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Description

TECHNICAL FIELD

[0001] The present disclosure relates to medical in-
strumentation. More particularly, the present disclosure
relates to a colpotomy system including a navigation sys-
tem for determining a distance between two surgical in-
struments.

BACKGROUND OF RELATED ART

[0002] A uterine manipulator is used by practitioners
for many laparoscopic procedures involving the female
pelvic organs (e.g., uterus, tubes, ovaries, etc.) as sur-
gery without a uterine manipulator may be more time
consuming. For example, laparoscopies in which a uter-
ine manipulator has substantial utility include tubal liga-
tions, diagnostic laparoscopies for evaluating pelvic pain
and infertility, treatment of endometriosis, removal of pel-
vic scars (adhesions) involving the uterus, fallopian tubes
and ovaries, etc.

[0003] Most state of the art manipulators are semi-rigid
instruments having a manipulating handle thatis grasped
outside the vagina and a working end which operatively
engagestissueinthe uterus. Exposure ofthe vital regions
of the pelvis is difficult and surgery with open or laparo-
scopic instruments is often difficult and, in some cases,
suboptimal. For example, the uterus typically can only
be safely elevated about 45 degrees from the vaginal
axis, orlowered 10-15 degrees from the same and move-
ment to the right or left is minimal, at most, due to the
pelvic bones. Once the uterine organ is repositioned into
a desired location, the surgeon can perform one of the
above mentioned surgical procedures.

[0004] One potential complication of any surgical pro-
cedure involving the uterus, e.g., partial or complete hys-
terectomy, is the risk of persistent and excessive bleed-
ing due to the large blood supply in the pelvic region and
blood-laden organs. For example, the open technique
carries increased risk of hemorrhage due to the need to
move the intestinal organs and bladder in order to reach
the reproductive organs and to search for collateral dam-
age from endometriosis or cancer. However, an open
hysterectomy provides the most effective way to ensure
complete removal of the reproductive system, as well as
providing a wide opening for visual inspection of the ab-
dominal cavity.

[0005] Some hysterectomies are done through the ma-
nipulation of the cervix and/or uterus utilizing a uterine
manipulator and resection of the cervix (total hysterec-
tomy) or uterus (supracervical) utilizing one or more
laparoscopic instruments inserted through the navel (or
other body access made with a trocar). Even though
these techniques tend to reduce the recovery time in most
instances, the risk of bleeding still remains US
2015/351621 A1 discloses a colpotomy system compris-
ing a surgical instrument having a cutting element at a
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distal end and a uterine instrument having a handle op-
erably coupled to a shaft, the shaft extending through a
retaining member to access a surgical site, the retaining
member including a plurality of LED’s to indicate the po-
sition.

SUMMARY

[0006] The presentinventionis defined inindependent
claim 1 and certain optional features thereof are defined
inthe dependentclaims. In sofar as the terms "invention",
"example", "aspect”, and "embodiment" are used herein,
this will be interpreted in such a way that the only pro-
tection soughtis for the invention as claimed. The present
disclosure relates to a uterine instrument including a first
handle portion, a second handle portion, a first shaft op-
erably coupled to the first handle portion, the first shaft
having a first balloon positioned at a distal end thereof,
and a second shaft operably coupled to the second han-
dle portion, the second shaft having a second balloon
positioned at a distal end thereof. The uterine instrument
furtherincludes aretaining member configured to engage
the second balloon of the second shaft, the first shaft
configured to extend through the second shaft and the
retaining member to access a surgical site. The retaining
member includes a plurality of transmitters for transmit-
ting at least one signal.

[0007] Indisclosed embodiments, the first handle por-
tion is a movable handle and the second handle portion
is a stationary handle.

[0008] Indisclosed embodiments, inoperation, the first
balloon is inflated to retain the first shaft in a uterus and
the second balloon is inflated to seal an abdominal cavity.
[0009] In disclosed embodiments, the retaining mem-
ber is a colpotomy cup.

[0010] In disclosed embodiments, the retaining mem-
ber has a proximal ring and a distal ring, the proximal
ring having a plurality of posts for supporting the distal
ring. A transmitter of the plurality of transmitters is incor-
porated within the distal ring.

[0011] Indisclosed embodiments, the at least one sig-
nal is a single frequency sound wave or radio wave or
electromagnetic wave.

[0012] In disclosed embodiments, the uterine instru-
ment is operated in tandem with a surgical instrument
having at least one receiver for receiving the atleast one
signal emitted from the plurality of transmitters. The re-
ceiver is positioned at a distal end of the surgical instru-
ment, the distal end further including a cutting element.
[0013] Indisclosed embodiments, a distance between
the cutting element of the surgical instrument and a distal
ring of the retaining member is calculated by a processor.
[0014] In disclosed embodiments, if the distance ex-
ceeds a predetermined threshold, a notification is relayed
to a user of the uterine instrument. Alternatively, if the
distance exceeds a predetermined threshold, the cutting
element is automatically deactivated.

[0015] The present disclosure relates to a colpotomy
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system including a surgical instrument having a cutting
element and a receiver at a distal end thereof and a uter-
ine instrument. The uterine instrument has a handle op-
erably coupled to a shaft having a balloon at a distal end
thereof, the shaft extending through a retaining member
to access a surgical site, the retaining member including
a plurality of transmitters for transmitting at least one sig-
nal. A distance between the cutting element of the sur-
gical instrument and one end of the retaining member of
the uterine instrument is calculated to determine whether
the cutting element is within a predetermined operating
zone.

