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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a system for
monitoring uteri, particularly to help treat infertility. More
specifically, the invention related to a continuous uterus
monitoring system comprising the features of the pream-
ble portion of claim 1.

BACKGROUND OF THE INVENTION

[0002] A system according to the preamble portion of
claim 1 for detecting or verifying fallopian tube occlusion
is know from US 2012/0130272 A1. The device includes
a cannula through which an elongate body can be ad-
vanced in order to advance a distal end of the device
carrying a sensor through the utertubal junction and into
the fallopian tube. The device or at least some distal por-
tion thereof preferably comprises a flexible material so
that it may be deflected into the fallopian tube from a
straight cannula. The device or distal portion is said to
be steerable by the use of pull cables or other structures.
[0003] At present the most effective treatments of in-
fertility problems are IVF (In vivo fertilization) methods.
In order to prepare a patient’s uterus for hosting an em-
bryo during the IVF treatment, the physician may artifi-
cially adjust the patient’s estrogen hormone levels. The
elevated levels control the endometrial prosperity which
in turn has a significant effect on the uterus’ readiness
to receive embryos. In order to prepare a proper envi-
ronment in the woman and to increase the chances of
recovering several healthy and mature eggs, the woman
will undergo about two weeks of intensive preparation,
including hormonal therapy with "fertility drugs", blood
tests and 2-3 scans of ultrasound of the ovaries, as well
as biopsies of the endometrium that may be performed
before the treatment commences to evaluate the uterus’
condition

[0004] One of the key factors that the physician needs
to pay attention to is the patient’s reaction to hormones.
Measurement of estrogen levels in the blood helps the
physician determine how well the uterus is. Furthermore,
monitoring of patients receiving HMG (human menopau-
sal gonadotropin) therapy is essential for dosage adjust-
ment and prevention of side effects. Each woman’s re-
sponse to the treatment is different and the administered
dose needs to be carefully adjusted.

[0005] One of the common side effects of the fertility
treatments is fluid retention caused by over-dose of es-
trogenic hormones given to the patient during the IVF
treatment. Some hormones stimulate proliferation and
differentiation in the fallopian tube, to increase the tubal
mucosal activity. Oestradiol increases the water content
of cervical mucus and favors contraction of the uterine
endometrium.

[0006] In fact, there is a period of 24-48 hours during
the weeks of fertility treatment that is optimal for the fer-
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tilization, i.e., embryo transfer. This period can be difficult
to determine due to all of the factors described above.
The determination requires careful and continuous mon-
itoring, which at present entails frequent visits of the pa-
tient to a hospital and performance of many labor-inten-
sive tests.

[0007] The monitoring can also be used to assess the
fluid retention mentioned above, that mightbe excessive:
The occurrence of fluid accumulation within the uterine
cavity has been examined in women undergoing IVF-ET
to investigate its correlation with tubal disease and effect
on the pregnancy outcome. The pregnancy rate was
5.7% in the group of women exhibiting excessive uterine
fluid accumulation during IVF-ET cycles. By comparison,
apregnancy rate of 27.1% was achieved in women where
no fluid accumulation was detected [http: / /humrep.ox-
fordjournals.org/ content/ 17/2 /35 Lfull] . Therefore, ex-
cessive uterine fluid might well be detrimental to the em-
bryo implantation success rate. Therefore, the detection
of excessive retention is important in determining the im-
pact on pregnancy outcome.

[0008] The monitoring is performed by either hyster-
oscopy, ultrasound, which are all single exams per-
formed in the clinics, or by drawn blood samples for which
various parameters are assessed. The blood samples,
naturally, only reflect systemic properties and are not lo-
cal/topical of the uterus lining.

[0009] In conclusion there is a need for real time mon-
itoring in order to optimize the process of preparation
towards fertilization, and in order to reduce side effects.
There are no known methods and devices capable of
carrying out continuous monitoring over extended peri-
ods of time, and optionally also treatments needed for
the preparation. The object of the invention is to provide
a system that overcomes the afore-mentioned shortcom-
ings inherent to the prior art.

SUMMARY OF THE INVENTION

[0010] This technical problem is solved by a system
comprising the features of claim 1. Advantageous em-
bodiments are indicated in further claims.

[0011] In some preferred embodiments the system is
configured to allow visual monitoring of uterus tissue.
[0012] The monitoring is for example selected from at
least one of a group consisting of: glands number and
number density, size and distribution; blood vessel den-
sity; blood vessel distribution; blood oxygen saturation
and total oxygen concentration.

[0013] The sensor may be selected from a group con-
sisting of: camera, thermometer, pH sensitive electrode,
bioelectrical impedance sensor and combinations there-
of.

[0014] Insome preferred embodimentstheinsertis de-
signed to be positioned in a uterus over an extended
period of time.

[0015] In some embodiments the camera is movable
by remote control.
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[0016] The camera is preferably configured to allow a
clear view of walls of a uterus.

[0017] One or more of the following outputs may be
transferrable from the system control device to the uter-
ine insert: image acquisition parameters; electric current;
anti-body depositions; fluorophore depositions; hor-
mones depositions; depositions of pharmaceutical com-
positions, and disinfectant depositions, and one or more
of the following inputs are transferrable from the uterine
insert to the system control device: still and/or video im-
ages; impedance signals; signals reflecting mucosa acid-
ity; signals representing mucosa composition; fluores-
cence measurement signals; and temperature measure-
ments.

[0018] Unless otherwise defined, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. Although methods and ma-
terials similar or equivalent to those described herein can
be used in the practice or testing of the present invention,
suitable methods and materials are described below. In
case of conflict, the specification, including definitions,
will control. In addition, the materials, methods, and ex-
amples areillustrative only and not intended to be limiting.

