot at
the proximate end of the sheath and a pin at the proxi-
mate end of the body member which is releasably en-
gageable with the bayonet slot. If desired, the window
can be a prism for viewing at an angle to the longitudi-
nal axis of the endoscope.

In one embodiment the body member i1s concentri-
cally aligned with the sheath. In another embodiment
the body member is eccentrically mounted within the
sheath. In this later arrangement the window has aper-
tures therein and channels within the sheath corre-
sponding in number to the apertures to provide access
to the site under investigation. These channels can be
used for providing gas or a steerable device can be
inserted through one of them to carry out a procedure,
such as taking a biopsy at the site. It also could provide
a channel for a laser fiber. The body member may be
backed filled with nitrogen under pressure to minimize
the possibility of any liquids entering into that device.

With .this arrangement, the inner cylindrical body
member contains all of the optics and electronics and
can be disinfected by soaking it in a disinfecting solu-
tion. However, disinfecting is not sterilization and
therefore is generally not acceptable for use within the
operating room. It particularly 1s not acceptable in open
surgical procedures and in orthopedic surgery and neu-
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rosurgery. Thus, the rigid sterilizable sheath on the
exterior can be properly sterilized by heat treatment and
then slipped over the inner cylindrical body. The accor-
dion-folded sleeve on the sheath can be extended along
the optical bundle and electronic cable for a sufficient
distance to provide a sterile barrier between them and
the operating site. This outer sheath can be made of
disposable material or it can be resterilized for subse-
quent usage. Thus, all portions of the device which
come in contact with the patient can be sterilized even
though the associated electronics and optics cannot be
sterilized. After use, any contaminates from the pa-
tent’s body will be removed with the outer sheath and
not contact the inner body member. Thus, the contami-
nation cannot to transmitted to the next patient since the
body member will be inserted in another sterile sheath.

The term “light transmitting element” as used herein
is intended to include any type of light transmitting
device which may have any one or several optical quali-
ties. For example, it may simply be a transparent panel
made of glass, plastic or sapphire. On the other hand, it
may comprise one or more lenses for magnification or
to increase the field of view. It can include a series of
adjustable lenses to provide variable magnification and
SCTVE 88 & mICroscope.

Additional advantages of this invention will become
apparent from the description follows, taken in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a perspective view of the inner cylindrical
body member which forms a part of the video endo-
scope of this invention;

FIG. 2 is a perspective view of the outer cylindrical
heat sterilizable sheath which forms the other part of
the video endoscope of this invention:

FI1G. 3 is a condensed, longitudinal section, taken
along line 3—3 of FIG. 1, showing the internal details of ¥
the cylindrical body member:;

FIG. 4is an enlarged vertical section, taken along line
4—4 of FIG. 3, showing the arrangement of the image
sensor and optical fiber bundles:

FIG. §is an enlarged vertical section, taken along line
5—38 of FIG. 3, showing the position of the electronic
cable and the fiber optic bundles within the body mem-
ber;

FIG. 6 is a condensed longitudinal section, taken 50
along line 6—6 of the FIG. 2, showing further details of
the heat sterilizable sheath:

FIG. 7 is a condensed longitudinal section, showing
the cylindrical body member positioned within the heat
sterilizable sheath;

FIG. 8 is a fragmentary perspective view of an alter-
native video endoscope;

F1G. 9 s an enlarged vertical section, taken along line
9—9 of FIG. 8, showing the arrangement of the body
member within the sheath and the positioning of the gas
channels;

FIG. 10 is a fragmentary perspective view, similar to
FIG. 8, but showing a passageway for use with a steer-
able device; and

FI1G. 11 is a fragmentary section of an alternative
construction wherein the window of the sheath is in the
form of a prism.
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BEST MODE FOR CARRYING OUT THE
INVENTION

In accordance with this invention a video endoscope
is provided which has an inner body member B, shown
in FIGS. 1 and 3, for containing the optics and
electronics for the endoscope and an outer rigid, [heat}
sterilizable sheath S for receiving the body member and
providing a sterile outer casing for coming in contact
with the patient and for extending over the connecting
cables to provide a sterile environment for the operative
procedure on the patient.

