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TITLE

MEDICAL NAVIGATION SYSTEM EMPLOYING OPTICAL POSITION SENSING AND
METHOD OF OPERATION THEREOF

FIELD

The present system relates to a medical navigation system which employs

shape-sensing methods such as optical-shape-sensing (OSS) methods to perform

tracking of a surgical implement during surgical interventions and, more particularly, to a

medical navigation system which employs Fiber Optic RealShape™ (FORS) tracking

methods to track surgical implements during surgical interventions, and methods of

operation thereof.

BACKGROUND

Finding an optimal position and view to image an anatomy of an object such as a

patient using ultrasound can be challenging especially during procedures such as

surgical interventions. For example, during procedures such as structural heart disease

procedures, a transesophageal echo (TEE) probe, which is a type of an ultrasound

probe, may be placed such that a specific view of a heart of a patient may be obtained.

However, more than one view from the TEE probe may be desired which may require a

clinician to manipulate the TEE probe to other desired positions and/or orientations for

these views and adjust ultrasound parameters for each of these views. Unfortunately,

manipulating the position and/or orientation of the TEE probe and varying of the

ultrasound parameters can take valuable time especially during surgical interventions.

Further, in addition to wasting time, it is often difficult, if not impossible, to return to a

previous view during a procedure. Thus, even the best ultrasound clinicians can find it

challenging to work with TEE probes during surgical interventions.



Accordingly, embodiments of the present system may overcome these and other

disadvantages of conventional imaging systems.

SUMMARY

The system(s), device(s), method(s), arrangements(s), user interface(s),

computer program(s), processes, etc. (hereinafter each of which will be referred to as

system, unless the context indicates otherwise), described herein address problems in

prior art systems. Embodiments of the present system may employ shape sensing

registration methods which may employ sample points, such as what may be

considered a discrete set or a continuum of simultaneous sample points which may

provide information related to a position of a coordinate system so that disparate

coordinate systems may be registered.

In accordance with embodiments of the present system, there is disclosed, in

one aspect of the present system, a surgical guidance system including a memory; a

rendering device; an ultrasound probe; a shape-sensing-device (SSD) associated with

the ultrasound probe and having a predetermined position and orientation with regard to

the ultrasound probe, a controller coupled to the memory, the rendering device and the

SSD, the controller configured to: determine at least one of location and orientation of

the ultrasound probe based upon position sensor information (PSI) received from the

SSD; select a view of a plurality of views of a workflow that are stored in the memory;

obtain view setting information (VSI) for the selected view from the memory, the VSI

comprising parameters and at least one of a position and orientation of the ultrasound

probe for each of the views; determine guidance information based upon a comparison

of the determined location and orientation of the ultrasound probe and the at least one

of a position and orientation of the ultrasound probe for the selected view; and render



the determined guidance information on the rendering device and set ultrasound probe

parameters based on the parameters of the VSI for the selected view.

In accordance with embodiments of the present system, the SSD may include at

least one position sensor and the controller may be configured to query the at least one

position sensor to obtain the PSI, the PSI being indicative of at least one of a position

and orientation of the at least one position sensor relative to a workspace. It is further

envisioned that the controller may be further configured to render the determined

guidance information as directional indications to guide the ultrasound probe to at least

one of a position and orientation of the ultrasound probe for the selected view. The

controller may be further configured to display simultaneously on the rendering device

two or more of the plurality of views of the workflow. The controller may be further

configured to display on the rendering device an indication for each of the two or more

views. It is also envisioned that the controller may be further configured to display on

the rendering device the two or more views as a single view with the two or more views

anatomically positioned.

In accordance with embodiments of the present system, the controller may be

coupled to at least one transducer of the ultrasound probe to obtain ultrasound image

information using the set ultrasound probe parameters. It is further envisioned that the

controller may be further configured to reconstruct an image based upon the ultrasound

image information in accordance with the set ultrasound probe parameters. The

controller may be further configured to associate and store two or more of current

parameters, location, orientation, and ultrasound information of the ultrasound probe in

association with the selected view. It is also envisioned that the controller may be

further configured to determine which of the plurality of views is closest to the



determined at least one of location and orientation of the ultrasound probe and select

the view based on which view is determined closest.

In accordance with embodiments of the present system, there is further disclosed

a method for guiding an ultrasound probe for obtaining ultrasound information

performed by at least one controller and comprising acts of: determining at least one of

location and orientation of the ultrasound probe based upon position sensor information

(PSI); selecting a view of a plurality of views of a workflow that are stored in a memory;

obtaining view setting information (VSI) for the selected view, the VSI comprising

information related to parameters and at least one of a position and orientation of the

ultrasound probe for each of the views; determining guidance information based upon a

comparison of the location and orientation of the ultrasound probe and the at least one

of a position and orientation of the ultrasound probe for the selected view; and

outputting the determined guidance information and setting ultrasound probe

parameters based on the parameters of the VSI for the selected view. The method may

further include an act of querying at least one position sensor of a shape-sensing-device

(SSD) to obtain the PSI, the PSI being indicative of at least one of a position and

orientation of the at least one position sensor relative to a workspace.

It is further envisioned that the act of outputting of the determined guidance

information includes acts of generating guidance instructions corresponding to the

determined guidance information and rendering the generated guidance instructions on

a rendering device of the system. The act of outputting of the determined guidance

information may include an act of transmitting the guidance information to at least one

robotic actuator to control at least one of position and orientation of the ultrasound

probe. It is also envisioned that the act of outputting includes an act of outputting the



determined guidance information as directional indications to guide the ultrasound

probe to at least one of a position and orientation of the ultrasound probe for the

selected view. It is further envisioned that the method may include an act of displaying

simultaneously on the rendering device two or more of the plurality of views of the

workflow.

In another aspect of the present system a user interface presents guidance

instructions and guidance information which may correspond to determined VSI or

probe parameters or choice of workflows.

In accordance with embodiments of the present system, there is further disclosed

a non-transitory computer readable medium that comprises computer instructions which,

when executed by a processor, configure the processor to perform acts of: determining

at least one of location and orientation of an ultrasound probe based upon position

sensor information (PSI); selecting a view of at least one registered view of a workflow;

obtaining view setting information (VSI) for the selected view, the VSI comprising

information related to parameters for each of the registered views and at least one of a

position and orientation of the ultrasound probe for each of the views; determining

guidance information based upon a comparison of the location and orientation of the

ultrasound probe and the at least one of a position and orientation of the ultrasound

probe for the selected view; and outputting the determined guidance information and

setting ultrasound probe parameters based on the parameters of the VSI for the

selected view. It is also envisioned that the instructions may configure the processor to

perform an act of querying at least one position sensor of a shape-sensing-device (SSD)

to obtain the PSI, the PSI being indicative of at least one of a position and orientation of

the at least one position sensor relative to a workspace. It is further envisioned that the



instructions may configure the processor to perform an act of displaying simultaneously

two or more of the plurality of views of the workflow. The processor may further be

configured by the instructions to perform the act of displaying simultaneously the two or

more of the plurality of views as a single view with the two or more views anatomically

positioned.

BRIEF DESCRIPTION OF THE DRAWINGS

The present system is explained in further detail in the following exemplary

embodiments and with reference to the figures, where identical or similar elements are

partly indicated by the same or similar reference numerals, and the features of various

exemplary embodiments being combinable. In the drawings:

FIG. 1 shows a perspective front view of a portion of an ultrasound medical

navigation system operating in accordance with embodiments of the present system;

FIG. 2 shows a functional flow diagram performed by a process in accordance

with embodiments of the present system;

FIG. 3 shows a workflow table for each of a plurality of PTs in accordance with

embodiments of the present system;

FIG. 4A shows a portion of a screenshot of an ultrasound probe navigated to an

optimal first location corresponding with a first selected view in accordance with

embodiments of the present system;

FIG. 4B shows a portion of a screenshot of the ultrasound probe of FIG. 3

navigated to an optimal second location corresponding with a second selected view in

accordance with embodiments of the present system;

FIG. 5 shows a portion of a screenshot of the ultrasound probe of FIG. 4

navigated to the optimal second location corresponding with the second selected view



and including an optional location indicator such as a circle in accordance with

embodiments of the present system;

FIG. 6 shows a portion of a screenshot of the ultrasound probe navigated to an

optimal location corresponding to a selected view and including optional location

indicators such as circles in accordance with embodiments of the present system; and

FIG. 7 shows a portion of a system in accordance with embodiments of the

present system.

DETAILED DESCRIPTION

The following are descriptions of illustrative embodiments that when taken in

conjunction with the following drawings will demonstrate the above noted features and

advantages, as well as further ones. In the following description, for purposes of

explanation rather than limitation, illustrative details are set forth such as architecture,

interfaces, techniques, element attributes, etc. However, it will be apparent to those of

ordinary skill in the art that other embodiments that depart from these details would still

be understood to be within the scope of the appended claims. Moreover, for the

purpose of clarity, detailed descriptions of well known devices, circuits, tools, techniques,

and methods are omitted so as not to obscure the description of the present system. It

should be expressly understood that the drawings are included for illustrative purposes

and do not represent the entire scope of the present system. In the accompanying

drawings, like reference numbers in different drawings may designate similar elements.