[0016] The presentdisclosure further relates to an ex-
emplary method of accessing a surgical site. The method
includes introducing at the surgical site a surgical instru-
ment having a cutting element and a receiver at a distal
end thereof and introducing at the surgical site a uterine
instrument having a handle operably coupled to a shaft
having a balloon at a distal end thereof, the shaft extend-
ing through a retaining member to access a surgical site,
the retaining member including a plurality of transmitters
for transmitting at least one signal. The method further
includes calculating a distance between the cutting ele-
ment of the surgical instrument and one end of the re-
tainingmember of the uterine instrument and determining
whether the cutting element is within a predetermined
operating zone.

DESCRIPTION OF THE DRAWINGS

[0017] Theabove and other aspects, features, and ad-
vantages of the present disclosure will become more ap-
parent in light of the following detailed description when
taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a schematic representation of a uterine ma-
nipulator, in accordance with the embodiments of
the present disclosure;

FIG. 2 illustrates the uterine manipulator of FIG. 1
entering and being retained within the uterus, in ac-
cordance with the embodiments of the present dis-
closure;

FIG. 3 illustrates an enlarged view of the distal end
of the uterine manipulator of FIG. 1, in accordance
with the embodiments of the present disclosure;
FIG. 4 illustrates the retaining member of the uterine
manipulator of FIG. 1, in accordance with the em-
bodiments of the present disclosure;

FIG. 5 illustrates the area of detail of FIG. 4 showing
a transmitter embedded within the retaining member
of the uterine manipulator of FIG. 1, in accordance
with the embodiments of the present disclosure;
FIG. 6 illustrates the transmitter of FIG. 5, in accord-
ance with the embodiments of the present disclo-
sure;

FIG. 7 illustrates a surgical instrument including an
electro-cautery cutting element, in accordance with
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the embodiments of the present disclosure;

FIG. 8 illustrates an enlarged view of the distal end
of the surgical instrument including the electro-cau-
tery cutting element of FIG. 7, in accordance with
the embodiments of the present disclosure;

FIG. 9 illustrates an enlarged view of the actuation
elements of the surgical instrument including the
electro-cautery cutting element of FIG. 7, in accord-
ance with the embodiments of the present disclo-
sure;

FIG. 10illustrates the area of detail of FIG. 8 showing
an enlarged view of a receiver embedded within the
surgical instrumentincluding the electro-cautery cut-
ting element of FIG. 7, in accordance with the em-
bodiments of the present disclosure;

FIG. 11 illustrates the receiver, in accordance with
the embodiments of the present disclosure;

FIG. 12 illustrates a predetermined operating zone
of operation of the surgical instrument in cylindrical
coordinate system form, in accordance with the em-
bodiments of the present disclosure;

FIG. 13 illustrates, in cylindrical coordinate system
form, the electro-cautery cutting element of FIG. 7
being outside the predetermined operating zone of
operation, in accordance with the embodiments of
the present disclosure;

FIG. 14 illustrates a retaining member incorporating
a single inductive coil loop, as well as a tip of a sur-
gical cutting device approaching a distal ring of the
retaining member, in accordance with another em-
bodiment of the present disclosure;

FIG. 15 illustrates the single inductive coil loop used
in the retaining member of FIG. 14, in accordance
with embodiments of the present disclosure;

FIG. 16 illustrates a cross-sectional view of the distal
ring of the retaining member taken along line X-X of
FIG. 14, in accordance with embodiments of the
present disclosure;

FIG. 17 illustrates a retaining member incorporating
a series of inductive coil loops, as well as a tip of a
surgical cutting device approaching a distal ring of
the retaining member, in accordance with another
embodiment of the present disclosure;

FIG. 18 illustrates the series of inductive coil loops
used in the retaining member of FIG. 17, in accord-
ance with embodiments of the present disclosure;
and

FIG. 19 illustrates an inductive sensor that serves
as the inductive coil loops used in FIGS. 14 and 17,
in accordance with embodiments of the present dis-
closure.

DETAILED DESCRIPTION

[0018] Particular embodiments of the present disclo-
sure are described hereinbelow with reference to the ac-
companying drawings. However, it is to be understood
that the disclosed embodiments are merely exemplary
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of the disclosure and may be embodied in various forms.
Well-known functions or constructions are not described
in detail to avoid obscuring the present disclosure in un-
necessary detail. Therefore, specific structural and func-
tional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative basis for teaching one skilled in the art to
variously employ the present disclosure in virtually any
appropriately detailed structure. Like reference numerals
refer to similar or identical elements throughout the de-
scription of the figures.

[0019] As used herein, the term "distal" refers to that
portion of the instrument, or component thereof which is
farther from the user while the term "proximal" refers to
that portion of the instrument or component thereof which
is closer to the user.

[0020] Reference will now be made in detail to embod-
iments of the present disclosure. While certain exemplary
embodiments of the present disclosure will be described,
it will be understood that it is not intended to limit the
embodiments of the present disclosure to those de-
scribed embodiments. To the contrary, reference to em-
bodiments of the present disclosure is intended to cover
alternatives, modifications, and equivalents as may be
included within the scope of the embodiments of the
present disclosure as defined by the appended claims.
[0021] FIG. 1is aschematic representation of a uterine
manipulator 100, in accordance with the embodiments
of the present disclosure.