BRIEF DESCRIPTION OF THE FIGURES
[0019]

A monitoring system is provided as shown in sche-
matic view in Figure 1;

Figure 2 shows in one perspective view a uterine
insert comprising an insert body and an insert exten-
sion;

Figure 3 shows in another perspective view the uter-
ine insert and insert extension shown in Figure 2;

Figure 4 demonstrates how the system is positioned
to monitor and/or treat the reproductive system of a
woman;

Figure 5a illustrates in perspective view a section of
the uterine insert;

Figure 5b depicts a module of the system in a frontal
perspective sectional view;

Figure 5¢ shows the same module in a rear perspec-
tive sectional view;

As shown in Figure 6, the insert body comprises a
shutter, that protects the uterine insert in the uterus;

Figure 7 schematically depicts another uterine insert
embodiment, of another system;
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Figure 8 illustrates in a side view a uterine insert of
another system embodiment;

Figure 9 shows another embodimentin a perspective
view;

Figure 10 depicts a uterine insertin a system similar
to the uterine insert described in Figure 8, allowing
deposition of material;

Figure 11 schematically illustrates in perspective
view the system shown in Figure 10, now showing
now as well the module;

Figure 12 schematically depicts system usage meth-
odology during the treatment procedure, according
to one aspect of the invention;

Figure 13 schematically depicts usage methodology
during the treatment procedure, in a similar embod-
iment.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0020] Before explaining at least one embodiment in
detail, itis to be understood that the invention is not limited
in its application to the details of construction and the
arrangement of the components set forth in the following
description. The invention is capable of other embodi-
ments or of being practiced or carried out in various ways.
Also, it is to be understood that the phraseology and ter-
minology employed herein is for the purpose of descrip-
tion and should not be regarded as limiting.

[0021] Accordingtoone aspectoftheinvention,a mon-
itoring system is provided. As shown in a schematic view
in Figure 1, the system 1000 comprises a uterine insert
100, a deployment module 200 and a system control de-
vice 300. The system 1000 is configured to allow the
control device to receive signals that are transmitted from
the uterine insert 100. The uterine insert 100 is designed
to be positioned in a uterus over an extended period of
time.

[0022] As shown in Figures 2 and 3 in two perspective
views, the uterine insert 100 comprises an insert body
110 and an insert extension 120. The module 200 com-
prises a module body 210 and a module extension 220.
The uterine insert 100 and the module 200 are removably
engagable with each other; the uterine insert 100 has a
socket 111 in the insert body 110 and the module 200
has a plug 221 on the module extension 220 that is en-
gagable with the socket 111. Engagement can be man-
ually performed by careful alignment of the plug 221 and
the socket 111 and pushing the uterine insert 100 and
the module together. In alternative embodiments the
module has a socket and the uterine insert has a plug
(not shown), or other means of engagement and disen-
gagement may be employed.
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[0023] Prior to using the system 1000 the physician
typically conducts a standard inspection using ultrasound
technology or hysteroscopy of the patient’s uterus. The
physician may prepare the system 1000 for a first stage
of inspection by engaging the uterine insert 100 with the
deployment module 200 and testing the system by pump-
ing water into the uterine insert 100 for example, and by
other functions.

[0024] The module body 210 is essentially a handle
that has buttons 212 for manipulation of the uterine insert
100 and finger engagement holes 214 that allow a phy-
sician to comfortably grip the module 200. In some em-
bodiments there are no such holes. In some embodi-
ments (not shown) the buttons are touch buttons and/or
dials and/or the button shown in the figure, or other known
finger-engageable means.

[0025] The system comprises an optional locking ar-
rangement (not shown in its entirety) that comprises at
least one button 212 on the module 200, which is either
mechanically coupled or electrically coupled to the plug
221 or the socket 111, to allow the plug 221 and the
socket 111 to be locked to other. In other embodiments
there is no locking arrangement.

[0026] Figure 4 demonstrates how the system 1000 is
positioned to monitor and/or treat the reproductive sys-
tem 12 of a woman 10. The woman 10 lies on a suitable
treatment bed 20. A speculum 30 is employed to allow
the uterine insert 100 access to her reproductive system
12. The uterine insert 100, coupled to the module 200,
is introduced into the vagina 13 until reaching cervix en-
trance 14. At this point the uterine insert extension 120
is bent to allow the extension 120 to travel along the va-
gina, cervix surface and uterus 15.

[0027] Figure 5a illustrates in perspective view a sec-
tion of the uterine insert 100. The insert extension 120
comprises a first drawstring 121 that extends along the
insert extension 120. One of the buttons of the module
(not shown) may be coupled to the first drawstring 121
such as to allow bending the insert extension 120 in the
uterus when the module is engaged with the uterine insert
100. In some embodiments pressing the button harder
causes the insert extension 120 to increasingly bend and
release of the pressure on the button causes the insert
extension to increasingly unbend.

[0028] Figure 5b depicts the module 200 in a frontal
perspective sectional view and Figure 5¢c shows the same
module 200 in a rear perspective sectional view.

[0029] The system 1000 provides a feeding cable 7
connected with a strain relief 75 to the module 200. The
module body 210 includes: a chassis 97, a feeding cable
strain relief 75, control buttons 212, chassis 97, control
PCB 81, and handle 93. The chassis 97 is affixed to con-
trol PCB 81 by a rigid fixation method (bonding, screws
or other means) to the internal side of chassis 97. At the
rear side of chassis 97 (as shown in fig 4a) the control
buttons 212 are positioned, they are designed to be pro-
tected in the working environment. The bottom of the
chassis 97 is ergonomically designed in order to provide
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supportand grip for the physician who has glovedfingers.
[0030] The module extension 220 comprises a casing
74, cables 83 and a male docking interface 90. The cas-
ing 74 may be shaped as a narrow and long tube, and
holds all cables 83 stretched from the module body 210
up to the male docking interface 90. The casing 74 is
shaped at a distal end as a funnel to house the docking
interface 90. The male docking interface 90 is rigidly con-
nected to casing 74 and the male docking interface 90
is connected to the cables 83 by way of welding the cables
tothe interface 90, or by another suitable affixing method.
The male docking interface 90 includes a structure 119
comprising three docking legs 86 with a face 113, and
an alignment notch 117 on each docking leg 86 that has
two functions. The first role of the structure 119 is to
bridge between the deployment module 200 and the uter-
ine insert 100. The secondary role is to open protecting-
fins (not shown here) when the uterine insert 100 is cou-
pled with deployment module 200, or has been discon-
nected. An electrical finger disk 91, that is shaped allow
providing communication and alignment with the female
side that is positioned at uterine insert 100, is located on
the male docking interface 90 front face. In the middle of
the male docking interface 90 there is a clear round area
89, which can be utilized as a position for a guiding cam-
era and illumination. The structure 110 includes a fingers
disk 91. In the middle of fingers 95 at the fingers disk 91
there are five electrical connectors 115. The number of
connectors 115 is selected according to the functional
requirements from the uterine insert 100.