The inner body member M has a cylindrical housing
10 provided at its distal end with a light transmitting
device 12 which is sealably attached thereto to mini-
mize the possibility of any fluids entering at this loca-
tion. An image sensor 14, such as a CCD is mounted on
the inside of light transmitting device 12 for receiving
light transmitted through the window at the investiga-
tive site, such as within a body cavity. The Image Sensor
also may be a CCD, CID, CPD or [MDS] MOS de-
vice, depending upon application. This CCD may be on
the order of 1.0 mm X 1.0 mm. A typical laproscope is
0.8 cm to 1.2 cm in diameter and would utilize a corre-
spondingly larger CCD device, a typical arthroscope is
4.0 mm in diameter and would utilize a much smaller
CCD sensor. The window may include optics to focus
an image on the CCD and provide a focal length of 0.5
¢m to 15 cm, depending on the intended use of the
endoscope. Field of view may be altered by the use of
different lenses and may range from 15° to 140° or more.
An electronic cable 16 has a distal end connected to the
image sensor 14 and runs longitudinally through hous-
ing 10, as shown in FIG. 3.

Conveniently, optical fiber bundles 18 have distal
ends positioned adjacent light transmitting element 12
and spaced around image sensor 14. The exact number
of optical fiber bundles and type of fiber will depend
upon the particular usage of the endoscope. Four such
optical fiber bundles have been shown in the drawings,
one being positioned on each of the four sides of image
sensor 14. However, a greater or smaller number could
be provided, as required. The number of optical fiber
bundles may be optimized to allow transmission of vari-
ous light frequencies, including laser light. These opti-
cal fiber bundles 18 also run through housing 10 and
pass through a strain relief fixture 20 which seals the
proximate end of housing 10. This fixture is also sealed
around these cables and extend beyond the fixture
through the center of a connecting cable 22 whose
opposite end is connected to a video processing unit 24
having a suitable viewing screen (not shown) and light
sources (not shown) as required and as is apparent to
one skilled in the art. The cylindrical housing is com-
pletely sealed against the entry of moisture by window
12 and fixture 20. It also may be backfilled with nitro-
gen gas under pressure to help keep moisture out. Afier
each use, it can be soaked in a disinfectant, such as
gluleraldehyde or Chlorox.

Conveniently, the distal end of housing 10 is provided
with oppositely extending pins 26 for connection to a
bayonet slot on sheath § as described below. Also, an
O-ring 28 is provided for forming a seal with outer
sheath S, as described below. The seal could also be a
threaded seal, with a threaded collar on the outer unit
fitting into a threaded collar in the inner unit.

Sheath S comprises a cylindrical housing 30 which
has a window 32 at its distal end and a bayonet siot 34
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at its proximate end for cooperating with pins 26 to lock
inner body member B within outer sheath S. Advanta-
geously, an accordion-folded sleeve 36 is provided adja-
cent the proximate end of housing 30 and has a flange 38
attached to housing 30, as by adhesive and includes a
pull tab 40 for extending the sleeve over strain relief
fixture 20 and connecting cable 22 as best seen FIG. 7.
These parts can be made of Teflon or other matenals
which can withstand high sterilization temperatures.
The window can be made of glass or sapphire or poly-
carbonate which can stand the sterilization heat or
other materials which are clear and withstand high
temperatures of heat sterilization.

Referring to FIG. 7, it can be seen that when the
endoscope is ready for use, the inner body member 18
locked within outer sheath S and light transmitting
element 14 thereof is adjacent window 32 of the sheath.
Thus, the inner body member is completely encased in
the sterile outer sheath. Furthermore, the sterile sleeve
36 extends over the strain relief fixture and connecting
cable to provide a completely sterile endoscope in the
operating room and particularly at the site at which the
operation or medical procedure is being conducted.