The term and/or and formatives thereof should be understood to mean that only one or

more of the recited elements may need to be suitably present (e.g., only one recited

element is present, two of the recited elements may be present, etc., up to all of the



recited elements may be present) in a system in accordance with the claims recitation

and in accordance with one or more embodiments of the present system.

For the sake of clarity, embodiments of the present system will be shown and

described with respect to shape sensing devices (SSDs) such as shape-sensing fibers

as may be employed using FORS methods and the like. However, it is also envisioned

that embodiments of the present system may be compatible with other tracking systems

which may sample multiple data points sequentially or simultaneously such as EM

tracking methods and the like. Further, it should be assumed that SSDs of the present

system may be used alone or with a sheath such as a catheter, a guidewire, a surgical

tool, an imaging tool (e.g., an ultrasound probe), and the like.

FIG. 1 shows a perspective front view of a portion of an ultrasound medical

navigation system 100 (hereinafter system 100 for the sake of clarity) operating in

accordance with embodiments of the present system. The system 100 may include one

or more of an SSD 102, an ultrasound probe 104, a base 108, a support platform 110, a

controller 122, a robotic controller 140, a network 120, a memory 124, sensors 132, and

a user interface (Ul) 126. The controller 122 may control the overall operation of the

system 100 and may communicate with one or more of the SSD 102, the ultrasound

probe 104, the base 108, the support platform 110, the memory 124, the sensors 132,

the robotic controller 140, and the Ul 126 using any suitable wired and/or wireless

communication methods. For example, the controller 122 may communicate with the

ultrasound probe 104 via the network 120. The robotic controller 140 may be operative

to robotically manipulate one or more surgical implements of the present system such

as the ultrasound probe 104 to a desired position and/or orientation. Accordingly, the



robotic controller 140 may include one or more actuators, arms, etc. to manipulate the

ultrasound probe 140 along or about one or more axes (e.g., multiple axes such as 7 ,

etc.).

The network 120 may include any suitable communication link such as a wide-

area network (WAN), a local-area network (LAN), the Internet, a system bus, a

proprietary bus, the Internet, an intranet, a wired bus, a wireless bus, etc. Accordingly,

a user may communicate with the system using local and/or remote communication

methods. The memory 124 may include any suitable non-volatile memory in which

information such as operating instructions, information generated by the system, user

inputs and/or settings, historical information, operating settings and/or parameters,

identification information, user information, patient information, etc., may be stored.

The sensors 132 may include sensors which may obtain corresponding sensor

information and provide this sensor information to the controller 122 for further

processing. The controller 122 may query one or more of the sensors 132 for the

sensor information. For example, the sensors 132 may include optical-shape-sensors

which may sense a shape of the SSD 102 and provide this information to the controller

122 which may determine position and/or orientation of one or more portions of the SSD

102 in accordance with embodiments of the present system. The sensors 132 may be

distributed throughout the system 100 and may further include sensors such as touch

sensors, a keyboard, etc., with which a user may enter information into the system. The

sensors 132 may further include an EM tracking sensor. Further, the sensors 132 may

include position sensors which may provide position/orientation information related to a

position/orientation of the table 110, the patient 101 , the base 108, an EM tracker, etc.



The Ul 126 may include any suitable user interface which may render information

for the convenience of user such as graphical user interfaces (GUIs) generated by the

system and/or image information. Accordingly, the Ul 126 may include a speaker (SPK),

a display 128 (e.g., a touch-screen display, etc.), haptic device (e.g., vibrators, etc.).

The support platform 110 may be any suitable support platform which may support an

object such as a patient 101 in a desired position and/or orientation for a procedure

such as an interventional procedure. The support platform 110 may include actuators

which may move the support platform under the control of the controller 122.

The base 108 may include any suitable device base or bases (physical or virtual)

which may function as a launch fixture for one or more of the ultrasound probe 104 and

the SSD 102. Accordingly, a position and/or orientation at least a portion of one or

more of the ultrasound probe 104 and the SSD 102 may be determined relative to a

reference frame 105. The base 108 may include a plurality of bases. The reference

frame 105 may include any suitable reference frames such as a reference frame of the

support platform 110, a reference frame of the patient 101 , a common reference frame,

etc. However, for the sake of clarity, it will be assumed that the reference frame 105

may refer to the reference frame of the patient 101 . Thus, the reference frame 105 may

correspond with the anatomy of the patient 101 . Accordingly, the system 100 may

employ a workspace as defined by the patient 101 for the sake of clarity. This

workspace may be referred to as the patient workspace. The base 108 may be coupled

to any suitable fixture such as a C arm, the support platform 110, etc.

The ultrasound probe 104 may include any suitable ultrasound probe for a

procedure being performed. For example, in the present embodiments the ultrasound



probe 104 may be assumed to include a transesophageal echo (TEE) probe which may

obtain ultrasound image information for constructing images of the heart of the patient

101 for one or more views (e.g., viewpoints). Further, it will be assumed that for each

view, position, orientation, settings and/or parameters of the ultrasound probe 104 may

be varied. The ultrasound probe 104 may include an ultrasound sensor (e.g.,

transducer) array 106 for capturing, the ultrasound image information for each view.

The ultrasound sensor array 106 may be situated at, or adjacent to, a distal end 107 of

the ultrasound probe 104. The ultrasound probe 104 may include an opening suitable

for receiving the SSD 102 so that a position and/or orientation of, for example, a portion

of the ultrasound probe 104 such as the ultrasound sensor array 106 may be easily

determined. However, and without limitation, it should be understood that the opening

may include a notch or tab suitable for receiving a portion of the SSD 102 as may be

desired. This notch or tab may be located at a desired position on the ultrasound probe

104 such as at or near the distal end 107 of the ultrasound probe 104. The opening

may be configured to receive the SSD 102 such that the position and orientation of the

SSD 102 relative to the opening may be defined. For example, the opening may be

keyed to receive the SSD 102 only in a single position such that position and/or

orientation of the SSD 102 may be determined relative to the ultrasound probe 104.

The position and/or orientation may be determined using a position and/or orientation

vector. However, in yet other embodiments, the ultrasound probe 104 may be set at a

known distance from the SSD 102 (e.g., see, FIGs. 3-6).

The ultrasound probe 104 may be located at a distal end of a sheath 105. The

sheath 105 may include one or more openings along a length thereof through which the

SSD 102 may be inserted to reach the ultrasound probe 104. Similarly, the ultrasound



probe 104 may be inserted through the same or another opening. Accordingly, the

ultrasound probe 104 and the SSD 102 may be simultaneously located within the

sheath 105. However, in accordance with yet other embodiments, the ultrasound probe

104 and the SSD 104 may be inserted through different lumens.

The ultrasound probe 104 may communicate with the controller 122 using any

suitable wired and/or wireless communication method. For example, the ultrasound

probe 104 may communicate with the controller 122 via the network 120. The controller

122 may control the ultrasound sensor array 107 to generate ultrasound information

suitable for generating an ultrasound image of a desired view (e.g., a desired viewpoint).

The ultrasound probe 104 may include identifying landmarks which may be recognized

in one or more images of the system such as x-ray images and a corresponding

position and/or orientation of the ultrasound probe 104 may be determined. Thereafter,

a registration may be performed to register images obtained from the ultrasound probe

104 to the x-ray images, etc. and a position and/or orientation of the ultrasound probe

104 may be determined based upon the x-ray images of the ultrasound probe 104.

Suitable registration methods may be discussed in U.S. Patent Publication No.

2012/0245458 which shows registration between X-ray and ultrasound and International

Patent Publication Nos. WO 2014/053934A1 which shows registration between FORS

and ultrasound WO201 501 0859 which shows registration between FORS and X-ray,

the contents of each of which are incorporated herein by reference. As readily

appreciated, other suitable image registration methods may also be suitably applied for

registering portions of the present system.



The SSD 102 may include at least one sensor which may provide SSD

information suitable for determining a position and/or orientation of at least a portion of

the SSD 102 relative to a desired reference frame such as a reference frame of the

patient 101 (e.g., the patient workspace). For the sake of clarity, it may be assumed

that the SSD 102 may pass through at least a portion of the opening of the ultrasound

probe 104 such that a distal end 103 of the SSD 102 may be situated at the ultrasound

probe 104. For example, the SSD 102 may be coupled to the ultrasound probe.

However, in yet other embodiments, the SSD 102 may be situated a known distance

from the ultrasound probe 104, if desired, and a known offset distance and/or

orientation may be used to determine the position and/or orientation of the ultrasound

probe 102. The SSD 102 may further pass through or within a known path such as a

known path 111 (which may be coupled at a known position and/or orientation to, for

example, the base 108) which may be recognized by the system 100 for registration.