[0031] In other embodiments other means of bend-
ing/unbending the insert extension are provided.

[0032] Insome embodiments the bending of the insert
extension 120 can be locked and unlocked by a locking
mechanism, typically employed by pressing another but-
ton on the module.

[0033] In some embodiments (not shown) there is a
second drawstring extending along the insert extension
120 and the system is configured to allow manipulating
the second string by pressing a button on the module
body. The manipulation of the second string allows bend-
ing the string in a direction essentially perpendicular to
the direction of bending of the first string. There is thus
an enhanced capability to direct the insert extension.
[0034] Once the uterine insert 100 is in a selected lo-
cation in the uterus, the uterine insert 100 should be left
in place for an extended period of time. In some embod-
iments (not shown) the system further comprises means
that allow disengagement of the module from the uterine
insert such that no pulling of the uterine insert occurs
when disengaging and moving the module apart from the
uterine insert, thus helping to avoid undesirable move-
ment of the uterine insert. For example some embodi-
ments may have a locking mechanism for engaging the
uterine insert and the module that comprises resilient
means which are primed when the uterine insert and
module are forced together, and are employed when the
locking mechanism is set to disengage the uterine insert
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from the module. Again, such disengagement could be
performed by a button on the module that is coupled to
the locking mechanism.

[0035] Theinsertbody 110 shown in Figure 5a further
comprises soft and flexible curved fins 114 with notches
115 that may help keep the walls of the vagina apart to
facilitate insertion of the insert extension 120 into the uter-
us 15. The notches 115 allow fluid passage between the
insert body 110 and the walls. The fins further assist in
keeping the insert extension 120 away from the walls of
the vagina, as well as immobilize the uterine insert 100.
In preferred embodiments the fins 114 are oblique rela-
tive to the longitudinal axis A of the uterine insert 100,
and preferably point away from the insert extension 120
to best anchor the insert body to the vagina top part, right
before the entrance to the cervix. In some embodiments
the fins 114 are retractable. The retraction in some em-
bodiments can be performed by retracting means located
in the insert body, but controlled by an external control
unit (the module or another device), so that the uterine
insert can be pulled out without need to connect any de-
vice to the uterine insert.

[0036] The buttons 212 serve for employing one or
more of the following functions, some of which will be
further discussed below:

1. Steering;

2. Fins deployment and retraction;

3. Inflating anchoring inflatable components and
their deflation before retraction of the uterine insert;
4. Disengagement and engagement of the uterine
insert during deployment/retraction, and

5. Substance deposition - disinfectants and/or other
substances (water, air, hormones, etc.)

[0037] In preferred embodiments the insert extension
120 is coated with an anti-bacterial material capable of
preventing ascending contamination. In some preferred
embodiments all of the parts of the uterine insert 100 are
coated with the material.

[0038] As shown in Figure 6, the insert body 110 com-
prises a shutter 152, which protects the uterine insert in
the uterus, i.e. the electrical circuits and components de-
scribed above, after deployment of the uterine insert 100,
i.e.as soon as the uterineinsert 100 is disconnected from
the module. In some embodiments the system is config-
ured so that the shutter automatically closes concomi-
tantly with the uterine insert and module disengaging
from each other.

[0039] Note the matching of the insert body 110 and
the module insert 220, as shown in the insets of Figure
5b and Figure 6.

1. The monitoring system is configured to allow di-
agnosis of the readiness of the uterus to fertilization.
Referring to Figures 5a and 6, the system 1000 fur-
ther comprises an illumination component 123 and
an imaging component 124 such as a camera. The
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illumination component may comprise a Light Emit-
ting Diode (LED), an ultra violet light source, an infra
red light source, incandescent light source or any
combination thereof. The module body 110 compris-
es power supply means such as a battery 116, which
provides power to the illumination component and
to the imaging component, and in some embodi-
ments to other components such as a thermometer.
The optical system comprising the illumination com-
ponent, the imaging component and the power sup-
ply are configured to allow the physician to properly
direct the uterine insert 100. In preferred embodi-
ments the system 1000, typically in particular the
camera 124, is also configured to allow a clear view
of the uterus’ walls, i.e., the endometrium. In some
embodiments the camera 124 is movable by remote
control.

[0040] The battery also provides power to a pump 147,
that will described after completing the discussion on the
monitoring components.

[0041] Returning to Figure 1, the imaging component
transmits image signals to the system control device 300,
which in turn transmits to a screen 400. In alternative
embodiments (not shown) the control device transmits
data representative of the measurement signals to a stor-
age device, from which the data can be retrieved, ma-
nipulated and displayed on various display devices. The
display may help in continuously assessing the condition
of various physiological features in the uterus lining, such
as gland size and blood vessel density, as well as chang-
es in their condition over time. The screen displays im-
ages that help the physician navigate the probe 100 and
to follow the condition of the uterus over an extended
period of time without needing to perform repeated man-
ual invasive procedures. In some embodiments the
screen 400 is remote from the uterine insert, for example
in a physician’s office, so that the visual monitoring of the
patient by the physician does not require the patient’s
presence. The imaging component may comprise a dig-
ital camera which may include CCD sensors and/or
CMOS sensors, opto-mechanical parts, lenses, shutters,
a PCB etc as known in the art.