[0022] The uterine manipulator 100 includes a first
handle portion 10 and a second handle portion 20. The
first handle portion 10 is a movable handle and the sec-
ond handle portion 20 is a stationary handle. Thus, the
first handle portion 10 is movable relative to the second
handle portion 20. A first shaft 45 is operably coupled to
the first handle portion 10. The first shaft 45 has a first
balloon 40 positioned at a distal end thereof. A second
shaft 30 is operably coupled to the second handle portion
20. The second shaft 30 has a second balloon 50 posi-
tioned at a distal end thereof. The first shaft 45 and the
second shaft 30 may also be rotatable. A tube 25 with a
coupling provides a fluid pathway to inflate either or both
of first and second balloons 40, 50. The first and second
balloons 40, 50 may also be independently inflatable and
each balloon 40, 50 would have a separate tube attach-
able to a source of inflation fluid. A pressure source "PS"
may be coupled to the tube 25 and provide inflation fluid
under pressure to one or both balloons 40, 50. The infla-
tion fluid may be a liquid (e.g., sterile saline) or a gas
(e.g., COy,).

[0023] A retaining member 60 is configured to engage
the second balloon 50 of the second shaft 30. The re-
taining member 60 may be a colpotomy cup. The retain-
ing member 60 may be connected to a control box or
generator (not shown) via the cable 70. The first shaft 45
is configured to extend through the second shaft 30 and
through the retaining member 60 to access a surgical
site, as described below with reference to FIG. 2. The
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retaining member 60 may be a single use component of
the uterine manipulator 100.

[0024] FIG. 2illustrates the uterine manipulator 100 of
FIG. 1 entering and being retained within a uterus 200,
in accordance with the embodiments of the present dis-
closure.

[0025] In operation, a distal end of the uterine manip-
ulator 100 enters the opening 220 of the uterus 200. The
first balloon 40 is inflated within the cervical cavity 240
and the second balloon 50 is inflated within the vaginal
cavity 230. Thus, the first balloon 40 is inflated to retain
the first shaft 45 in the uterus 200 and the second balloon
50 is inflated to seal an abdominal cavity and provide a
substantially fluid-tight barrier.

[0026] FIG. 3 illustrates an enlarged view 300 of the
distal end of the uterine manipulator 100 of FIG. 1, in
accordance with the embodiments of the present disclo-
sure.

[0027] The enlarged view 300 illustrates the first shaft
45 extending through a central opening 450 (see FIG. 4)
of the retaining member 60. First and second balloons
40, 50 are shown in a deflated state.

[0028] FIG.4 illustrates the retaining member 60 of the
uterine manipulator 100 of FIG. 1, in accordance with the
embodiments of the present disclosure.

[0029] The retaining member 60 includes a proximal
ring 410 and a distal ring 440. The proximal ring 410 has
a plurality of posts 420 for supporting the distal ring 440.
Inone exemplary embodiment, there are three posts 420.
The retaining member 60 further includes a central open-
ing 450 forreceiving thefirstshaft45, as discussed above
with reference to FIG. 3. Alternatively, the proximal ring
410 may be a solid ring with no posts.

[0030] The distal ring 440 includes a plurality of trans-
mitters 430. In the exemplary embodiments there are 3
transmitters 430 embedded or incorporated within the
distal ring 440. Each transmitter 430 may be aligned with
a post 420. Each transmitter 430 may emit a single fre-
quency sound wave through a respective opening 435.
Of course, one skilled in the art may contemplate the
transmitters 430 transmitting other types of signals, such
as electromagnetic signals or radio signals. The trans-
mitters 430 may emit the same frequency or each trans-
mitter 430 may emit a unique frequency.

[0031] FIG. 5 is an enlarged view 500 illustrating the
area of detail of FIG. 4 showing a transmitter 430 em-
bedded or incorporated within the retaining member 60
of the uterine manipulator 100 of FIG. 1, in accordance
with the embodiments of the presentdisclosure, whereas
FIG. 6 illustrates the transmitter 430 of FIG. 5, in accord-
ance with the embodiments of the present disclosure.
[0032] The transmitter 430 has a body portion 610 with
a pair of electrical contacts 630, as well as a speaker
620. The pair of electrical contacts 630 are used to supply
power to generate, for example, the sound wave that is
emitted through speaker 620. Of course, one skilled in
the art may contemplate the transmitters 430 transmitting
other types of signals, such as electromagnetic signals
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or radio signals. The transmitter 430 is aligned with the
opening 435 of the distal ring 440. The transmitter 430
is also aligned with the posts 420 of the retaining member
60. Even though the exemplary embodiments refer to
three transmitters 430, one skilled in the art may contem-
plate any number of transmitters 430 embedded or in-
corporated within the distal ring 440 or any other portion
or portions of the retaining member 60.

[0033] FIG. 7 illustrates a surgical instrument 700 in-
cluding an electro-cautery cutting and sealing element
742, in accordance with the embodiments of the present
disclosure, whereas FIG. 8 illustrates an enlarged view
of the distal tip 740 of the surgical instrument 700 includ-
ing the electro-cautery cutting element of FIG. 7, in ac-
cordance with the embodiments of the present disclo-
sure.

[0034] The surgical instrument 700 may be an electro-
cautery knife including a housing 710. One end of the
housing 710 is connected to a cable 720, which is con-
nected to a generator 725. The other end of the housing
710 is connected to a shaft 730 having a tip 740. The tip
740 includes an opening 732 within which is housed the
receiver 750. The tip further includes a cutting and sealing
element 742, such as a knife, secured to the shaft 730
by an insulator 744. The receiver 750 is positioned at a
distal end of the surgical instrument 700, the distal end
further including the cutting and sealing element 742. In
operation, the surgical instrument 700 is used to both
dissect tissue and to cauterize blood vessels. Thus, the
surgical instrument 700 relies on high-voltage, high-fre-
quency electrical signals of various waveforms to selec-
tively sever, clamp or coagulate living tissue during sur-
gical procedures.