The ultrasound probe 104 may include a known path, for example so that when situated

within this known path, this known path may be recognized (e.g., through an analysis of

SSD information), and a position and/or orientation of ultrasound probe 104 or portions

thereof such as portions at or adjacent to this known shape, may be determined.

Referring back to the controller 122, the controller 122 may control the overall

operation of the system 100 and may include one or more logic devices such as

processors 130 (e.g., microprocessors (µΡ ) , etc.) having multiple interconnected

semiconductor devices such as transistors, gates, impedance devices, metallization

connections and the like, discrete and/or distributed logic gates and switching devices,

and/or the like. The controller 122 may include an interrogation module 134 and/or a

registration module 136 which may include hardware, software and/or firmware devices



with instructions stored in a memory thereof and/or the memory 124, which when

executed by the processor cause the processor to perform one or more desired

functions.

The interrogation module 134 may be operative to obtain information from the

SSD 102 (e.g., via an interrogation process) such as SSD information (SSDI) (which will

be described below) and which may indicate a path travelled by the SSD 102 over time

and/or a shape of one or more portions of the SSD 102. The path may be determined

serially (e.g., over time) and/or simultaneously (e.g., at a single time). The SSDI may

then be processed to determine a location and/or orientation of the ultrasound probe

104. When placed through or within a known path or one or more known paths (e.g.,

111) , The SSD may assume a shape of the corresponding known more known paths

and form corresponding SSDI. The controller 122 may recognize this known path (e.g.,

through an analysis of the SSDI) and determine a position and/or orientation of one or

more portions of the SSD 102 relative to the correspondingly recognized known path.

However, it is also envisioned that a position and/or orientation of a known path (e.g., a

known path in the ultrasound probe 104) may be determined based upon the SSDI.

The registration module 136 may be operative to register the position and/or

orientation of the SSD 102 and/or the probe 104 relative to one or more reference

coordinate systems such a workspace of the patient 101 (e.g., the patient workspace

which may reflect an anatomy of the patient 10 1) as used in the current embodiments.

For example, the registration module 136 may register one or more portions of the

system (and/or information obtained therefrom) such as an EM tracking system (e.g., an

EM generator and/or an EM sensor), an x-ray imager, the SSD, and the ultrasound



probe 104 for example to a workspace of the patient 10 1 . The registration module 136

may further register one or more portions of the system 100 such as the base 108,

known shapes (e.g., known shape 111) , etc., as may be desired, to a known workspace

such as the patient workspace. For example, it is envisioned that the registration

module 136 may register images obtained from one or more imaging modalities of the

system such as an X-ray images (e.g., which may be obtained in real time), ultrasound

images (e.g., an ultrasound views), patient anatomy, a position of the SSD 102 (e.g., via

SSD information), one or more workspaces, etc. For example, the X-ray images may

be registered to an ultrasound view, and/or an SSD, which may ultimately be registered

to a workspace of the patient 101 (e.g., the patient anatomy for the sake of clarity) or

vice versa. An order of registration may vary. The system 100 may include software to

perform registration such as an echo navigator, etc.

The SSD 102 may extend from the device base 108 for a given length (L
SS

d) and

may provide signals such as SSDI indicative of its position and/or orientation along at

least a portion of its length (L
SS

d). The SSDI may further include information related to a

shape of the SSD 102 at one or more locations thereof, if desired. The SSD 102 may

be formed using any suitable shape-sensing device such as a Fiber Optic RealShape™

(FORS) fiber or the like which may provide sensor information (e.g., SSDI) from a

plurality of sensors indicative of position and/or orientation of a plurality of locations

along its length L
SS

d - Each of the sensors may provide information related to, for

example, a position (e.g., an x , y, z coordinate, etc.) and/or orientation (e.g., twist of a

corresponding fiber) of the corresponding sensor. The plurality of shape sensing

locations may approach a continuum of locations, as desired. However, generally, the

plurality of shape sensing locations may be set apart from each other by a desired



distance such as 40 µ η or other suitable distance. Suitable SSDs 104 may include, for

example, a shape sensing fiber (SSF), an EM-based tracking device with at least one

EM sensor such as an EM sensor located at a tip thereof, etc., and/or combinations

thereof, such as described in U.S. Patent Publication No. 2013/0317356 to

Ramachandran et al., which is incorporated herein by reference in its entirety. In

accordance with embodiments of the present system, the position and/or orientation

sensors may be active light emitting diodes, passive reflectors such as spheres, optical

and/or EM coils, and/or radioactive or radiopaque markers which are identifiable based

on imaging such as X-ray and/or nuclear based imaging. Similarly to the optical

sensors, the EM sensors and/or other sensors/markers may be situated at one or more

locations apart from each other as may be desired, or a shape may be reconstructed

from a single point sensor by accumulating a history of positions as the SSD is passed

through a path.

During operation, the SSDI may be obtained by interrogating the SSD 104. The

interrogation may employ optical and/or EM interrogation techniques which may

correspond with a type of the SSD employed by the system. For example, the SSF may

employ Fiber Optic RealShape™ (FORS) interrogation techniques to determine position

and/or orientation thereof, while the EM-based tracking device may employ EM

interrogation methods to obtain the SSDI. However, it should be understood that these

interrogation techniques may or may not be exclusive of each other. For example, two

or more of these techniques may be utilized together. Further, the optical interrogation

technique may interrogate at least one optical sensor of the SSD synchronously in time

and the EM interrogation technique may interrogate at least one EM sensor of the SSD

sequentially in time and/or vice versa.



Regardless of the type of interrogation technique, the interrogation may obtain

the SSDI which may then be processed to perform a registration of the SSD 102 to a

reference workspace coordinate system (e.g., the patient workspace) as described in

this application and/or to determine a location and/or orientation of one or more portions

of the SSD 102 such as a distal end 103 of the SSD 102. The controller 122 may be

communicatively coupled (using any suitable method such as electronically, optically,

etc.) to the SSD 102 so that the SSD 102 may be interrogated. For the sake of clarity, it

is assumed that the workspace of the patient 101 may be referred to as a reference

workspace. However, it should be understood that there may be several reference

workspaces in a system operating in accordance with embodiments of the present

system. In accordance with embodiments of the present system, the controller 122 may

drive an EM field generator which may obtain EM field information from the SSD 102

when the employing an EM-type SSD.

FIG. 2 shows a functional flow diagram performed by a process 200 in

accordance with embodiments of the present system. The process 200 may be

performed using one or more processors, computers, controllers, etc., communicating

over a network and may obtain information from, and/or store information to one or

more memories which may be local and/or remote from each other. The process 200

may include one of more of the following acts. In accordance with embodiments of the

present system, the acts of process 200 may be performed using one or more suitable

coordinate registration systems operating in accordance with embodiments of the

present system. Further, one or more of these acts may be combined and/or separated

into sub-acts, as desired. Further, one or more of these acts may be skipped

depending upon settings. For the sake of clarity, the process may be described with



reference to a single ultrasound probe. However, without limitation, it should be

understood that the process may employ a plurality of ultrasound probes each of which

may be include a separate workflow such as a sub-workflow. In operation, the process

may start during act 201 and then proceed to act 203. Further, it will be assumed that

the ultrasound probe may include a known path.

During act 203, the process may obtain a workflow for a current procedure. This

workflow may be referred to as a current workflow. The workflow may be obtained from

workflow information (Wl) which may include information corresponding with a current

procedure or workflow if known. The workflow may have associated with it a plurality of

registered views (e.g., viewpoints) each of which may image information and

corresponding location (e.g., x , y, z , etc.), orientation information (e.g., α, β, γ , etc.),

and/or ultrasound parameter settings. In accordance with embodiments of the present

system, these views may be stored as a view library for each workflow. The workflow

may correspond with a procedure-type (PT) being performed and may be obtained from

a memory of the system in accordance with the PT being performed and/or may be

designated by a user. Thus, a workflow may be defined in accordance with a

procedure-type (PT) and/or a user (performing the procedure). For example, in

accordance with embodiments of the present system, a workflow for a PT may include

one or more procedures (e.g., sub-procedures) which may be performed in any desired

order as may be set by the system and/or the user. For example, FIG. 3 shows a

workflow table 300 for each of a plurality of PTs 301 x in accordance with embodiments

of the present system. With reference to FIG. 3 , assuming that there are M procedure

types 301 A through 301 M, wherein M is an integer (generally 301x), each procedure

type (e.g., appendectomy, cardio ablation, etc.) may have a corresponding workflow



303A through 303M (e.g., workflow 1 through M, where M is an integer) associated

therewith. Each workflow may have corresponding information associated therewith

such as one or more of registered views (RVs) 303 and associated information such as

coordinate information (CI), orientation information (Ol), view order information 307 (e.g.,

including information related to suitable orders to obtain views as desired), and

parameter information (e.g., for setting parameters of the ultrasound probe) for each

registered view. For example, with reference to registered view 303-1 , there may be

corresponding view setting information (VSI) which may include information such as

coordinate information (CI) (x, y, z), orientation information (Ol) (α, β, γ ) , and parameter

information (Param). The parameter information may include information related to

parameters and/or other settings for an ultrasound probe used by the present system to

obtain ultrasound images. The workflow table 300 may be stored in a memory of the

system and may be set/reset by the system and/or the user. For example, the system

may render the workflow table 300 so that a user may select a PT and see a

corresponding workflow. Further, each workflow may be registered to a workspace of

the system. Further, each registered view may include one or more landmarks as may

be desired.