After use, the inner body member can be removed
from the outer sheath S and sleeve 36 by twisting it
slightly to release pins 26 from bayonet slot 34 where-
upon it can be withdrawn. The outer sheath and sleeve
36 can be thrown away or it can be heated to a sufficient
temperature and pressure for sterilization.

Also, it will be apparent that any contamination from
the body of the patient which may repose on the outer
sheath or the sleeve will be stripped away from the
inner body member along with the outer sheath and
therefore not be transmitted to the body member. The
inner body member can then be soaked in a disinfectant
and reinserted in another sterile outer sheath and sleeve
for use on a subsequent operation. Obviously, a supply
of the relatively inexpensive outer sheath and sleeve
assemblies can be maintained so that the inner body
member can be quickly made ready for a subsequent
operation. The video endoscope of this invention can be
used as a laparoscope, cystoscope, arthroscope, and for
pelviscopy. With suitable optics, it could be used as a
sterile operating microscope.

An alternative embodiment is shown in FIGS. 8-11
wherein a larger outer sheath §' is provided around
inner body member B. This sheath S’ has a cylindrical
housing 30, with a lens 32, at the distal end and a sleeve
36, at the proximate end attached by means of a flange
38, The additional space is occupied by one Or more
tubes or channels, such as tubes 42 and 44 for supplying
gas or fluids to the site under investigation. Conve-
niently, these tubes have control valves 46 and 48 re-
spectively for controlling the flow of the gases and to
prevent gas leakage during a procedure. The gas can be
carbon dioxide which may be provided for the purpose
of clearing and distending the site under investigation
for better viewing. Also, a vacuum could be applied
through one of the channels for aspiration of unwanted
material from the viewing site. Conveniently, the distal
ends of these tubes are connected to apertures 30 and
82, respectively in window 32'. These channels or tubes
can be used for insertion of laser fibers, biopsy devices,
grasping devices, etc.

In FIG. 10 the same device is shown for use with a
steerable device. In this case, a channel or tube 54 is
provided which enters through housing wall 30 and
extends longitudinally therealong and through aperture
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£2 Within this tube 54 is a steerable device, such as a
biopsy sampling device 56 which is operated by a joy
stick 58, as shown.

Finally, a further alternative embodiment is shown in
FIG. 11 wherein the outer sheath S is provided with a
prism 60 in place of the front window 32 so that the
device can be used to view at any suitable angle to the
longitudinal axis of the endoscope. The image sensor
may be placed at various angles to the longitudinal axis
of the tubular housing, for instance at 30°, 45°,0r90°. In
this variation, the window in the [heat ] sterilizable
sheath would be placed at a corresponding angle 10
match the orientation of the sensor. |

From the foregoing, the advantages of this invention
are readily apparent. An endoscope has been provided
which is formed in two parts, an inner body member
and an outer sheath. The inner body member contains
all of the optics and electronics and is sealed against
moisture so that it can be soaked in a disinfectant be-
tween usages. However, in most situations such disin-
fecting is not sufficient for safe subsequent usc in the
operating room. Therefore, an outer sheath is provided
which can be heat sterilized prior to use and can be
slipped over the inner body member and releasably
locked thereto to provide an outer sterile covering. The
outer sheath includes an accordion shaped sleeve at the
proximate end which can be extended over the trailing
cables of the inner member which contain the optical
fibers and electronic cables to provide a sterile COVermg
so that the device can be used in the operating room at
the operating site. After use, the inner body member can
be removed from the outer sheath and the sheath can
either be thrown away or resterilized. Also, any con-
tamination from the body of the patient will be removed
with the outer sheath and will not come in contact with
the inner body member, thereby minimizing any trans-
mittal of disease from one patient to the next.

This invention has been described in detail with refer-
ence to particular embodiments thereof, but it will be
understood that various other modifications can be
effected within the spirit and scope of this invention.