[0042] In some embodiments the navigation is assist-
ed by continuous ultrasound imaging of the uterus. In
some embodiments the navigation is guided by the ul-
trasound imaging alone, and the system does not com-
prise an imaging component and illuminating compo-
nent.

[0043] As shown in Figure 4, the uterine insert further
comprises sensors 125 that may comprise a matrix of
bioelectrical impedance sensors/electrodes for monitor-
ing of the uterus tissue, in order to directly inspect en-
dometrial parameters such as bioelectrical impedances,
and non-directly evaluate parameters such as vascular-
ity, mucosa dimensions and mucosa composition. These
parameters are assessed through the tissue response
to electromagnetic signals of different amplitudes and
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frequencies. Such sensors are well known in the art
[Rezac P., Theriogenology 2008; 70(1):1 1-14]. Other
embodiments do not comprise such sensors, or comprise
other sensors instead/in addition, such as pH sensors.
Similarly to the optical component, the system is config-
ured in these embodiments to allow signals to be trans-
mitted from these sensors to a system control device,
from where they are accessible to analysis by a physi-
cian.

[0044] The invention can be embodied in various em-
bodiments, some of which have been described above.
In some cases at least, a physician may identify during
a standard ultrasound, according to the patient vaginal,
cervix and uterus structure, what kind and size of the
uterine insert should be installed for the patient, and op-
tionally the working profile and programming actions
needed in order to properly monitor, and optionally treat,
the patient.

[0045] Figure 7 schematically depicts another uterine
insert embodiment 100’, of another system 1000’, after
disconnection from the module (not shown) and in the
desired position in the uterus 15. The uterine insert 100’
comprises a cord 107 that may have one or more roles:
allowing wired communication between the uterine insert
100’ and the system control device (not shown), such as
one or more of the following outputs from the system
control device to the uterine insert 100’: image acquisition
parameters (e.g., exposure illumination power and spec-
trum, illumination angle, filters engagements, polarizer
engagement); electric current (for impedance measure-
ments for example); anti-body depositions; fluorophore
depositions; hormones depositions; depositions of phar-
maceutical compositions, and disinfectant depositions.
In addition, the system may be configured to allow the
system control device to receive via the cord 107 one or
more of the following inputs from the uterine insert 100’:
Still and/or video images; impedance signals; signals re-
flecting mucosa acidity; signals representing mucosa
composition (e.g. hormone content and concentration);
fluorescence measurement signals; and temperature
measurements. The cord 107 can also be used to help
pull the device 100" out for replacement, maintenance
or when the monitoring is completed. Yet another role in
some embodiments is to help drainage outside the vagi-
na. In other embodiments these functions can also/in-
stead be performed remotely and wirelessly, from a con-
trol unit that is placed on or near (and outside) the pa-
tient’s body.

[0046] The depositions may be performed using the
help of an external pump, such as one located in the
system control device, or an internal pump, such as the
pump 147 in the uterine insert 100 (Figure 5). The internal
pump may also be configured to allow suction of excess
fluids in some embodiments.

[0047] Figure 8illustratesin a side view a uterine insert
100 of another system embodiment 1000™. At a distal
end 163 of the insert extension 120’" there are stabilizing
elements 156 which function as anchor elements for the

10

15

20

25

30

35

40

45

50

55

insert extension 120’ against the uterus walls, for exam-
ple to allow a fixed distance from camera to the walls.
Inside the stabilizing elements there are inflatable ele-
ments 157 which can be deflated and inflated from out-
side the uterus. Each inflatable element forms an asym-
metric triangular torus with a hole that enhances attach-
ment of the uterine insert 100™ since tissue can enter the
hole and form another anchoring location. The inflatable
elements 157 may be inflated with air or fluid from
a "feeding tube" during the deployment procedure. Be-
fore the insert 100™ is taken out, the inflatable elements
157 are deflated and collapsed to allow easy retraction
of the insert 100™.

[0048] The inflatable elements 157 comprise compart-
ments 158 which may allow improved control of the in-
flating/deflating actions. Some embodiments comprise
the inflatable elements but the inflatable elements do not
comprise the compartments.

[0049] Referring back to Figure 5a, the figure shows
an inflatable element 43 in collapsed state.

[0050] The distal end 163 comprises animaging hous-
ing 159. At the distal side of the housing 159 there are
legs 154 that support a nozzle 150 which comprises a
spraying hole 153 through which liquid can be delivered
such as solutions of hormones and/or antibodies and/or
fluorophores, for example to allow detection of substanc-
es indicative of the state of the uterus in relation to read-
iness for fertilization. In some embodiments (not shown)
the insert extension further comprises at least one wash-
ing nozzle positioned and oriented to allow washing the
lens of the camera.

[0051] In preferred embodiments all of the parts of the
uterine insert 100" are coated with an anti-bacterial ma-
terial.

[0052] Figure 9 shows another embodiment 1000™ in
a perspective view. The insert body 110" can be posi-
tioned outside the woman’s vagina. The insert body
110" comprises wings 194, with holes 191, that together
allow attaching the insert body to the patient, and a hous-
ing 189 within which monitoring features and other fea-
tures may be installed. The insert extension 200™ com-
prises an inflatable anchor 180, e.g. balloon (which may
comprise several subunits) for anchoring the insert body
110’ to the vagina, housing 159 and a feed cord 183.
[0053] Figure 10 depicts a uterine insert 100"" in sys-
tem 1000™, similar to the uterine insert 100’ described
in Figure 8, allowing deposition of material such as dis-
infectant during deployment and removal of the uterine
insert 1000 and optionally during withdrawal thereof.
Deposition outlet pores 181 are located on the insertbody
110™ as well as along the insert extension 120"". A pri-
mary feeding channel 182 for depositing substances may
be provided for splitting flow of the deposited material to
multiple deposition secondary channels 184 to evenly
cover a target area. Other channels or the same channel
may also serve to provide liquid to one or more of the
nozzles described above. The uterine insert
100™ comprises as described above: nozzle 150; legs
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154; inflatable elements 156 with asymmetric hole 157;
a steering cable 162, and further comprises bending sec-
tion vertebrae 161.