It is further envisioned, that the plurality of registered views may be stored in a

memory of the system and may be selected based upon a type of procedure being

performed. For example, a procedure of type I may have a workflow which may include

5 views assigned to it, while a procedure of type I I (different from type I) may have a

workflow which may include 6 views assigned to it. For example, in accordance with

embodiments of the present system a Left Ventricular Obstruction Track (LVOT) setting

may include a workflow including predefined registered views for determining, for



example, a left ventricular obstruction track. Other procedures may correspond with, for

example, a transseptal puncture, a mitral valve navigation, deploying an LAA closure,

etc. Thus, a type of procedure may be determined during an initial setup, for example

automatically determined by a processor based on stored patient data and/or selected

by a user, etc., and the view or views may be selected based upon the determined

procedure. Further, the views may further be defined by a user and/or procedure type.

Thus, user A may have different views stored than user B regardless of the procedure

type. After completing act 203, the process may continue to act 205.

During act 205, the system may obtain position sensor information (PSI) which

may be indicative of a position and/or orientation of at least a portion of the SSD such

as a distal end of the SSD. The PSI may include SSD information (SSDI) which may be

obtained by interrogating the SSD to obtain the SSDI from a plurality of shape-sensing

sensors each at a corresponding location of the SSD which sensor information may be

indicative of position and/or orientation of a plurality of corresponding locations along

the length LSSdof the SSD. For example, the system may employ a FORS method to

interrogate the SSD to obtain the SSDI. Further, the plurality of shape-sensing

locations may approach a continuum of locations, as desired. Thus, during an

interrogation, the system (e.g., a suitably programmed processor of the system) may

interrogate the at least one sensor of the SSD sequentially and/or synchronously over

time to obtain position information from at least one sensor and form corresponding

SSDI. This SSDI may then be reconstructed by the processor to determine a path (P)

of the SSD and to determine a position and/or orientation of at least a portion of the

SSD such as a distal end of the SSD.



Suitable SSDs may include, for example, a shape sensing fiber (SSF), an EM-

based tracking device with at least one EM sensor such as an EM sensor located at a

tip thereof, etc., and/or combinations thereof, such as described in U.S. Patent

Application Publication No. 2013/0317356 to Ramachandran et al. The position and/or

orientation sensors may include active light emitting diodes, passive reflectors such as

spheres, optical and/or EM coils, and/or radioactive or radiopaque markers which are

identifiable based on imaging such as X-ray and/or nuclear based imaging. Similarly to

the optical sensors, the EM sensors and/or other sensors/markers may be situated at

one or more locations apart from each other as may be desired, or a shape may be

reconstructed from a single point sensor by accumulating a history of positions as the

SSD is passed through a known path. Accordingly, during this act an interrogation

module (e.g., in a form of one or more hardware devices, software portion programming

a portion of the processor and/or a dedicated processor) may be operative to obtain

information from the SSD (e.g., via an interrogation process) such as the SSDI and

which may indicate a path travelled by the SSD 102 over time and/or a shape of one or

more portions of the SSD 102. After completing act 205, the system may continue to

act 207.

During act 207, the system may determine at least one of position and orientation

of the ultrasound probe (or a particular ultrasound probe if a plurality of ultrasound

probes is desired) based upon the position sensor information (PSI). The PSI may be

indicative of at least one of a position and orientation of the at least one position sensor

of the SSD relative to the workspace. As the SSD may be positioned in a known

relation (e.g., a known offset) to the ultrasound probe, the position and/or orientation of

the ultrasound probe may be determined in accordance with the PSI and/or an SSD-to-



ultrasound probe transformation for example assuming a known offset. This known

offset may be previously determined and stored in a memory of the system for later use

and/or the offset may be determined or confirmed during use.

For the sake of clarity, the workspace may be defined as a workspace of the

system and may be a general workspace or may be workspace defined relative to an

object being scanned such as a patient. Thus, for the sake of clarity, the workspace

may be defined as a workspace of the patient and, thus, may correspond with an

anatomy of a patient such as the patient and/or a common workspace (e.g., common to

the devices of the present system). Further, it will be assumed that a registration

process to register one or more of an X-ray imager, the SSD, and the ultrasound probe

to a workspace of the system may have been performed and/or may be performed

during use.

It is further envisioned that the system may employ image analysis (e.g., of a

captured ultrasound image) to determine a location of the ultrasound probe relative to a

known view such as a registered view which may be registered in a memory of the

system. Accordingly, the system may obtain ultrasound information from the ultrasound

probe and determine a corresponding position and/or orientation of the ultrasound

probe based upon this ultrasound information using any suitable method such as using

image analysis of the ultrasound information and thereby, form corresponding PSI

relative to the known anatomy of the patient and, thus, the patient workspace.

Thereafter, the process may update the PSI accordingly to include this information. For

example, the ultrasound image information may include one or more landmarks which

may correspond with known landmarks in a registered view(s) relative to the workspace.

Accordingly, difference information between location and/or orientation of the known



landmarks and corresponding information in the ultrasound image information may be

determined and thereafter this difference information may be used to determine a

position and/or orientation of the ultrasound probe relative to the workspace.

In addition, position information and/or orientation for interventional devices such

as one or more additional ultrasound devices, catheters, ablative devices, etc., may be

acquired for example using a SSD or other device/system for acquiring such information

such as described herein. Further, one or more images may be acquired of the

interventional devices which may be saved, recalled and rendered. For example, the

one or more images of the interventional device(s) may be rendered in an image

including the ultrasound instrument, a view of a workflow, etc., such as illustratively

depicted in FIGs. 4A, 4B, 5 and 6 . After completing act 207, the system may continue

to act 209.

During act 209, the system may select a registered view (hereinafter the selected

view) from a plurality of registered views of the current workflow using any suitable

method. For example, in accordance with embodiments of the present system, the

selected view may be selected from the plurality of registered views based upon the

view order information (e.g. view order 1, 3 , 4 , 5 , 7 , etc.), a user selection (e.g., select

registered view 3 , etc., which may be selected using a user input device of the system

such as a touch-screen, a keyboard, a microphone, etc.). However, it is also envisioned

that the order of the plurality of registered views, may be selected from a default

selection. Thus, if there are five consecutive registered views previously defined for the

current workflow, the system may obtain these registered views in any suitable order

(e.g., first to last, vice versa, randomly selected, based upon location of the ultrasound

probe (nearest to furthest), etc.) as may be set by the system and/or user.



In accordance with embodiments of the present system, the selected view may

be selected based upon the determined location and orientation of an ultrasound probe.

For example, if is it determined that the determined position of the ultrasound probe is

within a threshold distance A D is of a registered view (e.g., a view of the views), the

system may set this view as a selected view. Similarly, in a case where it is determined

that the determined orientation of the ultrasound probe is within a threshold orientation

ORIENT of a view (e.g., a given view of the views), the system may set this view as a

selected view.

In accordance with embodiments of the present system, it is envisioned that the

system may select a view from the plurality of views when both the determined position

of the ultrasound probe is within a threshold distance A D is of a view and the determined

orientation of the ultrasound probe is within a threshold orientation A 0 RIENT of the view.

The system may define the position and/or orientation of the ultrasound probe using a

vector or the like. In accordance with embodiments of the present system each view

may have defined thresholds such as a threshold orientation AORIENT (e.g., defined

orientation +/- A 0 RIENT) and a threshold distance A D IST (e.g., defined position +/- A D IST)

defined.

In accordance with other embodiments, the view may be selected by a user such

as a clinician performing an ultrasound-based imaging procedure. Accordingly, the

process may provide one or more keys (e.g., hard, soft, etc.), menu items, etc., that the

user may choose to select (e.g., by toggling, etc.) a registered view of a plurality of

registered views. For example, the system may render one or more menu items (e.g.,

circles) on an image which may represent a view. The user may then select any of

these menu items to select the corresponding registered view and the system may set



this view as a selected view. These menu items may be superimposed upon an image

of a region-of-interest (ROI). Thus, with reference to FIG. 3 , the process may render

registered views for the present workflow and a user may select one of these registered

views, by, for example, touching the corresponding registered view. After completing

act 209, the system may continue to act 2 11.

During act 2 11, the system may obtain view setting information (VSI) for the

selected view. The VSI may include information related to each of the registered views.