[0035] FIG. 9 illustrates an enlarged view of the actu-
ation elements of the surgical instrument 700 including
the electro-cautery cutting element of FIG. 7, in accord-
ance with the embodiments of the present disclosure.
[0036] The housing 710 includes several actuation el-
ements or mechanisms. Actuation mechanism 770 is a
rocker type actuator for allowing a user to select between,
for example, coagulation and cutting modes. Actuation
mechanism 780 activates the "navigation mode," as de-
scribed below with reference to FIGS. 12 and 13. Indica-
tors 760 may be LED lights indicating whether the tip 740
of the surgical instrument 700 is within a predetermined
operating zone 1200, as defined below with reference to
FIGS. 12-13. When the tip 740 of the surgical instrument
700 is within the predetermined operating zone 1200, the
indicators 760 may turn green, whereas when the tip 740
of the surgical instrument 700 is outside the predeter-
mined operating zone 1200, the indicators 760 may turn
red. Of course, it is possible to have further colors, such
as yellow and orange, for example, as the tip 740 of the
surgical instrument 700 approaches the boundary of the
operating zone 1200. Additionally, at least one transmit-
ter of the plurality of transmitters 430 may be triggered
when the tip 740 of the surgical instrument 700 approach-
es or enters the predetermined operating zone 1200.
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[0037] FIG. 10 illustrates the area of detail of FIG. 8
showing an enlarged view 1000 of a receiver 750 em-
bedded within the surgical instrument 700 including the
electro-cautery cutting element of FIG. 7, in accordance
with the embodiments of the presentdisclosure, whereas
FIG. 11 illustrates the receiver 750, in accordance with
the embodiments of the present disclosure.

[0038] The enlarged view 1000 depicts the receiver
750 resting within the shaft 730 of the surgical instrument
700, suchthatthe receiver 750is aligned with the opening
732 of the shaft 730. The receiver 750 is configured to
communicate with the transmitter 430 of the retaining
member 60, as described below with reference to FIGS.
12 and 13.

[0039] FIG. 12 illustrates a predetermined operating
zone 1200 for the surgical instrument 700 including the
electro-cautery cutting and sealing element 742 of FIG.
7, in cylindrical coordinate system form, in accordance
with the embodiments of the presentdisclosure, whereas
FIG. 13 illustrates, in cylindrical coordinate system form,
the electro-cautery cutting and sealing element 742 of
FIG. 7 being in a region 1300 outside the predetermined
operating zone 1200, in accordance with the embodi-
ments of the present disclosure. The predetermined op-
erating zone may also be referred to as a safe zone.
[0040] Total Laparoscopic Hysterectomy (TLH) is a
minimally invasive procedure usually performed for be-
nign indications. The key part of the procedure is the
circular transection around the fundus of the cervix,
called colpotomy. It separates the uterus from the cervix.
Itis performed with the surgical instrument 700 including
the cutting and sealing element 742, which is inserted to
the surgical site through a surgical port. To present the
cervical fundus for transection, the surgeon commonly
uses the uterine manipulator 100 to reposition/manipu-
late the uterus.

[0041] Inoperation, and with reference to FIGS. 1 and
2, the uterine manipulator 100 is inserted through the
vagina and has a steerable and rotatable first shaft 45
with a first balloon 40 which anchors or secures to the
uterus and allows moving it upward, as well as rotating
it in a coronal plane. Proximal to the first balloon 40 is
the retaining member 60, or colpotomy cup, which rests
against the cervical fundus and pushes it up during the
surgical procedure. The retaining member 60 serves as
a guide during colpotomy. The cervical fundus is located
in proximity to several vital organs, including the bladder,
color, arteries, urethra, and ureter.

[0042] To improve the accuracy of instrument place-
ment during colpotomy, a navigation system is provided.
The navigation system determines a distance between
the retaining member 60 of the uterine manipulator 100
and the tip 740 of the cutting and sealing element 742 of
the surgical instrument 700. Thus, the uterine instrument
100 is operated in tandem with the surgical instrument
700 having the receiver 750 for receiving the at least one
signal emitted from the plurality of transmitters 430 of the
retaining member 60.
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[0043] A distance between the cutting and sealing el-
ement 742 of the surgical instrument 700 and the distal
ring 440 of the retaining member 60 is calculated by a
processor (not shown). If the distance exceeds a prede-
termined threshold, a notification may be relayed to a
user of the uterine instrument 100. Alternatively, if the
distance exceeds a predetermined threshold, the cutting
and sealing element 742 may be automatically deacti-
vated by the processor. In other words, a distance be-
tween the cutting and sealing element 742 of the surgical
instrument 700 and one end of the retaining member 60
of the uterine instrument 100 is calculated to determine
whether the cutting and sealing element 742 is within the
predetermined operating zone 1200.

[0044] Therefore, the transmitters 430 located on or
within the distal ring 440 of the retaining member 60 com-
municate with the receiver 750 located at the distal end
ofthe surgical instrument 700. Sonic signals may be emit-
ted by the transmitters 430 that are received by the re-
ceiver 750. Of course, one skilled in the art may contem-
plate other types of signals, such as electro-magnetic
signals or radio signals. A processor associated with the
receiver 750 calculates the distance between each trans-
mitter 430 and the tip 740 having the cutting and sealing
element 742 of surgical instrument 700. After calculating
such distance, the processor calculates whether the tip
740 having the cutting and sealing element 742 is within
the predetermined operating zone 1200 (FIG. 12). This
information is then passed on, in real-time, during the
surgery, to the surgeon to disable the cutting and sealing
element 742 if it is outside the predetermined operating
zone 1200.