[0054] Figure 11 schematically illustrates in perspec-
tive view the system 1000"", showing now as well the
module 200"". The module 200'"" comprises: an instal-
lation tool substance feeding tube 234; a substance con-
tainer 237; a substance compression unit 241; a trigger
control cable 244, and a trigger 248. A connector (not
shown) may connect the feeding tube 234 to the primary
channel 182. Pressing the trigger leads to the cable 244
activating the compression unit 241, that releases mate-
rial from the container 237 through the tube 234 and ther-
eon out of the uterine insert 110™".

[0055] Figure 12 schematically depicts the system us-
age methodology during the treatment procedure, ac-
cording to one aspect of the invention. After the uterine
insert 100 has been installed into the patient’s body, the
physician supervises the treatment procedure by dual
way encrypted communication with the uterine insert via
transmitter 169 which amplifies the communication 166
of the installed device and broadcasts it 171 to the phy-
sician data manager such as a computing device 174 or
the like.

[0056] Figure 13 schematically depicts usage method-
ology during the treatment procedure, in a similar em-
bodiment. After the uterine insert 100 has been installed
into, the patient’s body the physician can supervise the
treatment procedure by dual way encrypted communica-
tion with the uterine insert via transmitter 169 which am-
plifies the communication 166 of the installed device and
broadcasts it 171 to the physician data manager such as
computer 174 or the like.

[0057] The presentinvention is related to systems and
methods for patient preparation for fertilization proce-
dures by the continuous monitoring of the uterus tissue
and possibly means for substance administration (e.g.,
drugs, hormones, staining dyes, contrast agents, disin-
fectants, etc.). The device is placed in the patient’s re-
productive system via her natural orifice.

[0058] The system may include various sensors such
as video camera integrated with a magnifying device
("mini-microscope") as well as communication means,
anchoring, stabilization and fixation elements, deposition
elements and/or the like.

[0059] According to one aspect, a method is provided
that comprises: visual monitoring of the uterus tissue with
any of the systems described above, in order to inspect
endometrial parameters such as glands number and
number density, size, distribution, blood vessel density,
blood vessel distribution (size and spatial), blood oxygen
saturation and total oxygen concentration, as well as oth-
er anatomical parameters that evolve during the uterus
natural cycle and during fertilization treatments.

[0060] In some embodiments the system and method
include dark-field illumination or oblique illumination and
polarized illumination (bright or dark field or oblique) op-
tionally accompanied by polarizers in front of the visual
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system of the uterus endometrium.

[0061] Insome systems and method continuous mon-
itoring of the endometrium acidity (pH-metry) is provided
by suitable means configured to allow the monitoring.
[0062] The deposition units describe above may be
used for staining dyes and fluorophores, either free or
linked to biological compounds (e.g., antibodies).
[0063] Alternatively or in addition, a deposition unit
may serve for the topical administration of hormones and
drugs or distribution of disinfectants and sanitizers. The
deposition can be actively performed during system de-
ployment or extraction or can be continuously performed
while the unit is already installed in its final position.
[0064] Various embodiments similar to the monitoring
systems described above may be used or adapted to be
used for veterinarian purposes, such as on mammals:
horses, cows, sheep, goats, dogs, etc.

[0065] It is appreciated that certain features of the in-
vention, which are, for clarity, described in the context of
separate embodiments, may also be provided in combi-
nation in a single embodiment. Conversely, various fea-
tures of the invention, which are, for brevity, described
in the context of a single embodiment, may also be pro-
vided separately or in any suitable sub combination.
[0066] Although the invention has been described in
conjunction with specific embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art.

Claims
1. A continuous uterus monitoring system comprising:

a uterine insert (100), a deployment module
(200), a system control device (300) and a dis-
play;

the deployment module (200) being configured
to be removably engageable with the uterine in-
sert (100); the uterine insert being designed to
be positioned in a uterus over an extended pe-
riod of time and having an insert extension (120),
that (i) comprises at least one sensor (125) and
(i) being configured to undergo bending when
the uterine insert (100) is engaged with the de-
ployment module (200);

the system control device (300) being operationally
coupled to continuously receive signals from the at
least one sensor and to convert the signals into data
representing the signals, and

the display operationally coupled to display the data
from the system control device (300).

2. The system of claim 1, wherein the uterine insert
(100) further comprises an insert body (110), being
couplable to the insert extension (120) and compris-
ing flexible engagement means preferably the flexi-
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ble engagement means being configured to immo-
bilize the uterine insert and to anchor the insert body
to the vagina top part, right before the entrance to
the cervix, and the flexible engagement means are
selected from a group consisting of: curved and
notched fins, inflatable elements and combinations
thereof.

The system of any one of claims 1 to 2, wherein the
uterineinsert (100) further comprises a power supply
unit electrically coupled to the at least one sensor,
wherein the sensor is selected from a group consist-
ing of: camera, thermometer, pH sensitive electrode,
bioelectrical impendance sensor and combinations
thereof.

The system of any one of claims 1 to 3, wherein the
uterine insert comprises a microscope, the micro-
scope comprising a camera and preferably the cam-
era is configured to allow a clear view of walls of a
uterus (the endometrium).

The system of claim 3 or 4, further comprising an
illumination component configured to illuminate for
the camera.

The system of any one of claims 3 to 5, wherein the
insert extension further comprising at least one noz-
zle configured to allow washing at least one lens of
the camera.

The system of any one of claims 1 to 6, wherein the
uterine extension comprising stabilizing elements
(156) configured to anchor the insert extension
against the uterus walls, preferably to allow a fixed
distance from camera to the walls.

