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FIGURE 1

(57) Abstract: Disclosed in a system (100) for guiding a user in navigating an interventional device (125) during a procedure. The
system (100) comprises, an ultrasound scanner (105) for capturing ultrasound images of a uterus of the subject, and a computing device
(115), wherein the 5 computing device (115) generates a 3D representative model of the uterus using one or more annotated images,
generates initial guidance parameters for moving a tip of the interventional device (125), from a reference point to reach a target point
in a target region, generates treatment parameters using the three-dimensional representative model of the uterus, displays and during
the procedure, the computing device (115) periodically updates the guidance parameters based 0 on a current position of the tip of the
interventional device (125), real-time data of the interior of the uterus and the initial guidance parameters.
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ASYSTEM AND METHOD FOR GUIDING A USER IN NAVIGATING A DEVICE
DURING A PROCEDURE

[361] 'This complete specification claims priority from the provisional application
3 numbered “2022410415817, titled “system and method for guidance and navigation
during interventional procedures”, filed on July 20, 2023, and the provisional application
nnbered “2022410416867, titled “a system and method for guidance and estimation of

treatment zone during interventional procedures” filed on July 26, 2623.

10 TECHNICAL FIELD

1602) The present disclosure generally relates to systems and methods used in
mierventional procedures and more particularly 1o a system and method for guiding a user in

navigating a device during a procedure.
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W

BACKGROUND

[363] Interventional procedures are performed to diagnose or treat uterine fibrods. These
procedures may mchude, but are not limited to ablation, biopsy, drug delivery etc. These
20 procedures are required to reach the target location in the fibroid to perform diagnosis or

treat the fibroids.

[664] For instance, ablation which is one of the mimmally invasive interventional
procedures that uses themmal encrgy to target fibroids to reduce the size of the fibroid

25 significantly. Tvpically, ablation 1s done through a laparoscopic or a transcervical procedure.
During the iaparoscopic procedure, physicians make a small opening in the abdomen to
msert a laparoscope with a camera at the tip. Using the laparoscopic camera and a
laparoscopic ultrasound tool, the physicians locate the fibroids and deploy ablation needie
mto the fibroids to treat the fibroids.

30
1065] During the transcervical procedure, an imaging device {a transcervical oltrascund

transducer for example) and a device having needle are inserted through the cervix to locate

and treat the fibroids.
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[B86] As described, the conventional systems and methods provide real-time two-
dimensional 1images captured from an imaging device and the physicians need to visualize
and characterize the fibroids, and orient, move, and operate the device to reach the target
5 arca of the fibroids. Hence the procedures using the conventional system arc complex, and
planming depends on the intuition and expenience of the physicians. In addition, since the
conventional procedures are subjective and skillful in nature, there are high chances of not
reaching the target location and delivering optimal intervention leading to incomplete
treatment, prolonged hospitalization and further surgical intervention. Further, the
10 conventional procedure using the conventional device is subjective as the physician needs to
locate and plan the procedure. Adapting to the devices and procedures is complex and

requires additional training or a skilled person.

BRIEF SUMMARY

Ju—
W

[667] This summary is provided to introduce a selection of concepts in a simple manner
that is further described o the detailed description of the disclosure. This summary is not
mtended to identify kev or essential inventive concepts of the subject matter nor is if
mntended for determining the scope of the disclosure.

20
[008]  To overcome at least one of the problems mentioned above, there exists a need fora
system and method for guiding a user in pavigating an interventional device during an

terventional procedure on a subject.

N
[

[609] A moethod for guiding a user in navigating an mderventional device through the
corvix uien of a subjoct during an nforventional procedurs on the subiect 1s disclosed. The
method comprises, captunng a plurality of ultrasound images of a uterus of the subject using
an ultrascund transducer, displaving the plurality of ultrasound 1mages on a display vt for
cnabling the user 1o select one or more fmages from the plurality of ulirasound 1mages,
30 receiving annoiations provided by the user on the one or more mnages selected by the aser,
the annodations indicating the wicrus landmarks and one or more target regions inside the
uiorns, generating a three~-dimensional represoniative model of the wiorus using the annotated

fmages, generating jnitial guidance parametors for moving a tip of the interventional deviee,
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from a reforence point to reach a farget point in the target region, wherein the guidance
parameters are generated using the thres-dimensional representative model of the wiorus,
generating treatment parameters based on the one or more target regions maide the wterus,
displaving the pguidance paramciers and the treatment parametors on the display ounil,
capturing real-time data of uterus, using the uhtrasound transducer while the user moves the
tip of the wierventonal device fowards the targe! poind, and penodically updating the
guidance parametors based on current posttion of the tp of the wterventional device, the real-

itme data, and the initial guidance parameters.