For example, the VSI may include information such as location and/or orientation of a

view and/or of an ultrasound probe to obtain the view (e.g., to image the view) as well

as parameters and/or settings (e.g., hereinafter both of which may be referred to as

parameters for the sake of clarity) for the ultrasound probe for each view such as one or

more of focus, depth, scan angle, etc. These parameters may be stored in association

with each of the registered views. The VSI may be stored in a memory of the system.

After completing act 2 11, the process may continue to act 213.

During act 213, the system may determine guidance information. The guidance

information may be determined by the system and may provide guidance to move (e.g.,

linearly, non-linearly, and/or rotationally) the ultrasound probe from a current position to

a position which corresponds with the selected view. Thus, for example, the system

may determine difference information between a current position and/or orientation of

the ultrasound probe and the desired position and/or orientation, respectively, of the

ultrasound probe. The desired location and/or orientation of the ultrasound probe may

be defined as a position and/or orientation which corresponds with that of the selected

view. Thus, the guidance information may for example be based upon difference

information (e.g., a difference between a desired position and/or orientation for a view



and a current position and/or orientation of the ultrasound probe. However, any suitable

method to determine the guidance information may be employed. After completing act

2 13 , the system may continue to act 215.

During act 215, the system may output the determined guidance information. For

example, in accordance with embodiments of the present system the system may form

guidance instructions which may correspond with the determined guidance information

and generate instructions, such as through use of a graphical user interface (GUI)

including these guidance instructions in accordance with the determined guidance

information. The system may then render this GUI on a rendering device of the system

such as on a display, a speaker, etc. The guidance instructions may be based upon a

rendering method employed by the system. For example, in accordance with some

embodiments, the system may generate instructions such as move forward, reverse,

turn right, turn left, etc., and/or graphic representations thereof, and display these

instructions on a display of the system.

For example, in accordance with yet other embodiments, the system may render

information related to the determined guidance information using any suitable guidance

method such as lighting hard or soft keys, light-emitting-diodes (LEDs), driving a haptic

device (e.g. provided on a handle of the ultrasound probe, etc.), etc. It is further

envisioned that the system may determine an orientation of the user (e.g., the

ultrasound clinician) and convert the guidance information accordingly so that the user

may move the ultrasound probe to the desired position and/or orientation by

manipulating controls of the ultrasound probe in accordance with guidance information

rendered by the system.



It is also envisioned that the system may employ a robotic controller (e.g., a

robotic actuator or the like) to robotically manipulate the ultrasound probe to a desired

position and/or orientation. For example, the system may provide the guidance

information to a robotic controller of the ultrasound probe which may then process the

guidance information and provide corresponding information to one or more actuators of

an ultrasound probe to effect a corresponding movement of the ultrasound probe. For

example, the actuators may provide linear and/or rotational movement of the ultrasound

probe such that the ultrasound probe may be moved to the determined position and/or

orientation as set forth by the guidance information such that the ultrasound probe may

be manipulated to a desired position and/or orientation which corresponds with a

position and/or orientation of the selected area. After completing act 215, the system

may continue to act 217.

During act 217, the system may determine whether the ultrasound probe is at, or

is substantially at a position and/or orientation of the selected view (e.g., within a final

threshold distance A D and/or a final threshold orientation A R of the selected view).

Accordingly, in a case where it is determined that the ultrasound probe is at, or is

substantially at (e.g., within a final threshold position AD and/or a final threshold

orientation AR) a location and/or orientation of the selected view, the process may

continue to act 219. However, in a case where it is determined that the ultrasound

probe is not at, or not substantially at (e.g., not within a final threshold position AD

and/or a final threshold orientation AR) a position and/or orientation of the selected view,

the system may repeat act 213. To determine whether the ultrasound probe is at, or is

substantially at a position and/or orientation of the selected view, the process may

obtain information on a current position and/or orientation of the ultrasound probe,



update the difference information and compare this updated difference information with

the final threshold position ∆ and/or a final threshold orientation AR, respectively.

Accordingly, in a case where corresponding portions of the updated difference

information are greater than the final threshold position ∆ and/or the final threshold

orientation A
R,

the system may determine that the ultrasound probe is not at, or not

substantially at (e.g., not within a final threshold position ∆ and/or a final threshold

orientation AR) a position and/or orientation of the selected view. However, in a case

where corresponding portions of the updated difference information are less than or

equal to (e.g., not greater than) the final threshold position ∆ and/or the final threshold

orientation AR, the system may determine that the ultrasound probe is at, or

substantially at (e.g., within a final threshold position ∆ and/or a final threshold

orientation AR) a position and/or orientation of the selected view and thereby, the

system may continue to act 219.

During act 219, the system may indicate that the ultrasound probe is at a desired

position (e.g., is at, or is substantially at a position and/or orientation) of the selected

view. In other words, the ultrasound probe is positioned for the selected view.

Accordingly, the system may render information indicating such on a rendering device

of the system. For example, the system may highlight an overlay of the ultrasound

probe using a green highlight to indicate to a clinician that it is in the desired position.

The system may further provide information indicating such to one or more applications

of the system such as to the robotic controller to stop motion and/or to lock the

ultrasound probe in the current position and/or orientation (e.g., to prevent undesirable

movement) and/or provide such information to an ultrasound image capture application

which may use this information to begin an ultrasound image capture process as will be



described below with respect to act 221 . In yet other embodiments, the system may

apply a brake and/or provide instructions to the clinician to apply a brake to prevent

inadvertent movement of the ultrasound probe. After completing act 219, the system

may continue to act 221 .

During act 221 , the system may capture ultrasound information at a location

corresponding to the selected view and/or with the parameters corresponding to the

selected view. This captured ultrasound information may then be processed to

generate ultrasound image information suitable for rendering on a display of the system.

After completing act 221 , the system may continue to act 223.

During act 223, the system may store the captured ultrasound information in any

suitable format (e.g., raw and/or processed) in a memory of the system in association

with the selected view. Accordingly, the system may recall this ultrasound information

at a later time in association with the selected view as desired. The ultrasound

information may be stored as still and/or video image information in association with the

parameters and/or in association with the corresponding selected view. Parameters

including adjustments to parameters may be similarly stored in association with the

corresponding selected view. In this way, historical information may be obtained

including which views are accessed and/or adjusted. The historical information may be

utilized to determine which views and/or parameters are used to produce a set of

default views and corresponding parameters for a given workflow. For example, if for a

given workflow, parameters are adjusted more than half the time from the parameters

stored as a default, an average of the adjustments may be utilized for adjusting the

parameters to a new default. Naturally views and/or parameters for a given patient



related to one or more of the views may also be saved and recalled as desired. After

completing act 223, the process may continue to act 225.

During act 225, the process may determine whether there are any other views in

the current workflow to capture. Accordingly, in a case where it is determined that there

is another view to capture, the process may repeat act 209 for the next view. However,

in a case where it is determined that there are no other views to capture, the process

may continue to act 227 where the process may end.

It is further envisioned that the system may store ultrasound image information,

corresponding position, orientation and/or parameter information for the ultrasound

probe in association with a view upon a request from a user. The system may then

generate and render a menu indicating the views. The user may then select a view and

the system may render the captured view and/or guidance information (from a current

ultrasound location) to the desired view and/or parameter information related to the view

as may be desired by the user and/or as may be set by the system (e.g., a default

setting may determine what the system renders).

In accordance with embodiments of the present system, a user may toggle to

select/deselect registered views. Moreover, a learning process may learn a procedure

as it is performed by a user and this process may determine the views, parameters, etc.

FIG. 4A shows a portion of a screenshot 400A, such as may be provided by a

display, of an ultrasound probe 404 such as a FORS TEE situated at an end of a

catheter 405. The ultrasound probe 404 may be positioned to capture a desired view

such as an image volume 407 and may be navigated to an optimal first location

corresponding with a first selected view in accordance with embodiments of the present

system. The patient (not shown in the figure for clarity) may be positioned on a support



structure 410, such as a surgical table. The system may determine a position of the

ultrasound probe 404 using any suitable method such as by tracking a FORS SSD

using a FORS tracking method or the like as described herein. Element 402 may

represent a surgical instrument, such as a catheter, ablation instrument, etc. that is

present in the view. Guidance messages such as arrows 480 may be rendered for

guiding a user to control a location and/or orientation of the ultrasound probe 404 to a

desired view location and/or orientation. The arrows 480 may be highlighted in solid to

indicate a desired motion. Further, the arrows 480 may be highlighted using green for

example when it is determined that the ultrasound probe 404 has reached a desired

location. Further, in a case wherein more than one ultrasound probe is employed,

guidance information for one or more (e.g., each) of the ultrasound probes may be

determined and rendered in association with the corresponding ultrasound probe. FIG.

4B shows a portion of a screenshot 400B of the ultrasound probe 404 of FIG. 4A

navigated to an optimal second location corresponding with a second selected view in

accordance with embodiments of the present system. An SSD as described herein may

be interrogated to determine the location of the ultrasound probe 404.