The system of any one of claims 1 to 7, wherein the
insert extension (120) further comprises at least one
drawstring thatis coupleable to the deployment mod-
ule (200), such that when the deployment module
(200) is engaged with the uterine insert (100) the
deployment module (200) can be employed to draw
the at least one drawstring and thereby bend the
insert extension (120).

The system of any one of claims 1 to 8, configured
to allow deposition of substances from the insert ex-
tension through deposition pores along the insert ex-
tension and/or a nozzle at a tip of the insert exten-
sion, preferably the substances is at least one anti-
bacterial composition.

The system of any one of claims 1 to 9, further com-
prising a power supply unit electrically coupled to a
pump, wherein the pump is coupled to a primary
feeding channel, preferably the primary feeding
channel leading throughout the insert extension and
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to the pores and/or to the nozzle.

The system of any one of claims 1 to 10, configured
to allow visual monitoring of the uterus tissue for in-
specting endometrial parameters, preferably glands
number, number density, size, distribution, blood
vessel density, blood vessel distribution, blood oxy-
gen saturation and total oxygen concentration, pref-
erably configured for continuously assessing the
condition of various physiological features in the
uterus lining, preferably gland size, blood vessel
density, and changes in their condition over time.

The system of any one of claims 1 to 11, configured
to allow at least one of the following (i)the system
control device to receive one or more of the following
inputs from the uterine insert: Still and/or video im-
ages; impedance signals; signals reflecting mucosa
acidity; signals representing mucosa composition;
fluorescence measurement signals; and tempera-
ture measurements or (ii) to allow one or more of the
following outputs are transferrable from the system
control device to the uterine insert: image acquisition
parameters; electric current; anti-body depositions;
fluorophore depositions; hormones depositions;
depositions of pharmaceutical compositions, and
disinfectant depositions, and one or more of the fol-
lowing inputs are transferrable from the uterine insert
to the system control device: still and/or video imag-
es; impedance signals; signals reflecting mucosa
acidity; signals representing mucosa composition;
fluorescence measurement signals; and tempera-
ture measurements, preferably the outputs and in-
puts are wireless.

The system of any one of claims 1 to 12, wherein
the uterine insert (100) further comprises a shutter
(152) configured to shut when the uterine insert (100)
is disengaged from the deployment module (200).

The system of any one of claims 1 to 13, wherein
the insert extension (120) further comprises a cord
(157) configured to allow performing at least one of
the following actions: wired communication between
the uterine insert (100) and the system control device
(300); to help withdraw the insert extension (100);
and to help drainage outside a vagina wherein the
insert extension (100) is installed.

Patentanspriiche

1.

Ein Uterus-Daueriiberwachungssystem, das Fol-
gendes beinhaltet:

einen Uterus-Einsatz (100), ein Ablegemodul
(200), eine Systemsteuervorrichtung (300) und
ein Display;



15 EP 3 125 739 B1 16

wobei das Ablegemodul (200) dazu ausgelegt
ist, entfernbar in Eingriff mit dem Uterus-Einsatz
(100) gebracht zu werden; wobei der Uterus-
Einsatz dazu konzipiert ist, Uber einen langeren
Zeitraum in einem Uterus positioniert zu sein,
und ein Einsatzverlangerungsstiick (120) auf-
weist, das (i) mindestens einen Sensor (125) be-
inhaltet und (ii) dazu ausgelegt ist, eine Kriim-
mung zu durchlaufen, wenn der Uterus-Einsatz
(100) im Eingriff mit dem Ablegemodul (200)
steht;

wobei die Systemsteuervorrichtung (300) be-
triebsfahig gekoppelt ist, um kontinuierlich Sig-
nale von dem mindestens einen Sensor zu emp-
fangen und die Signale in Daten umzuwandeln,
die die Signale reprasentieren, und

das Display betriebsfahig gekoppelt ist, um die
Daten aus der Systemsteuervorrichtung (300)
anzuzeigen.

System nach Anspruch 1, wobei der Uterus-Einsatz
(100) ferner einen Einsatzkorper (110) beinhaltet,
der mit dem Einsatzverlangerungssttick (120) ge-
koppelt werden kann und flexible Eingriffsmittel be-
inhaltet, wobei die flexiblen Eingriffsmittel bevorzugt
dazu ausgelegt sind, den Uterus-Einsatz zu immo-
bilisieren und den Einsatzkérper am oberen Teil der
Vagina, direkt vor dem Eingang zur Zervix, zu ver-
ankern, und wobei die flexiblen Eingriffsmittel aus
einer Gruppe ausgewahlt sind, die aus den Folgen-
den besteht: gekriimmte und gekerbte Rippen, auf-
blasbare Elemente und Kombinationen davon.

System nach einem der Anspriiche 1 bis 2, wobei
der Uterus-Einsatz (100) ferner eine Stromversor-
gungseinheit beinhaltet, die elektrisch mit dem min-
destens einen Sensor gekoppelt ist, wobei der Sen-
sor aus einer Gruppe ausgewahlt ist, die aus den
Folgenden besteht: Kamera, Thermometer, pHemp-
findliche Elektrode, bioelektrischer Impedanzsensor
und Kombinationen davon.

System nach einem der Anspriiche 1 bis 3, wobei
der Uterus-Einsatz ein Mikroskop beinhaltet, wobei
das Mikroskop eine Kamera beinhaltet und wobei
die Kamera bevorzugt dazu ausgelegt ist, eine klare
Sicht auf die Wande eines Uterus (das Endometri-
um) zu gestatten.

System nach Anspruch 3 oder 4, das ferner eine
Beleuchtungskomponente beinhaltet, die dazu aus-
gelegt ist, fir die Kamera zu beleuchten.

System nach einem der Anspriiche 3 bis 5, wobei
das Einsatzverlangerungsstiick ferner mindestens
eine Diise beinhaltet, die dazu ausgelegtist, das Wa-
schen von mindestens einer Linse der Kamera zu
gestatten.
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System nach einem der Anspriiche 1 bis 6, wobei
das Uterusverlangerungsstiick Stabilisierungsele-
mente (156) beinhaltet, die dazu ausgelegt sind, das
Einsatzverlangerungsstiick gegen die Uteruswande
zu verankern, um bevorzugt einen festen Abstand
von der Kamera zu den Wanden zu gestatten.