[6018] Further, a aystem for guiding a user in navigating an mterventional device through
the cervix uteri of a subject during an interventional procedure on the subject is disclosed.
The system comprises, an ultrasound scanner configured for capturing a plurality of
ultrasound images of a uterus of the subject using an ultrasound transducer, and a computing
device configured for, displaying, on a display unit, the plurality of ultrasound images for
enabling the user to s¢lect one or more images from the plurality of ultrasound images,
receiving, through the display unit, annotations provided by the user on the one or more
images selected by the user, the annotations indicating the uterus landmarks and one or more
target regions inside the uterus, generating, by a three-dimensional model generation module,
a three-dimensional representative model of the uterus using the annctated images, generating
imitial guidance parameters, by a guidance parameter generation module, for moving a tip of
the interventional device, from a reference point to reach a target point i the target region,
wherein the guidance parameters are generated using the three-dimensional representative
model of the uterus, generating treatment parameters, by a treatment parameier generation
module, using the three-dimensional representative model of the uterus, displaving, on the
display unit, the guidance parameters and the treatment parameters on the display amit,
capturing, through the ultrasound scanner, real-time data of uterus while the user moves the
tip of the mterventional device towards the target point, and penodically updating, by a
processor, the guidance parameters based on a current position of the tip of the interventional

device, and the initial guidance parameters.

[0011} To further clanfy advantages and features of the present disclosure, a more

particular description of the disclosare will be rendered by reference to specific embodiments

(43
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thereof, which is illustrated in the appended figures. It is to be appreciated that these figures
depict only typical embodiments of the disclosure and are therefore not to be considered
bmiting of s scope. The disclosure will be described and explamed with additional

specificity and detail with the accompanying figures.

BRIEF DESCRIPTION OF THE FIGURES

[0012] The disclosed method and system will be described and explained with additional

spectficity and detail with the accompanying figures in which:

10013} Figure 1 is block diagram of a system for guiding a user in navigating an
mterventional device during an interventional procedurc on a subject in accordance with an

embodiment of the present disclosure;

[6014] Figure 2 is a block diagram of the computing device 1135 in accordance with an

embodiment of the present disclosure;

[6615] Figure 3 shows an excmplary image displayed by the computing device in

accordance with an embodiment of the present disclosure;

[0016] Figure 4 shows an exemplary interventional device for performing the mterventional

procedure;

[0017] Figure S illustrates an example method of generating a 3D model,

[0018] Figure 6 shows a graph ulustrating a method of determining a shortest distance

between two points in a 3D space;

{6019} Figure & shows the image requirement in accordance with an embodiment of the

present disclosure; and

[0028] Figure 8 shows an exemplary interface displaying additional guidance parameters in

accordance with an embodiment of the present disclosure.
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16021] Further, persons skilled in the art to which this disclosure belongs will appreciate
that clements 1 the figures are illustrated for simplicity and may not have been necessanily
drawn to scale. Farthermore, 1n terms of the construction of the joining ring and one or more
components of the bearing assembly may have been represented m the figures by
conventional symbols, and the figures may show only those specific details that are pertinent
to understanding the embodiments of the present disclosure so as not {o obscure the figures
with details that will be readily apparent to those of ordinary skill in the art having benefit of

the description herein.

BETAILED DESCRIPTION

60221 For the purpose of promoting an understanding of the principles of the disclosure,
reference will now be made to the embodiment iHlusirated in the figures and specific language
will be used to describe them. It will nevertheless be understood that no limitation of the
scope of the disclosure is thereby mtended. Such alterations and further modifications to the
disclosure, and such further applications of the principles of the disclosure as described herein
being contemplated as would normally occur to one skilled m the art to which the disclosure

relates are deemed to be a part of this disclosure.

{00231 It wili be undersiood by those skilled in the art that the foregoing general description
and the following detailed description are exemplary and explanatory of the disclosure and

are not intended to be restrictive thereof,

[0024]  In the present disclosure, relational terms such as first and second, and the like, may
be used to distinguish one entity from the other, without necessarily implying any actual

relationship or order between such entities.

[0025] The terms "compnses”, "comprising”, or any other variations thereof, are intended
to cover a non-exclusive incluston, such that a process or method that comprises a list of steps
does not mchude only those steps but may include other steps not expressty listed or inherent
to such a process or a method. Sumilardy, one or more elements or structures or components

preceded by "comprises... a” does not, withowt more constraints, preclade the existence of
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other elements, other structares, other components, additional devices, additional elements,
additional structures, or additional components. Appearances of the phrase “in an
embodiment”, “in another embodiment” and similar language throughout this specification

may, but do not necessanly, all refer to the same embodiment.

10026] Unless otherwise defined, all techaical and scientific terms used herein have the
same meaning as commonly understood by one of ordimary skill m the art to which this
disclosure belongs. The components, methods, and examples provided herein are llustrative

onfy and not intended to be limiting.