[0045] The predetermined operating zone 1200 is de-
picted in cylindrical coordinate form in FIG. 12. The pre-
determined operating zone 1200 may have the shape of
a circle or ellipse or toroid or donut or cylinder concentric
with the distal ring 440 of the retaining member 60, as
shown in FIG. 4. The donut-shaped or cylinder-shaped
predetermined operating zone 1200 may have a radius
R. If the tip 740 having the knife 742 is in the predeter-
mined operating zone 1200, then the following conditions
are satisfied:

Ri <Rk <R,

Z21<Zk< 72

for: 0° <t <360°

where Ry, z, t are the coordinates of the cutting tip
K of the electro-cautery instrument in the cylindrical
coordinate system, and

where R4, Ry, 24, z, are the limits of the allowable
donut shape zone around the colpotomy cup ring
(r=R, z=0) where a safe transaction can be per-
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formed.

[0046] In other words, the knife 742 is within the con-
fines or boundaries or within the radius R of the donut-
shaped or cylinder-shaped predetermined operating
zone 1200. Of course, one skilled in the art may contem-
plate any width or height for the predetermined operating
zone 1200.

[0047] Regarding FIG. 13, itis assumed that the trans-
mitters 430 are located at points A, B, and C of the distal
ring 440 represented in cylindrical coordinate system
form and defined by the vectors Ry, Rg, and Rc. Each
transmitter 430 transmits a signal in sequence which trav-
els with specific speed through tissue and reaches the
receiver 750. The receiver 750 receives those signals
transmitted by the transmitters 430 and based on meas-
ured travel time calculates the distances a, b, and ¢ from
the respective transmitters 430 to the receiver 750. Now
the processor solves a set of equations to find the Car-
tesian coordinates of vectors a, b, and c, and then the
coordinates of vector K (x, Yk, zk), where vector K ex-
tends from O to K (FIG. 13) and K represents the tip 740
of the cutting element 742. Since Ry = SQRT(x,2 + vi2),
the processor can now check whether the tip 740 having
the cutting element 742 is within the predetermined op-
erating zone 1200 for performing the colpotomy.

[0048] Thus, the navigation system provided herein al-
lows the activation of the surgical instrument 700 only
when the tip 740 having the cutting element 742 is within
the predetermined operating zone 1200 or in close prox-
imity to the outer boundary or outer perimeter or edge of
the retainingmember 60. Therefore, the surgeon can per-
form colpotomy safely while avoiding contact with adja-
cent tissue. In other words, the cutting element 742 must
operate within the confines or boundary or outer perim-
eter of the distal ring 440 of the retaining member 60. If
the cutting element 742 falls outside the boundary of the
distal ring 440 of the retaining element 60, then the cutting
element 742 is deactivated either automatically or by the
surgeon.

[0049] FIG. 14 illustrates a retaining member 1400 in-
corporating a single inductive coil loop 1460, as well as
a tip 1530 of a surgical cutting device 1500 approaching
a distal ring 1440 of the retaining member 1400, in ac-
cordance with another embodiment of the present dis-
closure.

[0050] The retaining member 1400 includes a proximal
ring 1410 and a distal ring 1440. The proximal ring 1410
has a plurality of posts 1420 for supporting the distal ring
1440. In one exemplary embodiment, there are three
posts 1420. Alternatively, the proximal ring 1410 may be
a solid ring with no posts.

[0051] The retaining member 1400 further includes a
central opening 1450 for receiving a shaft 1510 of the
surgical cutting device 1500. The surgical cutting device
1500 further includes a tapered portion 1520 and a tip
1530 extending from the tapered portion 1520. The ta-
pered portion 1520 may be constructed from a ferromag-
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netic material. The ferromagnetic material may prefera-
bly be a metal. The tip 1530 may be an electrocautery
isolated tip.

[0052] Thedistalring 1440 includes a plurality of trans-
mitters 1430. In the exemplary embodiments there are,
for example, 3 transmitters 1430 embedded or incorpo-
rated within the distal ring 1440. Each transmitter 1430
may be aligned with a post 1420. Each transmitter 1430
may emit a single frequency sound wave through a re-
spective opening 1435. Of course, one skilled in the art
may contemplate the transmitters 1430 transmitting oth-
er types of signals, such as electromagnetic signals or
radio signals. The transmitters 1430 may emit the same
frequency or each transmitter 1430 may emit a unique
frequency. One skilled in the art may contemplate any
number of transmitters embedded within different por-
tions of the distal ring 1440.

[0053] A singleinductive coilloop 1460 is incorporated
or embedded within the distal ring 1440 of the retaining
member 1400. A cutout section 1401 depicts a portion
of the single inductive coil loop 1460 circumferentially
embedded or incorporated within the retaining member
1400.

[0054] FIG. 15 illustrates the single inductive coil loop
1460 used in the retaining member 1400 of FIG. 14, in
accordance with embodiments of the present disclosure.
[0055] The single inductive coil loop 1460 includes a
core 1462 and a wire 1464 wound around the entire
length of the core 1462.

[0056] FIG. 16 illustrates a cross-sectional view 1470
ofthe distal ring 1440 of the retaining member 1400 taken
along line X-X of FIG. 14, in accordance with embodi-
ments of the present disclosure.

[0057] The distal ring 1440 defines an opening 1472
for accommodating the single inductive coil loop 1460
therein. A cover 1474 encloses the single inductive coil
loop 1460 within the distal ring 1440. The cover 1474
may serve as an isolator. The opening 1472 may be a
substantially semi-circular opening.