System nach einem der Anspriiche 1 bis 7, wobei
das Einsatzverlangerungsstiick (120) ferner min-
destens ein Zugband beinhaltet, das mit dem Able-
gemodul (200) gekoppelt werden kann, sodass,
wenn das Ablegemodul (200) in Eingriff mitdem Ute-
rus-Einsatz (100) steht, das Ablegemodul (200) ein-
gesetzt werden kann, um das mindestens eine Zug-
band zu ziehen und dadurch das Einsatzverlange-
rungsstiick (120) zu krimmen.

System nach einem der Anspriiche 1 bis 8, das dazu
ausgelegt ist, die Ablagerung von Substanzen von
dem Einsatzverlangerungsstiick durch Ablage-
rungsporen entlang des Einsatzverlangerungs-
stlicks und/oder einer Diise an einer Spitze des Ein-
satzverlangerungsstiicks zu gestatten, wobei die
Substanzen bevorzugt mindestens eine antibakteri-
elle Zusammensetzung sind.

System nach einem der Anspriiche 1 bis 9, das fer-
ner eine Stromversorgungseinheit beinhaltet, die
elektrisch mit einer Pumpe gekoppelt ist, wobei die
Pumpe mit einem primaren Speisekanal gekoppelt
ist, wobei der primare Speisekanal bevorzugt durch
das gesamte Einsatzverlangerungsstick undzuden
Poren und/oder zu der Duse fihrt.

System nach einem der Anspriiche 1 bis 10, das
dazu ausgelegt ist, das visuelle Uberwachen des
Uterusgewebes zur Sichtprifung auf Endometrium-
parameter zu gestatten, bevorzugt auf Driisenzahl,
Dichte, Grofie, Verteilung, BlutgefaRdichte, Blutge-
faBverteilung, Blutsauerstoffsattigung und Gesamt-
sauerstoffkonzentration, bevorzugt ausgelegt zur
kontinuierlichen Beurteilung des Zustands verschie-
dener physiologischer Merkmale in der Uterusaus-
kleidung, bevorzugt DriisengréfRe, BlutgefaRdichte
und Veranderungen in ihrem Zustand im Zeitverlauf.

System nach einem der Anspriiche 1 bis 11, das
dazu ausgelegt ist, mindestens eines der Folgenden
zu gestatten: (i) dass die Systemsteuervorrichtung
einen oder mehrere der folgenden Eingange von
dem Uterus-Einsatz empfangt: Standbilder und/oder
Videobilder; Impedanzsignale; Signale, die die
Schleimhautaziditdt anzeigen; Signale, die die
Schleimhautzusammensetzung reprasentieren;
Fluoreszenzmesssignale; und Temperaturmessun-
gen oder (ii) zu gestatten, dass einer oder mehrere
der folgenden Ausgénge von der Systemsteuervor-
richtung zu dem Uterus-Einsatz tibertragen werden:
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Bildakquisitionsparameter; elektrischer Strom; Anti-
kérperablagerungen; Fluorophorablagerungen;
Hormonablagerungen; Ablagerungen von pharma-
zeutischen Zusammensetzungen und Desinfekti-
onsmittelablagerungen, und dass einer oder mehre-
re der folgenden Eingange von dem Uterus-Einsatz
zuder Systemsteuervorrichtung tibertragen werden:
Standbilder und/oder Videobilder; Impedanzsignale;
Signale, die die Schleimhautaziditat anzeigen; Sig-
nale, die die Schleimhautzusammensetzung repra-
sentieren; Fluoreszenzmesssignale; und Tempera-
turmessungen, wobei die Ausgange und Eingange
bevorzugt drahtlos sind.

System nach einem der Anspriiche 1 bis 12, wobei
der Uterus-Einsatz (100) ferner eine Verschluss-
klappe (152) beinhaltet, die dazu ausgelegt ist, sich
zu schlieBen, wenn der Uterus-Einsatz (100) von
dem Ablegemodul (200) geldst wird.

System nach einem der Anspriiche 1 bis 13, wobei
das Einsatzverlangerungsstiick (120) ferner eine
Schnur (157) beinhaltet, die dazu ausgelegt ist, das
Durchfiihren mindestens einer der folgenden
MaRnahmen zu gestatten: verdrahtete Kommunika-
tion zwischen dem Uterus-Einsatz (100) und der
Systemsteuervorrichtung (300); Unterstitzen beim
Zurlickziehen des Einsatzverlangerungsstiicks
(100); und Unterstiitzen der Drainage aufRerhalb ei-
ner Vagina, in der das Einsatzverlangerungssttick
(100) eingesetzt ist.

Revendications

1.

Systeme de surveillance continue de [l'utérus

comprenant :

un élément inséré utérin (100), un module de
déploiement (200), un dispositif de commande
de systeme (300) et un affichage ;

le module de déploiement (200) étant configuré
pour pouvoir entrer en prise de maniére amovi-
ble avec I'élémentinséré utérin (100) ; 'élément
inséré utérin étant congu pour étre positionné
dans un utérus sur une période de temps pro-
longée et ayant une extension d’élément inséré
(120), qui (i) comprend au moins un détecteur
(125) et (ii) étant congue pour subir une flexion
quand I'élément inséré utérin (100) est mis en
prise avec le module de déploiement (200) ;

le dispositif de commande de systeme (300)
étant couplé de maniére fonctionnelle pour re-
cevoir des signaux de maniére continue de I'au
moins un détecteur et pour convertir les signaux
en données représentant les signaux, et
I'affichage couplé de maniere fonctionnelle pour
afficher les données du dispositif de commande
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de systeme (300) .