{0027 Embodiments of the present disclosure will be described below in detail with

reference to the accompanying figures.

{0028} Embodiments of the present disclosure disclose a system and a method for guiding a
user in navigating an ierventional device through the cervix utent of a subject during an
mterventional procedure on the subiect. Initially, a plurality of ultrasound 1mages of a uterus
of the subject s captured through an ultrasound transducer. In a preforred embodiment, the
plurality of ultrasound images of the uterus is captured by introducing the ultrasound
transducer trans-vaginally proximal to the cervix utert of the subject. Alternatively, the
images may be captured using an abdominal ultrasound transducer. The plurality of
ultrasound images arc then displayed on a display unit for enabling a user to select one or
more images from the plurality of ultrasound wmages and for annotating the selected 1mages.
Then the system recetves the annotations provided by the user on the one or more images
selected by the user, the annotations indicating the uterus landmarks and one or more target
regions tnside the uterus. The term uterus landmarks as described herein refers to anatomical
features, structures, or reference poimts of the uterus that helps i defining its structure,
function, or location. Then the system generates a three-dimensional representative model of
the vterus using the annotated tmages. Further, using the three-dimensional representative
model of the uterus, the system generates mitial guidance parameters for moving a tip of the
mterventional device, from a reference point to reach a target point in the target region and
gencrates treatiment parameters based on the one or more target regions inside the vterus, and
displavs the guidance parameters and the treatment parameters on the display unit to guide

the user durnng the imterventional procedure on the subject. While performing the
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mterventional procedure, that is while savigating the tip of the interventional device, the
svstem capiures real-time data of the uterus, using the ultrasound transducer, and periodicaily
updates the guidance parameters based on a current position of the tip of the interventional
device, the real-time data of the interior of the uterus and the initial guidance parameters. It is
to be noted that the target region mayv be a fibroid or any region in the uterus. In the present
disclosure, fibroid is considercd as an example target region and the target pomt may be any

point in the fibroid.

[0029] Figure 1 is block diagram of a svstem for guiding a user in npavigating an
mterventional device during an interventional procedure on a subject in accordance with an
ermbodiment of the present disclosure. As shown, the system 100 comprses an ultrasound
transducer 103, a data transfer device 110, a computing deviee 115 and a display deviee 120,
wherein the said devices are communicatively comnected through wired or wircless

communication networks.

0030} The ultrasound transducer 105 s a transvaginal uvltrasound transducer used in the
hospital for scanning human subjects. Altematively, the ultrasound transducer 105 may be an
abdominal altrasound transducer. The ultrasound transducer 105 s commumicatively
connected to an ultrasound scanner {not shown) and the ultrasound transducer 105 radiates
ultrasound and receives reflected ultrasound and thereby. The scanner then uses the reflected
ultrasound to generate images. Thiring the scanning procedure, the ultrasound transducer is
mtroduced trans-vaginally proximal to the cervix utert of the subject and a plurality of
ultrasound images of a uterus of the subject is captured. In the case of the abdominal
ultrasound transducer, the fransducer is swept along the abdomen to acquire a volume scan of
the entire uterus in different orientations and the images are captured. In one embodiment of
the present disclosure, the plurality of ultrasound images of the uterus is obtained by scanning
the uterus in two orthogonal planes and onc or more images are captured in cach of the two

orthogonal planes.

0031} The data transfer device 110 then transfers the plurality of ultrasound mmages to the

computing device 113 for further processimg. The data transfer device 110 may be a frame
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grabber or a wired or wircless commumication module or any other equipment capable of

transfernng digital image data from a source device to a destination device.

16032] In onc ombodiment of the present disclosure, the computing device 115 ig
configured for guiding the user i pavigating an interventional device 125 through the cervix
uteri of the subject during an interventional procedure on the subject. The computing device
115 may include, for example, a computer server or a network of computers having
commumnication and computational capabilities for processing high volume data. Hence, the
computing device 115 may include one or more processors, associated processing modules,
mterfaces and storage devices communicatively interconnected to one another through one or
more compunication means for communicating information. The storage associated with the
computing device 115 may include volatile and non-volatile memory devices for storing
information and instructions to be executed bv the one or more processors and for storing
temporary variables or other intermediate mformation during processing. In one embodiment
of the present disclosure, the computing device 115 comprises an input and cutput module
120 for receiving calibration data from the user and for guiding the user during the
interventional procedure.