[0058] Referring to FIGS. 14-16, the single inductive
coil loop 1460 allows for a method of sensing a radial
position of the tip 1530 of the surgical cutting device 1500,
as the tip 1530 approaches the distal ring 1440 of the
retaining member 1400. The single inductive coil loop
1460 serves as an inductive sensor (FIG. 19). The tip
1530 of the surgical cutting device 1500 includes a ta-
pered portion 1520 composed or formed or constructed
from a ferromagnetic material. The ferromagnetic mate-
rial may preferably be a metal. Once the tip 1530 is in
close proximity to the retaining member 1400, the ta-
pered portion 1520 changes the inductance of the single
inductive coil loop 1460. This data or information is trans-
mitted by the transmitters 1430 to, for example, a display
device. A user can evaluate or analyze the data or infor-
mation collected and, based on that data or information,
safely conduct transection of the uterus without risk of
damaging adjacent organs. Such data or information is
valuable when visibility of the operating site is impaired.
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[0059] FIG. 17 illustrates a retaining member 1700 in-
corporating a series of inductive coil loops 1764, as well
as a tip 1530 of a surgical cutting device 1500 approach-
ing a distal ring 1440 of the retaining member 1700, in
accordance with another embodiment of the present dis-
closure.

[0060] The retaining member 1700 includes a proximal
ring 1410 and a distal ring 1440. The proximal ring 1410
has a plurality of posts 1420 for supporting the distal ring
1440. In one exemplary embodiment, there are three
posts 1420. Alternatively, the proximal ring 1410 may be
a solid ring with no posts.

[0061] The retaining member 1700 further includes a
central opening 1450 for receiving a shaft 1510 of the
surgical cutting device 1500. The surgical cutting device
1500 further includes a tapered portion 1520 and a tip
1530 extending from the tapered portion 1520. The ta-
pered portion 1520 may be constructed from a ferromag-
netic material. The ferromagnetic material may prefera-
bly be a metal. The tip 1530 may be an electrocautery
isolated tip.

[0062] The distal ring 1440 includes a plurality of trans-
mitters 1430. In the exemplary embodiments there are 3
transmitters 1430 embedded or incorporated within the
distal ring 1440. Each transmitter 1430 may be aligned
with a post 1420. Each transmitter 1430 may emit a single
frequency sound wave through a respective opening
1435. Of course, one skilled in the art may contemplate
the transmitters 1430 transmitting other types of signals,
such as electromagnetic signals or radio signals. The
transmitters 1430 may emit the same frequency or each
transmitter 1430 may emit a unique frequency. One
skilled in the art may contemplate any number of trans-
mitters embedded within different portions of the distal
ring 1440.

[0063] A series of inductive coil loops 1764 are incor-
porated or embedded within the distal ring 1440 of the
retaining member 1700 via a core 1760. A cutout section
1401 depicts a portion of the series of inductive coil loops
1764 circumferentially embedded or incorporated within
the retaining member 1700. The series of inductive coil
loops 1764 are positioned around a core 1760. The series
of inductive coil loops 1764 may be equally spaced apart
from each other around the core 1760.

[0064] FIG. 18 illustrates the series of inductive coil
loops 1764 used in the retaining member 1700 of FIG.
17, in accordance with embodiments of the present dis-
closure.

[0065] The series ofinductive coilloops 1764 are wires
that are placed or positioned around the core 1760. One
skilled in the art may contemplate any number of induc-
tive coil loops 1764 wound around the core 1762.
[0066] Referringto FIGS. 17-18, the series of inductive
coil loops 1764 allow for a method of sensing a radial
position, as well as an angular position of the tip 1530 of
the surgical cutting device 1500, as the tip 1530 ap-
proaches the distal ring 1440 of the retaining member
1700. Each of the inductive coil loops 1764 serves as an
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inductive sensor (FIG. 19). The tip 1530 of the surgical
cutting device 1500 includes a tapered portion 1520 com-
posed or formed or constructed from a ferromagnetic ma-
terial. The ferromagnetic material may preferably be a
metal. Once the tip 1530 is in close proximity to the re-
taining member 1700, the tapered portion 1520 changes
the inductance of the series of inductive coil loops 1764.
This data or information is transmitted by the transmitters
1430 to, for example, a display device. A user can eval-
uate or analyze the data or information collected and,
based on thatdata orinformation, safely conduct transec-
tion of the uterus without risk of damaging adjacent or-
gans. Such data or information is valuable when visibility
of the operating site is impaired.

[0067] FIG. 19illustrates aninductive sensor 1900 that
serves as the inductive coil loops used in FIGS. 14 and
17, in accordance with embodiments of the present dis-
closure. InFIG. 14, one single coil served as an inductive
sensor to identify a radial location of a tip of an instrument,
whereas in FIG. 17, a series of coils constituted a series
of inductive sensors allowing identification of both radial
and angular location of the tip of the surgical instrument.
The inductive sensor is an electronic proximity sensor,
which detects metallic objects without touching them.
The sensor consists of an induction loop, as illustrated
in FIGS. 15 and 18.

[0068] It is to be understood that the various embodi-
ments shown and described herein are to be taken as
exemplary. Elements and materials, and arrangements
of those elements and materials, may be substituted for
those illustrated and described herein, parts may be re-
versed, and certain features of the present disclosure
may be utilized independently, all as would be apparent
to one skilled in the art after having the benefit of the
description herein. Changes may be made in the ele-
ments described herein without departing from the scope
of the present disclosure and following claims. It is to be
understood that the particular examples and embodi-
ments set forth herein are non-limiting, and modifications
to structure, dimensions, materials, and methodologies
may be made without departing from the scope of the
present disclosure.