FIG. 5 shows a portion of a screenshot 500 of the ultrasound probe 404 of FIG.

4A navigated to the optimal second location corresponding with the second selected

view and including an optional location indicator such as a circle 590 in accordance with

embodiments of the present system. When the ultrasound probe 404 is determined to

be at, or substantially at, the corresponding view (e.g., the second view in the current

embodiments), the system may render an indicator such as the indicator 590 indicating

that the ultrasound probe 404 is at the corresponding location. However, in yet other

embodiments, the indicator 590 may include a highlight (e.g., green to indicate that the



ultrasound probe 404 is at the proper location, red to indicate not at the proper location

corresponding to the selected area, etc.). Further, the colors may also indicate the

ultrasound parameter settings such as depth, focus etc. In yet other embodiments, it is

envisioned that the system may generate arrows indicative of a direction and/or

orientation to move the ultrasound probe to reach the desired area (location) of a

corresponding view so as to capture the image volume 407. An SSD as described

herein may be interrogated to determine the location of the ultrasound probe 404.

FIG. 6 shows a portion of a screenshot 600 of the ultrasound probe 404

navigated to an optimal location corresponding to a selected view and including optional

location indicators such as circles 690 in accordance with embodiments of the present

system. The circles 690 may indicate optimal locations for different views and may be

colored or otherwise highlighted to indicate ultrasound parameter settings for each of

these different views. For example, the colors may indicate the ultrasound parameter

settings such as depth, focus etc. The different views may be either from a previously

navigated position or built up from a model or database. An SSD may be interrogated

to determine the location of the ultrasound probe 404 so that the ultrasound probe 404

may capture the corresponding view.

Accordingly, embodiments of the present system may provide a method in which

FORS methods may be combined with ultrasound imaging to record and/or remember

an ultrasound probe location and corresponding ultrasound parameter information for a

location (e.g., a position and/or orientation of the ultrasonic probe) for a view. For

example, a clinician such as an echocardiographer may navigate to a desired location

and adjust the ultrasound parameters such as focus, depth, scan angle etc. The



system may then store these settings in association with the desired location (e.g., a

view) for later use. It is further envisioned that the embodiments of the present system

may provide a user an option to select any setting that is desired to be stored for later

use in association with a selected view.

It is further envisioned that embodiments of the present system may

automatically detect when an optimal position and/or view has been obtained based

upon a comparison of optional positions and/or views stored in a memory of the system.

When an optimal position is determined to be obtained, the system may inform a user of

the same and may store settings and/or parameters used by an ultrasound probe to

obtain ultrasound information of a corresponding view. It is further envisioned that a

user may define how many positions and/or orientations (e.g., each corresponding to a

view) are to be stored in a memory of the system depending on anatomy of a patient

and/or a procedure being performed.

After the views and associated information are stored in a memory of the system,

when a user (e.g., a clinician, a physician, etc.) desires to return to a previously-saved

view (e.g., which may be considered a registered view), such as an LVOT, the system

may provide a guidance function which may render appropriate guidance information

(e.g., graphics such a arrows, etc., audio information (go right, etc.), haptic feedback,

etc.) for a user to guide an ultrasound probe back to the previously saved view. In

addition, ultrasound information (e.g., images) may then be captured for viewing using

associated parameters that were previously stored in association with the

corresponding saved view and/or may be recalled from a memory. It is further

envisioned that a user may select a previously saved view, and the system may control



a closed-loop robotic controller to automatically move an ultrasound probe to a desired

position and set parameters, such as ultrasound parameters, in accordance with

corresponding parameters so as to generate an optimal image.

It is also envisioned that embodiments of the present system may store optimal

positions and corresponding ultrasound settings which may be used to generate optimal

views for different procedures and different parts of these different procedures such as

performing a transseptal puncture, navigating to the mitral valve, deploying a left atrial

appendage (LAA) closure device, mitral clip, etc. During these procedures, the system

may provide guidance so that workflow of a corresponding procedure may be simplified

and shortened. This may be especially so when performing procedures in difficult

anatomies and/or when a good image may be difficult to obtain.

It is further envisioned that embodiments of the present system may support a

combination of ultrasound probes (e.g., two or more ultrasound probes) including

operating parameters, locations and/or orientations for each of these different

ultrasound probes in a workflow of a procedure and automatically return to those

different parameters, locations and/or orientations during different stages of the

workflow. It is further envisioned that embodiments of the present system may support

guidance to the locations and/or orientations of each of these different ultrasound

probes in the workflow of a procedure and/or provide guidance to a robotic guidance

system to automatically return the different ultrasound probes to corresponding

locations and/or orientations, wherein one or more of the probes have a different

location and/or orientation for one or more of the views. It is further envisioned that an

alternate tracking modality such as electromagnetic tracking (EM), InSitu, optical



tracking, etc., may be employed in addition to, or in conjunction with, FORS to act as a

guidance system (e.g., GPS) and simplify navigation and re-navigation of one or more

ultrasound probes during a workflow of a procedure.

Accordingly, embodiments of the present system may provide for a system and

method in which finding and reclaiming salient views (e.g., standardized and/or

personalized for the patient) of a surgical scene may performed. The system may

provide intuitive instructions to a user so that the user may readily and easily place an

ultrasound probe in a desired position and/or orientation to obtain ultrasound

information at the desired position and/or orientation. The system may simplify

visualization parameters and may remember these parameters such as ultrasound

probe position, orientation, ultrasound image gain, depth, etc., and may set these

parameters even across disjoint subsystems and/or probes. Accordingly, embodiments

of the present system may employ OSS methods and the like to record and/or recall

desired views in an ultrasound-guided procedure.

Examples Of Ultrasound Related Portions Of One Or More Embodiments:

As a clinician may attempt to navigate devices and effect therapy at a surgical

site, the clinician may need to see the surrounding surgical site from multiple viewpoints

in order to ensure proper care. For example, the clinician may need to adjust

ultrasound settings and/or parameters such as gain, compression, contrast, depth, etc.,

for each view to obtain optimal image quality. Embodiments of the present system may

incorporate the combination of ultrasound and OSS methods to assist the clinician in

recording and recalling ultrasound settings, with the following variants: upon a user-

initiated command (e.g., a button click), the system may read and store all relevant



ultrasound settings (e.g., parameters), along with associated probe position(s) and/or

orientation(s) as for example by OSS. In accordance with embodiments of the present

system, these settings may then be recalled so that the clinician may restore a saved

view at a later time. The system may further generate an overlay for example over a

stored image of an area of interest, of a virtual ultrasound probe(s) indicating the proper

position(s) and/or orientation(s) for one or more of the views.

Further, upon automatic detection of a salient view in an ultrasound image,

embodiments of the present system may alert a clinician of this and may provide for

example a user interface for the clinician to fine tune the probe position and/or

orientation, as well as ultrasound settings and/or parameters as desired. Such an alert

may be because the ultrasound image is registered to the patient anatomy, so a part of

the anatomy that is in the view of the ultrasound is roughly known. This knowledge may

be used in combination with image segmentation techniques which may be known in art

and are not discussed further for the sake of clarity. One or more portions of operating

parameters, locations, etc., may then be saved and subsequently recalled, as is

discussed herein.

It is also envisioned that two or more recorded views (e.g., stored ultrasound

images of multiple views, such as two, three, four, five views, up to all views for a

given procedure) may be presented simultaneously to aid a clinician in evaluating a

surgical scene, without the need to reposition the ultrasound probe or further adjust

ultrasound settings and/or parameters. Since both the images and the ultrasound probe

are registered to the patient anatomy (e.g., to the patient workspace), the images may

be shown as separate views and/or provided together in a single image in a proper



anatomical context (e.g., within a single image with the positioning based on the

anatomical positioning provided by each view). Further, in cases where sequences of

views are well established for a procedure, the system may assist and instruct the

clinician on the steps to acquiring all desired views. These views may be stored as a

library of views, or generated preoperatively by the clinician. These views may then be

stored and form a part of a workflow for a procedure and may be recalled by the system

and/or user when desired.

Examples Of Procedure Related Portions Of One Or More Embodiments:

A surgical procedure may entail acquisition of common anatomical viewpoints;

the combination of OSS methods to track an ultrasound probe during a specific surgical

procedure may be harnessed as follows. The system may determine whether

ultrasound probe is at a desired view (e.g., at a proper position and/or orientation) using

the OSS methods to track the ultrasound probe. Upon automatic detection of a desired

ultrasound probe position and/or orientation (e.g., at a desired view), the system may

alert a user (such as a clinician) of such and provide for the user to manually tune the

ultrasound settings and/or parameters. Such an alert may be possible because the OSS

methods may be registered to the patient anatomy, and because in many cases the

desired views may be known a priori. The complete set of parameters and/or settings

and the corresponding ultrasound information for each view may then be stored in a

memory of the system as a view library of a process workflow and subsequently

recalled during the process workflow as discussed herein. It is further envisioned that in

embodiments of the present system, stored desired standard views for a process

workflow may be displayed as an augmented reality visual rendering, indicating to the



user all of the views to be collected for proper evaluation of the surgical scene (e.g.,

with the views put together into a single image or otherwise positioned in proper

anatomical positions) during a future process workflow. In accordance with

embodiments, the views may be presented in an order following the procedure work

flow and/or may be ordered/re-ordered as desired.