16033] Figure 2 is a block diagram of the computing device 115 in accordance with an
embodiment of the present disclosure. As shown, the computing device 115 comprises a
network mterface module 203 enabling communication with the data transfer device 110, a
processor 204, a memory module 206 for storing temporary data during processing and for
storing instructions to be executed by the processor 204, Further, the data transter device 110
comprises a 3D model generation module 208, guidance parameter generation module 210

and a treatment parameter generation module 212,

[0034] As described, the plurality of ultrasound images of the uterus of the subject is
captured by scannming the uterus i two orthogonal planes, and the captured 1mages are
comprunicated to computing device 115, That is, one or more nmages are captured in each of
the two orthogonal plancs. In one embodiment of the present disclosure, the user may set a
resolution for the mmcoming images and all the images will be converted to the resolution set

by the user and stored in the memory for further processing.

o



10

Ju—
W

20

36

WO 2024/105704 PCT/IN2023/051072

{0035} Then the processor 204 displays the plurality of ultrasound mmages on the display
untt 120 for enabling the user to select one or more images from the phurality of ultrasound
tmages, the one or more images including at least one image obtained from scanning 10 cach
of the two orthogonal planes. That is, the computing device 115 displays all the ultrasound
images and enables the user to browse through all the images to select one or more mages in
which the uterus and the target regions {one or more fibroids) are clearly visible. Farther, the
computing device 115 enables the user to annotate the one or more images selected by the
user. In one embodiment of the prescut discloswre, the annotations include calibrating the
selected tmages, marking the uterus landmarks, and marking the one or more fibroids in the
uterus. In a preferred embodiment, the annotations further include marking target points in
the one or more tibroids. However, the guidance parameter generation module 210 may be
configured to determine the target point in the fibroid based on the maximum length, the
maximom width, and the maximam depth of the fibroid, for example. In anocther
embodiment, the computing device 115 1s configured for automatically selecting and

annotating the one or more images using trained machine leaming models.

[0036] Figure 3 shows an cxemplary mmage displayed by the computing device n
accordance with an embodiment of the present disclosure. As shown, the computing device
115 displays the mmage on the display unit 120 and provides an image scale 303 for
calibration by the user. Based on the calibration, the computing device 115 computes the
length of cach pixel This value is used to get the coordinates of uterus and the one or more
fibroids based on the annotation on the anatomucal features of the uterus. That 1s, when the
user annotates the uterus and the fibroids, the computing device 115 identifies the number of
pixels i the annotations. Upon this calibration, the user annotates uterus and the one or more
fibroids and its relevant orentation details in each of the selected images. That ig, the user
needs to annotate at least the uterus landmarks and the one or more fibroids in the one or
more tmages in each of the orthogonal planes obtained from scanning in two orthogonal
planes. Further, the user needs to annotate at least the uterus landmarks and the one or more
fibroids 1n the one or more images obtained from scanning in the two orthogonal planes. The
user may annotate the selected wmages in multiple ways using one or more tools provided by

the computing device 115, For example, the user may mark the uterus and the one or more
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fibroids inside the uterus by drawing circle(s), ellipse(s), dots, hines, etc. The annotated
images are stored in the memory module 206 for further processing. As described, the
computing device 115 may avtomatically select and annotate the one or more images using

the trained machine learning models.

[0037] Once the user annotates the uterus landmarks and the one or more fibroids, the
plurality of ultrascund images and the one or more annotated images {(that is the anatomical
featurgs) are post-processed by the computing device 115 to detect the coordinates in three
dimensions (3D coordinates) of the uterus and one or more fibroids inside the uterus, and to
generate a 3D representative model of the vterus. These 3D coordinates are used to gencrate
the initial gwmidance parameters to the one or more fibroids, specifically, for guiding the user
to navigate the tip of the micrventional device from a reference point to a target point in the
fibrowd. If muitiple fibrowds are wdentified, the 1mtial guidance parameters are generated for
each fibroid. The mitial guidance parameters may include, but not limited to, a profile, a
length of the trasscervical inferventional device 1235, angulation of the transcervical
mterventional device 125 and a length of insertion of the transcervical interventional device
125 from a reference pomt. In one embodiment, the reference point is an external onifice of
the uwterus. Figore 4 shows an excmplary interventional device for performing the
interventional procedure. Referring to the Figure 4, the profile of the interventional device
1235 defines and refers to the angled tip 408. That 1s, the mterventional device 125 mav work
with different angled tip having different angles, which may vary between zero to forty-five
degrees. Further, angulation of the transcervical interventional device 125 as described herein
refers to an angle at which the interventional device 125 needs to be rotated during the
procedure. The device comprises an adjustable stopper 409 which is adjustable based on the

msertion length to prevent accidental msertion of the ncedle into the uterus.