[0069] While various embodiments of the present dis-
closure have been shown and described herein, it will be
obvious to those skilled in the artthat these embodiments
are provided by way of example only. Numerous varia-
tions, changes, and substitutions will now occur to those
skilled in the art without departing from the present dis-
closure. Accordingly, it is intended that the invention be
limited only by the scope of the appended claims.

Claims

1. A colpotomy system comprising:

a surgical instrument (700) having a cutting el-
ement (742) at a distal end thereof; and
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a uterine instrument (100) having a handle (10)
operably coupled to a shaft (45) having a balloon
(40) at a distal end thereof, the shaft extending
through aretaining member (60) to access a sur-
gical site, the retaining member including a plu-
rality of transmitters (430) disposed about a dis-
tal ring (440) of the retaining member (60) for
transmitting at least one signal to define a pre-
determined operating zone;

said surgical instrument further having a receiv-
er (750) at a distal end thereof for receiving said
at least one signal emitted from said plurality of
transmitters (430);

a processor configured to calculate a distance
between the cutting element of the surgical in-
strument and one end of the retaining member
of the uterine instrument to determine whether
the cutting element is within the predetermined
operating zone.

The colpotomy system according to claim 1, wherein
the retaining member has a proximal ring (410), the
proximal ring (410) having a plurality of posts (420)
for supporting the distal ring (440).

The colpotomy system according to claim 2, wherein
a transmitter of the plurality of transmitters is incor-
porated within the distal ring.

The colpotomy system of claim 2 or 3, wherein the
predetermined operating zone is defined by the cir-
cumference of the distal ring.

The colpotomy system according to any one of
claims 1 to 4, wherein the at least one signal is a
single frequency sound wave or radio wave or elec-
tromagnetic wave.

The colpotomy system of any one of claims 1 to 5,
wherein if the distance exceeds a predetermined
threshold, a notification is relayed to a user of the
uterine instrument.

The colpotomy system of any of claims 1 to 6, where-
inifthe distance exceeds a predetermined threshold,
the cutting element is automatically deactivated.

The colpotomy system of any preceding claim,
wherein the uterine instrument comprises:

the handle being a first handle portion (10);

a second handle portion (20);

the shaftbeing a first shaft (45) operably coupled
to the first handle portion;

the balloon being a first balloon (40) positioned
at a distal end thereof;

a second shaft (30) operably coupled to the sec-
ond handle portion, the second shaft having a
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second balloon (50) positioned at a distal end
thereof; and

the retaining member configured to engage the
second balloon of the second shaft, the first shaft
configured to extend through the second shaft
and the retaining member to access a surgical
site.

The colpotomy system of claim 8, wherein the first
handle portion is a movable handle and the second
handle portion is a stationary handle.

The colpotomy system of claim 8 or 9, wherein, in
operation, the first balloon is inflated to retain the first
shaft in a uterus and the second balloon is inflated
to seal an abdominal cavity.

The colpotomy system of any preceding claim,
wherein the retaining member is a colpotomy cup.

Patentanspriiche

1.

Ein Kolpotomiesystem, umfassend:

ein chirurgisches Instrument (700) mit einem
Schneidelement (742) an einem distalen Ende
davon; und

ein Uterus-Instrument (100) mit einem Griff (10),
der mit einer Welle (45) mit einem Ballon (40)
an einem distalen Ende desselben funktionell
gekoppeltist, wobei sich die Welle durch ein Hal-
teelement (60) erstreckt, um Zugang zu einer
Operationsstelle zu erhalten, wobei das Halte-
element eine Vielzahl von Sendern (430) um-
fasst, die um einen distalen Ring (440) des Hal-
teelements (60) herum angeordnet sind, um
mindestens ein Signal zu ibertragen, um eine
vorbestimmte Operationszone zu definieren;
wobei das chirurgische Instrument ferner einen
Empfanger (750) an seinem distalen Ende zum
Empfangen des mindestens einen, von den
mehreren Sendern (430) ausgesendeten Sig-
nals aufweist;

einen Prozessor, der so konfiguriert ist, dass er
einen Abstand zwischen dem Schneidelement
des chirurgischen Instruments und einem Ende
des Halteelements des Uterus-Instruments be-
rechnet, um zu bestimmen, ob sich das Schnei-
delement innerhalb der vorbestimmten Opera-
tionszone befindet.

Kolpotomiesystem nach Anspruch 1, wobei das Hal-
teelementeinen proximalen Ring (410) aufweist, wo-
bei der proximale Ring (410) eine Vielzahl von Sta-
ben (420) zum Abstiitzen des distalen Rings (440)
aufweist.
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10.

1.

Kolpotomiesystem nach Anspruch 2, bei dem ein
Sender der Vielzahl von Sendern in den distalen
Ring eingebaut ist.

Kolpotomiesystem nach Anspruch 2 oder 3, wobei
die vorbestimmte Operationszone durch den Um-
fang des distalen Rings definiert ist.

Kolpotomiesystem nach einem der Anspriiche 1 bis
4, wobei das mindestens eine Signal eine Schallwel-
le mit einer einzigen Frequenz oder eine Radiowelle
oder eine elektromagnetische Welle ist.

Das Kolpotomiesystem nach einem der Anspriiche
1 bis 5, bei dem, wenn der Abstand einen vorbe-
stimmten Schwellenwert (berschreitet, eine Be-
nachrichtigung an einen Benutzer des Uterus-Instru-
ments Ubermittelt wird.