Examples Of Shape-sensing Related Portions Of One Or More Embodiments:

In accordance with one or more embodiments, a virtual overlay of the probe may

be rendered to indicate to the user (e.g., a clinician, etc.) where the ultrasound probe

should be placed in order to acquire the views desired/needed to perform a surgical

procedure. For example, the shape of one or more contiguous portions of the

ultrasound probe (e.g., up to all of the probe or inserted portion) may be rendered, thus,

providing to the user richer information on how the ultrasound probe should be

positioned and/or oriented to acquire a desired view or views.

Full shape information (such as of an inserted portion) may be rendered and may

be particularly useful when manual guidance of an ultrasound probe is used. Unlike a

robotic manipulator which may readily manipulate an ultrasound probe to a desired

position and/or orientation, a human operator (e.g., a clinician, etc.) may find the same

task challenging due to the unintuitive hand-eye coordination caused by having to

cognitively map disjoint coordinate systems. Accordingly, full shape information

rendering of the ultrasound probe, which may be otherwise redundant, provides

information (e.g., using a graphics display, etc.) to the human operator about the

context of the probe position and/or orientation. Furthermore, since the probe may be

tracked using OSS methods, the image or probe coordinate system may be registered



to the user's point-of-view, thus unifying the disjoint coordinate system and simplifying

manual guidance of the ultrasound probe during a process workflow. In a robotic

procedure, a user may finalize a position and/or orientation obtained by the robotic

procedure to adjust the position to a final position and/or orientation as desired.

FIG. 7 shows a portion of a system 700 in accordance with embodiments of the

present system. For example, a portion of the present system may include a processor

710 (e.g., a controller) operationally coupled to a memory 720, a user interface (Ul)

including a rendering device such as a display 730, sensors 740 such as a shape

sensing device (SSD), one or more ultrasound probes 750, and a user input device 770.

The memory 720 may be any type of device for storing application data as well as other

data related to the described operation. The application data and other data are

received by the processor 710 for configuring (e.g., programming) the processor 710 to

perform operation acts in accordance with the present system. The processor 710 so

configured becomes a special purpose machine particularly suited for performing in

accordance with embodiments of the present system. The operation acts may include

configuring a system by, for example, a registration system in accordance with system

settings. The operation acts may also include the processor 710 obtaining a workflow

from the memory 720 including desired views and associated parameters, such as

parameters related to settings for the one or more ultrasound probes 750 and the SSD

740 including correlation information that correlates a positon of the SSD 740 in relation

to the ultrasound probe 750 (e.g., provides offset information relating a position of the

SSD 740 to the position of the ultrasound probe (750)).



The processor 710 may control one or more tracking systems (e.g., the SSD 740)

such as utilizing a FORS tracking method so that sensor information signals indicative

of a location of the SSD 740 may be generated. The processor 710 may process

received signals such as sensor information, transform these signals to location signals,

and may generate content which may include image information (e.g., still and/or video

images including ultrasound image information), data, parameters, positions,

orientations, guidance information and/or graphs that may be rendered on, for example,

a Ul of the system such as on the display 730, a speaker, etc. The content may include

image information as may be generated by a medical imaging system of the present

system, guidance information, etc. Further, the content may then be stored in a

memory of the system such as the memory 720 for later use. Thus, operation acts may

include requesting, providing, and/or rendering of the content. The processor 710 may

render the content such as video information on a Ul of the system such as a display of

the system. The processor 710 may determine and render the Ul of the system such as

on the display of the system.

The user input 770 may include a keyboard, a mouse, a trackball, or other device,

such as a touch-sensitive display, which may be stand alone or part of a system, such

as part of a personal computer, a personal digital assistant (PDA), a mobile phone (e.g.,

a smart phone), a monitor, a smart or dumb terminal or other device for communicating

with the processor 7 10 via any operable link such as a wired and/or wireless

communication link. The user input device 770 may be operable for interacting with the

processor 710 including enabling interaction within a Ul as described herein. Clearly

the processor 710, the memory 720, display 730, and/or user input device 770 may all



or partly be a portion of a computer system or other device such as a client and/or

server.

The methods of the present system are particularly suited to be carried out by a

computer software program, such program containing modules corresponding to one or

more of the individual steps, acts, modules, etc., described and/or envisioned by the

present system. Such program may of course be embodied in a computer-readable

medium, such as an integrated chip, a peripheral device or memory, such as the

memory 720 or other memory coupled to the processor 710.

The program and/or program portions contained in the memory 720 may

configure the processor 710 to implement the methods, operational acts, and functions

disclosed herein. The memories may be distributed, for example between the clients

and/or servers, or local, and the processor 710, where additional processors may be

provided, may also be distributed or may be singular. The memories may be

implemented as electrical, magnetic or optical memory, or any combination of these or

other types of storage devices. Moreover, the term "memory" should be construed

broadly enough to encompass any information able to be read from or written to an

address in an addressable space accessible by the processor 710. With this definition,

information accessible through a network is still within the memory, for instance,

because the processor 7 10 may retrieve the information from the network for operation

in accordance with the present system.

The processor 7 10 is operable for providing control signals and/or performing

operations in response to input signals from the user input device 770 as well as in

response to other devices of a network and executing instructions stored in the memory



720. The processor 710 may include one or more of a microprocessor, an application-

specific or general-use integrated circuit(s), a logic device, etc. Further, the processor

710 may be a dedicated processor for performing in accordance with the present

system or may be a particularly programmed general-purpose processor wherein only

one of many functions operates for performing in accordance with the present system.

The processor 710 may operate utilizing a program portion, multiple program segments,

and/or may be a hardware device utilizing a dedicated or multi-purpose integrated

circuit. Embodiments of the present system may provide imaging methods to acquire

and/or reconstruct images. Suitable applications may include imaging systems such as

ultrasound images. However, without limitation it should be understood that

embodiments of the present system may further include imaging systems such as MRI,

(computer-aided tomography (CAT), optical, X-ray, and/or combinations thereof.

Further, embodiments of the present system may be ideally suited for surgical

interventional techniques which may generate and render image and/or sensor

information from one or more imaging systems (e.g., ultrasound, CT scans, MRI, etc.)

having different coordinate systems wherein results are provided (e.g., images, position

and/or orientation information) in real-time with a unified coordinate system.

Further variations of the present system would readily occur to a person of

ordinary skill in the art and are encompassed by the following claims. Finally, the

above-discussion is intended to be merely illustrative of the present system and should

not be construed as limiting the appended claims to any particular embodiment or group

of embodiments. Thus, while the present system has been described with reference to

exemplary embodiments, it should also be appreciated that numerous modifications and

alternative embodiments may be devised by those having ordinary skill in the art without



departing from the broader and intended spirit and scope of the present system as set

forth in the claims that follow. In addition, any section headings included herein are

intended to facilitate a review but are not intended to limit the scope of the present

system. Accordingly, the specification and drawings are to be regarded in an illustrative

manner and are not intended to limit the scope of the appended claims.

In interpreting the appended claims, it should be understood that:

a) the word "comprising" does not exclude the presence of other elements or

acts than those listed in a given claim;

b) the word "a" or "an" preceding an element does not exclude the presence

of a plurality of such elements;

c) any reference signs in the claims do not limit their scope;

d) several "means" may be represented by the same item or hardware or

software implemented structure or function;

e) any of the disclosed elements may be comprised of hardware portions

(e.g., including discrete and integrated electronic circuitry), software portions (e.g.,

computer programming), and any combination thereof;

f) hardware portions may be comprised of one or both of analog and digital

portions;

g) any of the disclosed devices or portions thereof may be combined

together or separated into further portions unless specifically stated otherwise;



h) no specific sequence of acts or steps is intended to be required unless

specifically indicated;

i) the term "plurality of" an element includes two or more of the claimed

element, and does not imply any particular range of number of elements; that is, a

plurality of elements may be as few as two elements, and may include an immeasurable

number of elements; and

j ) the term and/or and formatives thereof should be understood to mean that

only one or more of the listed elements may need to be suitably present in the system in

accordance with the claims recitation and in accordance with one or more embodiments

of the present system.