[6038] Refernng to Figure 2, on recciving the annotations from the user, the 3D model
generation module 208 generates a 3D representative model of the uterus. The term 3D
representative model as descnibed herein refers to a model of the uterus and may not be an
cxact 3D replica of the uterus. In other words, the 3D representative model of the uterus
resembles a 3D model of the uterus. In one embodiment of the present disclosure, the 3D

model generation module 208 uses the information sach as uterus dimensions, one or more

16
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fibroid dimensions, one or more fibroid positions with respect to a reference point {extermal
onfice of the uterus) for generating the 3D representative model of the uterus. In one
embodiment of the present disclosure, the reference point is the cervix uvteri. Suach
information is determined based on the user’s annotations on the images chtamned from
scanning in the two orthogonal planes. That is, once the user annotates the uterus landmarks
and the one or more fibroids in the one or more mmages, the 3D model generation module 208
processes the annotated tmages and generates the values required for the gencrating the 3D
representative model of the uierus. That 1s, the 30 model generation module 208 derives the
width and depth of the uterus and fibroids from the annotations on the images obtained
through scanning in two orthogonal planes. Then the distance of a fibroid is derived using the
annotated 1mages of the uterus and the fibroid. Sinularly, the length of the uterus and the
fibroid are denived from the annotated images obtained through scanning in two orthogonal
planes. The distance of the fibroid is derived trom the annotated images of the uterus and the
fibroid. Figure 5 illustrates an example method of generating a 3D representative model. As
shown, the images annotated with uteras landmarks and the fibroid are used and the distances
arc measured using the calibration data. Then the plurality of ultrasound images s used o

generate the 3D representative model of the uterus.

16039] On generating the 3D representative model of the uterus, the guidance parameter
generation module 210 generates the mitial guidance parameters for guiding the user to reach
the one or more fibrowds during the interventional procedure on the subject. The initial
guidance parameters may include, but not himited to, a profile, a length of the transcervical
mterventional device, angulation of the transcervical interventional device and a length of
mesertion of the transcervical interventional device from a reference pomt, wheremn the
reference point is the external orifice of the vterus. In one embodiment of the present
disclosure, the guidance parameter generation module 210 uses the 3D representative model
of the uterus for generating the initial guidance parameters. That is, one or more values for
each of the guidance parameters are calculated based on the reference point and the target
point in the 3D representative model, wherein the reference point 1s the external orifice of the
uterus, and the target site point is preferably any location in the fibroid. For example,
considering the guidance parameter generation module 210, on receiving the annotations on

the fibroids, the guidance parameter gencration module 210 computes the size of the fibroid

It
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based on the number of pixels. Similarly, on identifving the reference point and the target
point, the guidance parameter generation module 210 computes the distance between the

reference point and the target pomt.

[0046] It is to be noted that a proprictary interventional device 125 (shown in Figure 1) for
mterventional procedures is compatible with different angled tips (hereafter referred as
profile) that allows the extension of the device 125 in a range of its specified angles. These
sets of angles help in covering the major parts of the uterus for the mtervention. In addition,
the device 125 conymises markings to determine extent of extension of an interventional
device, markings provided on a sheath to enable determimation of extent of tnsertion of the
angled tip mto the uterine cavity and rotary markings provided on the device 125 to enable
determination of rotational oricntation of the sheath. The system and method disclosed in the
present disclosure generates guidance parameters to assist in interventional procedure for
fibroid using the device 125, In other words, the system and method provide values to sclect
and adjust various components of the device 125 to precisely reach the target point in the

fibroid.

(0041}  As described, the annotation data i1s used to get the coordinates of the reference point
and the target point in the target region, that is a target point i the fibroid. Onece the
coordmates of the reference point and the target pomt is generated, the guidance parameter
generation module 210 generates the initial guidance parameters for guiding the user to reach
the one or more target points in the fibroid during the interventional procedure on the subject.
It 1s to be noted that the mitial guidance parameters are generated to reach each of the one or
more target ponts in the fibroid. In one embodiment, the guidance parameter generation
module 210 reads the target point m the fibroid and the reference point m the 3D
representative model and determines the shortest distance between the two points. Figure 6
shows a graph illustrating a method of determining the shortest distance between two points
in a 3D space. This distance is run through multiple combinations of the mterventional device
having different angolations, lengths of angled tip and the length of the mterventional device.
As shown, the guidance parameter generation module 210 computes the distance between

external ornfice 604 (reference pomt) of the uterus and the target point 608 n the fibrowds
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based on the number of pixels covered and the angle is determined based on the reference