I claim:

1. A rigid video endoscope comprising:

an inner cylindrical body member having a distal end

and a proximate end;

a light transmitting element sealed to said distal end

of said body member;

an image sensor mounted against said element within

said body member;

an electronic cable within said body member, having

a distal end connected to said image sensor and a
proximate end extending beyond said proximate
end of said body member and connectable to a
video processing unit;

at least one fiber optic bundle within said body mem-

ber, having a distal end adjacent said element and a
proximate end extending beyond said proximate
end of said body member and connectable to the
video processing unit;

a strain relief fixture sealingly attached to said proxi-

mate end of said body member, said electronic
" cable and said fiber optic bundle extending through
said fixture, said fixture being sealed thereto,

an outer cylindrical [heat] sterilizable sheath, hav-

ing a distal end and a proximate end, for receiving
said inner body member and being of substantially
the same length as said body member;

a window sealed to said distal end of said sleeve;



Re. 33,854

7

an accordion-folded, [heat] sterilizable, cylindrical
sleeve mounted adjacent said proximate end of said
sheath and extendable along said electronic cable
and said optical bundle for a substantial distance for
maintaining sterility of said video endoscope
within an operating room; and

means for releasably locking said body member
within said sheath.

2. Apparatus, as claimed in claim 1, further including:

65

8

end communicating with said aperture to provide
access to a site under investigation.

10. Apparatus, as claimed in claim 9, wherein:

said aperture defining means defines a plurality of
apertures,

a plurality of channels are provided within said shea-
th[is] ; each having a distal end communicating
respectively with one of said apertures:

means supplying a gas through at least one of said

a tab on said sleeve for extending it along said elec- 10 channels; and | | _
tronic cable and said fiber optic bundle. valve means connected to tah prft;xunat; portion of said
3. Apparatus, as claimed in claim 1, wherein said one channel to control the flow of gas. _
rejeasable lockin e , 11. Apparatus, as claimed in claim 1, wherein:
g means includes: ble device is inserted through one of said
a bayonet slot at said proximate end of said sheath; a steerable device s Set on sal
and 15 qthcr chanpcls fc_:r carrying out a procedure at the
a pin at said proximate end of said body member , ;fp‘:‘a‘;‘::u‘s“f:ﬂ;‘;g' in claim 1. wherein
\;'l:wh 1s releasably engageable with said bayonet said body member is backfilled with nitrogen under
¢ Ap, laimed in claim 1, wherein: pressire -
- /\PPAratus, as claim 'n clalm 1, wherein: 20 13. A [heat] sterilizable sheath for an endoscope
said window is a prism for viewing at an angle to the having a cylindrical body portion which contains
longitudinal axis of said endoscope. | within it an image sensor, an electronic cable connected
5. Apparatus, as claimed in claim 1, wherein. to the sensor and at least one optical fiber bundle, said
said hight transmitting means includes optics for mag- sheath comprising:
nifying an image. _ . , , 25  acylindrical housing, having a distal end and a proxi-
6. Apparatus, as claimed in claim 1, wherein: mate end, for receiving the body portion of said
said light transmitting means includes optics for endoscope:
changing the field of view. _ a light transmitting element sealed to said distal end
7- Apparatus, as claimed in claim 1, wherein: o of said sleeve for transmitting a light image of the
said *body member is concentrically aligned within 3 site under investigation to the image sensor;
said sheath. | o | an accordion-folded, [heat] sterilizable, cylindrical
8. Apparatus, as claimed in clfllm 1, wherein: o sleeve mounted adjacent said proximate end of said
said body member is eccentrically mounted within sheath and extendable along said electronic cable
said sheath. and said optical bundle for a substantial distance to
9. Apparatus, as claimed in claim 8, further including: 35 maintain sterility of said endoscope within an oper-
means defining at least one aperture in said window: ating room; and
and means for releasably locking said distal ends of said
at least one channel within said sheath between said body and said housing together.
sheath and said body member and having a distal * * &
40
45
30
35
60
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