Systéme selon la revendication 1, dans lequel I'élé-
ment inséré utérin (100) comprend en outre un corps
d’élément inséré (110), pouvant étre couplé a I'ex-
tension d’élément inséré (120) et comprenant des
moyens d’entrée en prise souples, préférablement
les moyen d’entrée en prise souples étant configurés
pour immobiliser I'élément inséré utérin et pour an-
crer le corps d’élément inséré dans la partie supé-
rieure du vagin, juste avantl'entrée du col de l'utérus,
et les moyens d’entrée en prise souples sont choisis
dans un groupe constitué : d’ailettes courbées et
crantées, d’éléments gonflables et de combinaisons
de ceux-ci.

Systéme selon I'une quelconque des revendications
1 a2, dans lequel I'élément inséré utérin (100) com-
prend en outre une unité d’alimentation électrique
couplée électriquement a I'au moins un détecteur,
dans lequel le détecteur est choisi dans un groupe
constitué : d’'une caméra, d’'un thermomeétre, d’'une
électrode sensible au pH, d’'un détecteur d'impédan-
ce bioélectrique et de combinaisons de ceux-ci.

Systéme selon I'une quelconque des revendications
1 a 3, dans lequel I'élément inséré utérin comprend
un microscope, le microscope comprenant une ca-
méra et préférablement la caméra est configurée
pour permettre une vue dégagée des parois d’'un
utérus (I'endometre).

Systéme selon la revendication 3 ou 4, comprenant
en outre un composant d’éclairage configuré pour
éclairer pour la caméra.

Systéme selon I'une quelconque des revendications
3 a 5, dans lequel I'extension d’élément inséré com-
prend en outre au moins une buse configurée pour
permettre le lavage d’au moins une lentille de la ca-
méra.

Systéme selon I'une quelconque des revendications
1 a6, dans lequel I'extension utérine comprend des
éléments de stabilisation (156) configurés pour an-
crer I'extension d’élément inséré contre les parois
de l'utérus, préférablement pour permettre une dis-
tance fixe de la caméra aux parois.

Systéme selon I'une quelconque des revendications
1 a7, dans lequel la prolongation d’élément inséré
(120) comprend en outre au moins un cordon qui
peut étre couplé au module de déploiement (200),
de sorte que quand le module de déploiement (200)
est mis en prise avec I'élément inséré utérin (100)
le module de déploiement (200) peut étre employé
pour tirer I'au moins un cordon et plier ainsi I'exten-
sion d’élément inséré (120).
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Systeme selon I'une quelconque des revendications
1 a 8, configuré pour permettre le dépbt de substan-
ces a partir de I'extension d’élément inséré a travers
des pores de dépbt le long de I'extension d’élément
inséré et/ou d’'une buse au niveau d’une pointe de
I'extension d’élément inséré, préférablement les
substances sont au moins une composition antibac-
térienne.

Systeme selon I'une quelconque des revendications
1 a9, comprenant en outre une unité d’alimentation
électrique couplée a une pompe, danslequella pom-
pe est couplée a un canal d’alimentation primaire,
préférablement le canal d’alimentation primaire pas-
sant a travers I'extension d’élément inséré et jus-
qu’aux pores et/ou jusqu’a la buse.

Systeme selon I'une quelconque des revendications
1 a 10, configuré pour permettre la surveillance vi-
suelle du tissu utérin pour inspecter des paramétres
endomeétriaux, préférablement le nombre, la densité
en nombre, la taille, la répartition des glandes, la
densité des vaisseaux sanguins, la répartition des
vaisseaux sanguins, la saturation en oxygéne du
sang et la concentration totale d’oxygéne, préféra-
blement configuré pour évaluer de maniére continue
I'état de diverses caractéristiques physiologiques
dans le revétement utérin, préférablement la taille
des glandes, la densité des vaisseaux sanguins, et
les changements de leur état dans le temps.

Systeme selon I'une quelconque des revendications
1 a 11, configuré pour permettre au moins un des
suivants (i)que le dispositif de commande de systé-
me regoive une ou plusieurs des entrées de I'élé-
ment inséré utérin : des images fixes et/ou vidéo ;
des signaux d’impédance ; des signaux reflétant
I'acidité de la muqueuse ; des signaux représentant
la composition de lamuqueuse ; des signaux de me-
sure de fluorescence ; et des mesures de tempéra-
ture ou (ii) pour permettre qu’une ou plusieurs des
sorties suivantes puissent étre transférées du dis-
positif de commande de systéeme a I'élément inséré
utérin : des parametres d’acquisition d’'image ; du
courant électrique ; des dépbts d’anticorps ; des dé-
pots de fluorophores ; des dépdbts d’hormones ; des
dépbts de compositions pharmaceutiques etdes dé-
pots de désinfectant ; et qu'une ou plusieurs des en-
trées suivantes puissent étre transférées de I'élé-
ment inséré utérin au dispositif de commande de
systéme : desimages fixes et/ou vidéo ; des signaux
d'impédance ; des signaux reflétant I'acidité de la
muqueuse ; des signaux représentant la composi-
tion de la muqueuse ; des signaux de mesure de la
fluorescence ; et des mesures de température, pré-
férablement les sorties et les entrées sont sans fil.

Systeme selon I'une quelconque des revendications
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1a12,dans lequell'élémentinséré utérin (100) com-
prend en outre un obturateur (152) configuré pour
se fermer quand I'élément inséré utérin (100) n’est
plus en prise avec le module de déploiement (200).

Systéme selon I'une quelconque des revendications
1 a 13, dans lequel I'extension d’élément inséré
(120) comprend en outre un cordon de serrage (157)
configuré pour permettre la réalisation d’au moins
une des actions suivantes : une communication fi-
laire entre I'élément inséré utérin (100) et le dispositif
de commande de systéme (300) ; pour faciliter le
retraitde I'extension d’élémentinséré (100) ; et pour
faciliter le drainage a I'extérieur du vagin dans lequel
I’extension d’élément inséré (100) est installé.
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