point and the one or more fibroids,

16042] 'The guidance parameter generation module 210 also computes an angle between the
two poinds and converts the angle into a rotational value which will be conmunon for all types
of mterventional device 120. On identitving the shortest distance and the angle between the
reference pomt {extermnal orifice of the utenus} and the target point in the fibroid, the guidance
parameter generation module 210 generates guidance parameters by shortlisting the common
intervention devices having differont profiles and picks up the optimal one from that group,
wherein the optimal one is the one having minimuom vanation (in distance} between a tip of
the intervention device 125 and the target point i the fibraid. That is, based on the distance
between the reference point and the target point, the guidance parameter gencration module
210 selects the length of the mterventional device 125, and based on the angle, it selecis the
profile of the interventional device 125, The vanation n distance is computed using the 3D
representative model of the uterus, coordinates of the reference point and the coordinates of
the target point and the device profile, the length of the transcervical interventional device,
angulation of the tramscervical imterventional device and a length of nsertion of the
transcervical mterventional device. For example, the guidance parameter generation module
210 computes the required length of the interventional device 125 and the length of nsertion
of the 125 based on the Y distance between the reference point and the target point. As shown
in Figure 6, the profile and the angulation of the interventional device 125 is calculated based
on the target point of the fibroid. In any combination of the gidance parameters, the length
of msertion of the uierventional device 125 1s preferably between 2em and Scm, however the
mesertion length may vary. Considering an interventional device 1235 having five different
profiles, for example, having different angulation and length, the guidance parameter
generation module 219 shorthists one having minimum variation (in distance) between a tip of
the mtervention device 125 and the target point in the fibroid, wherein the vanation is
calculated based on the spatial co-ordinates. Below table explains the process of shortlisting

the profile of the mterventional device 125.

fteration 1 Profile A = 3 mm variation Considered profilc is B
Profile B = 4 mim variation Varation is 4 mm

13
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fteration 2 Profile B = 4 mm vanation Considered profile 1s C
Profile C =3 mm varation Yariation is 3 mm
teration 3 Profile C = 3 mm variation Considered profile is D

Profile D = 2 mum variation Vanation is 2 pun

Iteration 4 Profile D = 2 mm variation Considered profile is E
Profile E = 1 num variation Variation 15 1 mm

{3843} In the above example, the guidance parameter gencration module 210 selects the
interventional device 125 having profile £ which has minmimmum variation among others.

Further, the guidance parameter generation module 210 displays the profile along with the

W

distance between the reference point and the target point in the fibroid.

{6044} As described, based on the 3D representative model of the uterus, the reference
point {the external ornifice of the uterus) and the target point in the fibroid, the guidance
parameter generation module 210 generates the initial guidance parameters {values) to assists
10 the user in navigating to the target point in the fibroid. The guidance parameters inclade but
not limited to length of the interventional device 125, profile, type of the angled tip, length of
the angled tip, and angle of rotation of the angled tip from the reference pomnt on the
miervention device. As described, the guidance parameters and their values are displayed on

the display unit 120 of the computing device 115.

[3845] In one embodiment of the present disclosure, the treatment parameter generation
module 212 generates the treatment parameters for treating the fibroids 1o the uterus of the
subject. The treatioent parameters as described hercin may include but wvot limited to
freatment power, temperature and treatment time, etc., wherein the treatment parameters are
20 determined based on maximum length, maximum width, and the maximum depth, and the
specification of the interventional device 125, The treatment parameter generation module
212 of the device 115 reads treatment parameters from i treatment chart stored in the
proposed systern which is obtained by the treatment device manufacturer that contains the
estimated treatment area for a specific combination of parameter. Based on the maximum
25 length, the maxuoum width, and the maximum depth of the fibroid and the device

specification, the treatment paramcter geoeration module 212 generates the treatment

14
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parameters for treating the fibroids in the uterus. The treatment parameter can include the
treatment power and the treatment time 1f the procedure us a radiofrequency ablation. The
treatment options can also melude microwave ablation, eltrasound ablation, cryoablation, or

mjecting drugs to the centre of the fibroid.

[6046] Upon generating the gwmidance parameters and the treatment parameters, the
computing device 115 displays the same on the display unit 120 along with the 3D
representative model of the uterus. The 3D representative model displaved on display umit
120 15 an nteractive model which can be rotated by the user. In one embodiment, the display
unit 120 displays the details of cach fibroid when it 15 activated mdividually. The details of
the fibroid, along with fibroid size, fibrowd position also contains the gwidance and the
treatment paramcters of the fibroid. Hence, the svstem provides the detailed mnformation on
the uterus and the fibroids along with the mitial gwidance parameters and the treatment
parameters, thereby enabling the user to use the correct mnterventional device 125 during the

interventional procedure.

[30847] During the mterventional procedure, once the user inserts the mterventional device
125 through the cervix uteni of the subject and positions the transducer, the transducer scans
both the target point in the fibroid region and the angulated tip in the same image. The image
having both the target point 1n the fibroid region and the angulated tip 1s captured from the
video using data transfer device 110 and is sent to the computing device 115 for further
processing and guiding the user. The physician can perform this step of capturing image
ouidtiple times to capture the image as per the requirement. Altematively, image may be

captured using abdominal ultrasound transducers.