Claims

What is claimed is:

1. A surgical guidance system (100, 700), comprising:

a memory (124, 720);

a rendering device;

an ultrasound probe (104, 304, 404, 750);

a shape-sensing-device (SSD) (102, 302, 602, 740) associated with the

ultrasound probe and having a predetermined position and orientation with regard to the

ultrasound probe; and

a controller (122, 710) coupled to the memory, the rendering device and the SSD,

the controller configured to:

determine at least one of location and orientation of the ultrasound probe

based upon position sensor information (PSI) received from the SSD,

select a view of a plurality of views of a workflow that are stored in the

memory;

obtain view setting information (VSI) for the selected view from the

memory, the VSI comprising parameters and at least one of a position and orientation of

the ultrasound probe for each of the views,

determine guidance information based upon a comparison of the

determined location and orientation of the ultrasound probe and the at least one of a

position and orientation of the ultrasound probe for the selected view, and



render the determined guidance information on the rendering device and

set ultrasound probe parameters based on the parameters of the VSI for the selected

view.

2 . The surgical guidance system of claim 1, wherein the SSD comprises at least one

position sensor (132, 740) and the controller is further configured to query the at least

one position sensor to obtain the PSI, the PSI being indicative of at least one of a

position and orientation of the at least one position sensor relative to a workspace.

3 . The surgical guidance system of claim 1, wherein the controller is further configured

to render the determined guidance information as directional indications to guide the

ultrasound probe to at least one of a position and orientation of the ultrasound probe for

the selected view.

4 . The surgical guidance system of claim 1, wherein the controller is further configured

to display simultaneously on the rendering device two or more of the plurality of views of

the workflow.

5 . The surgical guidance system of claim 4 , wherein the controller is further configured

to display on the rendering device an indication for each of the two or more views.



6 . The surgical guidance system of claim 4 , wherein the controller is further configured

to display on the rendering device the two or more views as a single view with the two

or more views anatomically positioned.

7 . The surgical guidance system of claim 1, wherein the controller is coupled to at least

one transducer of the ultrasound probe to obtain ultrasound image information using the

set ultrasound probe parameters.

8 . The surgical guidance system of claim 7 , wherein the controller is further configured

to reconstruct an image based upon the ultrasound image information in accordance

with the set ultrasound probe parameters.

9 . The surgical guidance system of claim 1, wherein the controller is further configured

to associate and store two or more of current parameters, location, orientation, and

ultrasound information of the ultrasound probe in association with the selected view.

10 . The surgical guidance system of claim 1, wherein the controller is further configured

to determine which of the plurality of views is closest to the determined at least one of

location and orientation of the ultrasound probe and select the view based on which

view is determined closest.



11. A method for guiding an ultrasound probe (104, 304, 404) for obtaining ultrasound

information, the method being performed by at least one controller (122, 710) and

comprising acts of:

determining at least one of location and orientation of the ultrasound probe based

upon position sensor information (PSI);

selecting a view of a plurality of views of a workflow that are stored in a memory;

obtaining view setting information (VSI) for the selected view, the VSI comprising

information related to parameters and at least one of a position and orientation of the

ultrasound probe for each of the views;

determining guidance information based upon a comparison of the location and

orientation of the ultrasound probe and the at least one of a position and orientation of

the ultrasound probe for the selected view; and

outputting the determined guidance information and setting ultrasound probe

parameters based on the parameters of the VSI for the selected view.

12. The method of claim 11, wherein the method further comprises an act of querying

at least one position sensor (132, 740) of a shape-sensing-device (SSD) ( 1 02, 302, 602)

to obtain the PSI, the PSI being indicative of at least one of a position and orientation of

the at least one position sensor relative to a workspace.

13 . The method of claim 11, wherein the act of outputting of the determined guidance

information comprises acts of generating guidance instructions corresponding to the



determined guidance information and rendering the generated guidance instructions on

a rendering device (126, 730) of the system.

14. The method of claim 11, wherein the act of outputting of the determined guidance

information comprises an act of transmitting the guidance information to at least one

robotic actuator to control at least one of position and orientation of the ultrasound

probe.

15 . The method of claim 11, wherein the act of outputting comprises an act of

outputting the determined guidance information as directional indications to guide the

ultrasound probe to at least one of a position and orientation of the ultrasound probe for

the selected view.

16 . The method of claim 1, comprising an act of displaying simultaneously on the

rendering device two or more of the plurality of views of the workflow.

17. A non-transitory computer readable medium (124, 720) comprising computer

instructions which, when executed by a processor (122, 710), configure the processor to

perform acts of:

determining at least one of location and orientation of an ultrasound probe (104,

304, 404) based upon position sensor information (PSI);

selecting a view of at least one registered view of a workflow;



obtaining view setting information (VSI) for the selected view, the VSI comprising

information related to parameters for each of the registered views and at least one of a

position and orientation of the ultrasound probe for each of the views;

determining guidance information based upon a comparison of the location and

orientation of the ultrasound probe and the at least one of a position and orientation of

the ultrasound probe for the selected view; and

outputting the determined guidance information and setting ultrasound probe

parameters based on the parameters of the VSI for the selected view.

18. The medium of claim 17, wherein the processor is further configured to perform an

act of querying at least one position sensor (132, 740) of a shape-sensing-device (SSD)

(102, 302, 602) to obtain the PSI, the PSI being indicative of at least one of a position

and orientation of the at least one position sensor relative to a workspace.

19. The medium of claim 17, wherein the processor is further configured to perform an

act of displaying simultaneously two or more of the plurality of views of the workflow.

20. The medium of claim 19, wherein the processor is further configured to perform the

act of displaying simultaneously the two or more of the plurality of views as a single

view with the two or more views anatomically positioned.

















A . CLASSIFICATION O F SUBJECT MATTER

INV. A61B34/00 A61B34/20 A61B8/12 A61B8/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal , WPI Data

C . DOCUMENTS CONSIDERED TO B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

EP 2 289 452 A2 ( INTUITIVE SURGICAL 1-10,
OPERATIONS [US] ) 2 March 2011 (2011-03-02) 17-20
para. 12 , 22 , 25 ,26, 38, 39 , 46, 54, 55 ,
63 , 71 , 79-86, 102 ;
f i gures 1, 2 , 3 , 5-6, 10, 11

US 2014/121489 Al (K0MMU CHS MOHAN KRISHNA 1-10,
[IN] ) 1 May 2014 (2014-05-01) 17-20
para. 5-7 , 18-23 , 27- 30, 33 , 36, 40-42 ;
f i gures 1, 3 , 4-6

0 2015/092581 Al (K0NINKL PHI LI PS NV 1-10,
[NL] ) 25 June 2015 (2015-06-25) 17-20
the whol e document

□ Further documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents :
"T" later document published after the international filing date or priority

date and not in conflict with the application but cited to understand
"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published o n or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel o r cannot be considered to involve an inventive

"L" documentwhich may throw doubts on priority claim(s) orwhich is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one o r more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

29 September 2017 13/10/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,
Fax: (+31-70) 340-3016 Kamp, Marti n



INTERNATIONAL SEARCH REPORT

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.: 11-16
because they relate to subject matter not required to be searched by this Authority, namely:

see FURTHER INFORMATION sheet PCT/ISA/210

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3 . □I I Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

□ As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

□ As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/ EP2017/ 065946

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Conti nuati on of Box I I . l

Cl aims Nos . : 11-16

Cl aims 11-16 are di rected t o a method for treatment of the human or
animal body by surgery - Rul e 39 . 1( ) PCT. The "gui di ng" of an
ul trasound probe wi thi n the body i s al ready consi dered t o be a such a
surgi cal method step accordi ng t o Rul e 39 . 1( ) PCT. Under terms of R.43
bi s PCT and Art. 35 (3) and 34(4) (a) ( i ) PCT an Internati onal Search
Authori t y i s not requi red t o carry out an exami nati on of such cl aims .



Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2289452 A2 02-03-2011 AT 540634 T 15-01 2012
CN 101193603 A 04-06 2008
EP 1887961 Al 20-02 2008
EP 2289452 A2 02-03 2011
EP 2289453 A2 02-03 2011
EP 2289454 A2 02-03 2011

P 4999012 B2 15-08 2012
P 5455173 B2 26- 03 2014
P 6138227 B2 31-05 2017
P 2008541990 A 27- 11 2008

J P 2012050887 A 15-03 2012
J P 2012050888 A 15-03 2012
J P 2012055717 A 22-03 2012
J P 2013252452 A 19-12 2013
J P 2014138901 A 31-07 2014
J P 2016041377 A 31-03 2016
KR 20080027224 A 26-03 2008
US 2007021738 Al 25-01 2007
US 2017128041 Al 11-05 2017
US 2017128144 Al 11-05 2017
US 2017128145 Al 11-05 2017

O 2007030173 Al 15-03 2007

US 2014121489 Al 01 -05 -2014 CN 103784162 A 14-05-2014
US 2014121489 Al 01-05-2014

o 2015092581 Al 25 -06 -2015 CN 105828721 A 03-08-2016
EP 3082610 Al 26-10-2016
J P 2017500935 A 12-01-2017
US 2017265946 Al 21-09-2017
WO 2015092581 Al 25-06-2015


	abstract
	description
	claims
	drawings
	wo-search-report