Kolpotomiesystem nach einem der Anspriiche 1 bis
6, wobei das Schneidelement automatisch deakti-
viert wird, wenn der Abstand einen vorbestimmten
Schwellenwert iberschreitet.

Kolpotomiesystem nach einem der vorhergehenden
Anspriiche, wobei das Uterus-Instrument umfasst:

dass der Giriff ein erster Griffabschnitt ist (10);
einen zweiten Griffabschnitt (20);

dass die Welle eine erste Welle (45) ist, die mit
dem ersten Griffteil funktionell verbunden ist;
dass der Ballon ein erster Ballon (40) ist, der an
einem distalen Ende davon positioniert ist;
eine zweite Welle (30), die funktionell mit dem
zweiten Griffabschnitt gekoppelt ist, wobei die
zweite Welle einen zweiten Ballon (50) aufweist,
der an einem distalen Ende davon positioniert
ist; und

dass das Halteelement so konfiguriert ist, dass
es in den zweiten Ballon der zweiten Welle ein-
greift, dass die erste Welle so konfiguriert ist,
dass sie sich durch die zweite Welle und das
Halteelement erstreckt, um den Zugang zu einer
Operationsstelle zu ermdglichen.

Kolpotomiesystem nach Anspruch 8, wobei der erste
Griffabschnitt ein beweglicher Griff und der zweite
Griffabschnitt ein stationarer Griff ist.

Kolpotomiesystem nach Anspruch 8 oder 9, bei dem
in der Operation der erste Ballon aufgeblasen wird,
um die erste Welle in einem Uterus zu halten, und
der zweite Ballon aufgeblasen wird, um eine Bauch-
hohle abzudichten.

Kolpotomiesystem nach einem der vorhergehenden
Anspriiche, bei dem das Halteelement ein Kolpoto-
miebecher ist.
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Revendications

Systeme de colpotomie comprenant :

uninstrument chirurgical (700) ayant un élément
de découpe (742) a une extrémité distale de ce-
lui-ci ; et

un instrument utérin (100) ayant une poignée
(10) accouplée fonctionnellement a un arbre
(45) ayantun ballonnet (40) a une extrémité dis-
tale de celui-ci, I'arbre s’étendant a travers un
élément de retenue (60) pour accéder a un site
chirurgical, I'élément de retenue comprenant
une pluralité d’émetteurs (430) disposés autour
d'un anneaudistal (440) de I'élément de retenue
(60) pour émettre au moins un signal pour définir
une zone de fonctionnement prédéterminée ;
ledit instrument chirurgical ayant en outre un ré-
cepteur (750) a une extrémité distale de celui-
ci pour recevoir ledit au moins un signal émis a
partir de ladite pluralité d’émetteurs (430) ;

un processeur configuré pour calculer une dis-
tance entre I'élément de découpe de linstru-
ment chirurgical et une extrémité de I'élément
de retenue de l'instrument utérin pour détermi-
ner si I'élément de découpe se trouve a I'inté-
rieur de la zone de fonctionnement prédétermi-
née.

Systeme de colpotomie selon la revendication 1,
dans lequel I'élément de retenue a un anneau proxi-
mal (410), 'anneau proximal (410) ayant une plura-
lité de montants (420) pour supporter I'anneau distal
(440).

Systeme de colpotomie selon la revendication 2,
dans lequel un émetteur de la pluralité d’émetteurs
est incorporé a l'intérieur de I'anneau distal.

Systeme de colpotomie selon la revendication 2 ou
3, dans lequel la zone de fonctionnement prédéter-
minée est définie par la circonférence de I'anneau
distal.

Systeme de colpotomie selon I'une quelconque des
revendications 1 a4, danslequel 'au moins un signal
est une onde sonore monofréquence ou une onde
radio ou une onde électromagnétique.

Systeme de colpotomie selon 'une quelconque des
revendications 1 a 5, dans lequel si la distance dé-
passe un seuil prédéterminé, une notification est re-
layée a un utilisateur de l'instrument utérin.

Systeme de colpotomie selon I'une quelconque des
revendications 1 a 6, dans lequel si la distance dé-
passe un seuil prédéterminé, I'élément de découpe
est automatiquement désactivé.
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10

8.

10.

1.

Systéme de colpotomie selon I'une quelconque des
revendications précédentes, dans lequel linstru-
ment utérin comprend :

la poignée étant une premiére partie de poignée
(10);

une seconde partie de poignée (20) ;

I'arbre étant un premier arbre (45) accouplé
fonctionnellement a la premiére partie de
poignée ;

le ballonnet étant un premier ballonnet (40) po-
sitionné a une extrémité distale de celui-ci ;

un second arbre (30) accouplé fonctionnelle-
ment a la seconde partie de poignée, le second
arbre ayant un second ballonnet (50) positionné
a une extrémité distale de celui-ci ; et
I’élément de retenue congu pour mettre en prise
le second ballonnet du second arbre, le premier
arbre étant congu pour s’étendre a travers le se-
cond arbre etI'élément de retenue pour accéder
a un site chirurgical.

Systéme de colpotomie selon la revendication 8,
dans lequel la premiére partie de poignée est une
poignée mobile et la seconde partie de poignée est
une poignée fixe.

Systéme de colpotomie selon la revendication 8 ou
9, dans lequel, en fonctionnement, le premier bal-
lonnet est gonflé pour retenir le premier arbre dans
un utérus et le second ballonnet est gonflé pour scel-
ler une cavité abdominale.

Systéme de colpotomie selon I'une quelconque des
revendications précédentes, dans lequel I'élément
de retenue est une coupelle de colpotomie.
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