13048] On receiving the image, the processor 204 displays the image on the display unit
120 (preferably a touch screem display), wherein the image comprises the image of the
angulated tip, the target point in the fibroid to which the tip of the interventional device 125
device should reach, and a reference scale of the captured image. In one embodiment of the
prescnt disclosure, the tmage of the angulated tip, the target point in the fibroid to which the

tip of the mterventional device 125 device should reach is displaved as an overlay on the 3D
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representative model of the uterus. The processor 204 further displays an image scale using

which the user may calibrate the image.

1304%] Figure 7 shows the image requirement in accordance with an embodiment of the
present disclosure. As shown, the image should include the target region (the fibroid region)
704, and the angulated tip 708 of the interventional device 123, The user then needs to
wdentify the points on the captured image’s reference scale 712 and indicate the displayed
scale length and needs to click on the top and bottom point to indicate the annotation
reference scale value. Preceding this, the user needs fo detect the angulated tip 708 and click
on them, with a cursor on the screen, respectively. This annotated frame 18 saved to display
an overtay of the path with which the interventional device 125 projects with its specified
length, along with an cstimation of the treatment zove and its safety region. The manner i
which the system 100 guides the user during the procedure is described in detasl further

below.

[B656] As descrbed, an image (of both the fibroid region and the angulated tip inclusive)
is captured from the ultrasound transducer for processing by the computing device 115, The
computing device 1135 displays the image for annotation by the user. This annotation is used
by the computing device 115 for calculating the pixel dimensions. Further, the user annotates
the angulated tip. using an angulated tip amnotation marker, as shown m Figure 7.
Alternatively, one or more machine leaming model is trained for identifving the rear end and
the front tip of the angulated tip. The computing device 115 then stores the annotated image
for further processing. With such annotation, the computing deviee 1135 may guide the user
to move the interventional device 115 to the target point. When the user moves the
wmterventional device 125 duning the procedure, the real-time data 1s captured and processed
i real-time or near real-time, the position of the tip of the mterventional device 125 is
computed and the processor 204 updates the guidance parameters in real-time based on a
current position of the tip of the mterventional device 125, and the wutial guidance

parameters.

[B851] In one embodiment of the present disclosure, the computing device 115 s further

configared for computing and displaving an estimated safety zone for assisting the user. The
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estimated safety zone is displayed as an overlay on the 3D representative model of the

uierus. Figure 8 shows an exemplary interface displaying additional guidance parameters in
accordance with an embodiment of the present disclosare. As shown, during the
interventional procedure, the ultrasound transducer captures the image, the image including

5 the fibrotd region 802 and the tip 708 of the interventional device 125. Then the data transfer
device 110 transfers the captured image to the computing device 120 for further processing.

On receiving the image, the computing device 115 identifies the angulated tip 708 of the
interventional device 125 and projects treatment trajectory %04 to reach the target point 808

based on the co-ordinates of the target point 804 and the co-ordinates the angulated tip 708,

10 As shown, the tip 708 of the interventional device 125 and the trajectory 1s displayed as an
overiay on the 3D representative model of the uterus. In one embodiment of the present
disclosure, the computing device 115 further computes and displays the estimated safoty

zone {outer ellipsoid 808) by adding a length (5 mm for example) to the fibroid region’s 802

(inner ellipsoid) length and width. For example, estimated safety zone (outer ellipsoid)

Ju—
W

length = 5 mum + estimated treatment zone {inner cllipsoid} length, and estimated safety zone

{outer ellipsoid) width = 5 mam + estimated treatment zone {inner ellipsoid) width.

[3652] As described, the syvstem and method disclosed in the present disclosure guides the
user in navigating the interventional device through the cervix uteri of the subject during the
20 inferventional procedure on the subject by providing data on the profile, the length of the
nterventional device required to reach the target pomt (distance between the front end of the
angulated tip and the target point), angle between the front end of the angulated tip and the
target point and the treatment zone. Whenever the user modifics the treatment device length
ot treatment parameters, the system assigns the value to the corresponding vanable, and this

25 value from the variable s taken for calculating the length accordingly.

16053] The proposed svstem and method mayv be implemented for mterventional procedures
mcluding but not imited to ablation procedures, biopsy procedures or drug delivery to the
target location.

30
[3054] While specific language has been used to describe the disclosure, any limitations

arising on account of the same are not intended. As would be apparent to a person skilled in
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the art, various working modifications may be made to the method in order to implement the

nventive concept as taught herein,

[3655] The figures and the foregoing description give examples of embodiments. Those
skilled in the art will appreciate that one or more of the described clements may well be
combined into a single functional element. Aliematively, certain elements may be split into
multiple functional elements. Elements from one embodiment may be added to another
cmbodiment. For example, orders of processes described herein may be changed and are not
limited to the manner described herein. Morecover, the actions of any flow diagram need not
be mmplemented n the order shown; nor do all of the acts necessarily need to be performed.
Also, those acts that are not dependent on other acts may be performed in parallel with the
other acts. The scope of embodiments is by no means limited by these specific examples.
MNumerous vanations, whether explicitly given in the specification or not, such as differences
i structure, dimension, and use of material, are possible. The scope of embodiments is at

least as broad as given by the following claims.
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We Claim:

1. A method for guiding a user in navigating an interventional device through the cervix
atert of a subject during an interventional procedure on the subjoct the method

5 comprising:

capturing a plurality of ultrasound 1mages of a uterus of the subject using an
ubtrasound transducer;

displaving the plurality of ultrasound images on a display unit for cnabling the
user to select one or more images from the plurality of ultrasound images;

10 recetving annotations provided by the user on the one or more 1mages selected by
the user, the annotations indicating the uterus landmarks and one or more target regions
inside the vicrus;

generating a three-dimensional representative model of the uterus using the

annotated images;

Ju—
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generating initial guidance parameters for moving 3 tip of the mterventional
device, from a reforence point to reach a target point in the target region, wherein the
guidance parameters are generated using the three-dimensional representative model of
the uterus;
generating treatment parameters based on the one or more target regions ngide
20 the uterus;
displayving the gwndance parameters and the freatment parameters on the display
unit;
capturing real-time data of uterus, using the ultrasound transducer while the user
moves the tip of the interventional device towards the target point; and
25 periodically updating the guidance parameters based on current position of the tip

of the interventional device, the real-time data, and the imitial guidance parameters.

The method as clammed n claim 1, wherem the ultrasound transducer 1s mtroduced trans-

[

vaginally proximal to the cervix utent of the subject for capturing the plurality of

30 ultrasound images of the uterus of the subject.
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52

6.

The method as claimed in claim 1, wherein the phirality of ultrasound images includes
images obtained from scanning in two orthogonal plancs.
The method as claimed in claim 1, wherein the one or more images selected by the user

include at least one image obtained from scanning in the two orthogonal planes.

The method as claimed 1n claim 1, wherein the three-dimensional representative model is
created using the one or more annotated images and one or more images from the

plurality of ultrasound tmages.

The method as claimed in claim 1, wherein the guidance parameters comprise a profile, a
length of the transcervical mterventional device, angulation of the transcervical

interventional device and a length of insertion of the mterventional device.

The method as claimed i claim 1, wherein the treatment parameters are generated for
cach of the one or more target regions based on maximum length, maximum width, and
the maximnum depth of the one or more target regions of cach of the one or more target

Tegions.

A system (100} for guiding a user in navigating an interventional device (125} through
the cervix uteri of a subject during an interventional procedure on the subject, the system
{100} comprises:
an ultrasound scanner {(103) configured for capturing a plurality of ultrasound
images of a uterus of the subject using an ultrasound transducer; and
a computing device {115) configured for:
displaying, on a display unit (120), the plarality of ultrasound images for
enabling the user o select one or more images from the plurality of ultrasound
images;
receiving, through the display unit (120), annotations provided by the user
on the one or more images selected by the user, the annotations indicating the
uterus landmarks and one or more farget regions inside the uterus;
generating, by a threc-dimensional model generation module {208), a

three~-dimensional representative model of the uterus using the annotated images;
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generating  mtial geidance parameters, by a guidance parameter
generation module (210), for moving a tip of the mierventional device (125},
from a reference point to reach a target pomt in the target region, wherein the
guidance parameters are generated using the three-dimensional representative

5 model of the uterus;

generating treatment parameters, by a treatment parameter generation
module (212}, using the three-dimensional representative model of the uterus;

displaying, on the display unit {120}, the guidance parameters and the
treatment parameters on the display unit;

10 capturing, through the ultrasound scanner (105}, real-time data of uterus
while the user moves the tip of the interventional device (125) towards the target
point; and

periodically updating, by a processor (204), the gwdance parameters

based on a current position of the tip of the interventional device (125), and the

Ju—
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initial guidance parameters.

~
7
b

8. The system (i00) as claimed m claim 7, wherein the computing device {(115) 1s
configured for determining for displaying optimal intervention on real-time data as the
intervention device reaches to the target region, a treatment trajectory (804} and a safety

20 zong {808) based on co-ordinates of the angulated tip (808), the target point (806) and the

3D representative model of the uterus.

9. The system (100} as claimed n claim 8, wherein the computing device (115) displays the
optimal miervention, the treatment trajectory (804) and the safety zone (808) as an

25 overlay on the 3D representative model of the uterus.
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