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scope, a probe insertable into a working channel of the bronchoscope and including a location sensor, and a workstation in operative 
communication with the probe and the bronchoscope, the workstation including a user interface that guides a user through a naviga
tion plan and is configured to present a central navigation view including a plurality of views configured for assisting the user in 
navigating the bronchoscope through central airways of the patient's bronchial tree toward the target, a peripheral navigation view 
including a plurality of views configured for assisting the user in navigating the probe through peripheral airways of the patient's 
bronchial tree to the target, and a target alignment view including a plurality of views configured for assisting the user in aligning a 
distal tip of the probe with the target.
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SYSTEM AND METHOD FOR NAVIGATING WITHIN THE LUNG

BACKGROUND

Technical Field

[0001] The present disclosure relates to devices, systems, and methods for

navigating within the lung.

Description of Related Art

[0002] A common device for inspecting the airway of a patient is a

bronchoscope. Typically, the bronchoscope is inserted into a patient’s airways through 

the patient’s nose or mouth and can extend into the lungs of the patient. A typical 

bronchoscope includes an elongated flexible tube having an illumination assembly for 

illuminating the region distal to the bronchoscope’s tip, an imaging assembly for 

providing a video image from the bronchoscope’s tip, and a working channel through 

which instruments, e.g., diagnostic instruments such as biopsy tools, therapeutic 

instruments can be inserted.

[0003] Bronchoscopes, however, are limited in how far they may be advanced

through the airways due to their size. Where the bronchoscope is too large to reach a 

target location deep in the lungs a clinician may utilize certain real-time imaging 

modalities such as fluoroscopy. Fluoroscopic images, while useful present certain 

drawbacks for navigation as it is often difficult to distinguish luminal passageways from 

solid tissue. Moreover, the images generated by the fluoroscope are two-dimensional 

whereas navigating the airways of a patient requires the ability to maneuver in three 

dimensions.

[0004] To address these issues systems have been developed that enable the

development of three-dimensional models of the airways or other luminal networks, 

typically from a series of computed tomography (CT) images. One such system has been
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developed as part of the ILOGIC® ELECTROMAGNETIC NAVIGATION BRONCHOSCOPY® 

(ENB™) system currently sold by Covidien LP. The details of such a system are described in the 

commonly assigned U.S. Patent No. 7,233,820, filed on March 29, 2004 by Gilboa and entitled 

ENDOSCOPE STRUCTURES AND TECHNIQUES FOR NAVIGATING TO A TARGET IN 

BRANCHED STRUCTURE, the contents of which are incorporated herein by reference.

[0005] While the system as described in U.S. Patent No. 7,233,820 is quite capable, there

is always a need for development of improvements and additions to such systems.

SUMMARY

[0006] Provided in accordance with the present disclosure is a system for navigating to a

target through a patient’s bronchial tree.

[0006a] It is an object of the present invention to substantially overcome or at least

ameliorate one or more of the above disadvantages.

[0006b] According to an aspect of the present invention, there is provided a system for 

navigating to a target through a patient's bronchial tree, the system comprising: a bronchoscope 

configured for insertion into the patient's bronchial tree, the bronchoscope defining a working 

channel; a probe insertable into the working channel of the bronchoscope and including a 

location sensor, the probe configured to navigate through the patient's bronchial tree; and a 

workstation in operative communication with the probe and the bronchoscope, the workstation 

including a memory and at least one processor, the memory storing a navigation plan and a 

program that, when executed by the processor, presents a user interface that guides a user 

through the navigation plan, the user interface configured to present: a central navigation view 

configuration including an array of views configured for assisting the user in navigating the 

bronchoscope through central airways of the patient's bronchial tree toward the target; a 

peripheral navigation view configuration including an array of views configured for assisting the 

user in navigating the probe through peripheral airways of the patient's bronchial tree to the 

target; and a target alignment view configuration including an array of views configured for 

assisting the user in aligning a distal tip of the probe with the target, wherein the user may 

toggle among the central navigation view configuration, the peripheral navigation view 

configuration, and the target alignment view configuration, and wherein at least one of the

22663866 (IRN: P254100)
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9 central navigation view configuration, the peripheral navigation view configuration, and the 

target alignment view configuration includes a three-dimensional view which includes a plane 

indicative of an orientation of the probe and an indicator indicating an elevation of the target 

relative to the plane indicative of an orientation of the probe.

[0007] In an aspect of the present disclosure, the system includes a bronchoscope

configured for insertion into the patient’s bronchial tree, a probe insertable into a working channel 

of the bronchoscope, and a workstation in operative communication with the probe and the 

bronchoscope. The probe includes a location sensor and is configured to navigate through the 

patient’s bronchial tree. The workstation includes a memory and at least one processor. The 

memory stores a navigation plan and a program that, when executed by the processor, presents a 

user interface that guides a user through the navigation plan. The user interface is configured to 

present a central navigation view including a plurality of views configured for assisting the user 

in navigating the bronchoscope through central airways of the patient’s bronchial tree toward the 

target, a peripheral navigation view including a plurality of views configured for assisting the user 

in navigating the probe through peripheral airways of the patient’s bronchial tree to the target, and 

a target alignment view including a plurality of views configured for assisting the user in aligning 

a distal tip of the probe with the target.

22663866 (IRN: P254100)
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[0008] In a further aspect of the present disclosure, each of the central navigation

view, peripheral navigation view, and target alignment view are configured to present 

one or more views selected from the group consisting of a bronchoscope view, a virtual 

bronchoscope view, a local view, a MIP view, a 3D map dynamic view, a 3D map static 

view, a sagittal CT view, an axial CT view, a coronal CT view, a tip view, a 3D CT 

view, and an alignment view.

[0009] In another aspect of the present disclosure, the central navigation view is

configured to present the bronchoscope view, virtual bronchoscope view, and 3D map 

dynamic view.

[0010] In yet another aspect of the present disclosure, the peripheral navigation

view is configured to present the bronchoscope view, 3D map dynamic view, tip view, 

and local view.

[0011] In an aspect of the present disclosure, the target alignment view is

configured to present the 3D map dynamic view, local view, alignment view, and 3D CT 

view.

[0012] In another aspect of the present disclosure, the 3D map dynamic view

includes a 3D model of the patient’s bronchial tree. The 3D map dynamic view may be 

configured to automatically adjust the orientation of the 3D model in response to 

movement of the location sensor within the patient’s airways.

[0013] In a further aspect of the present disclosure, the 3D model includes a

highlighted portion indicating a pathway along the patient’s bronchial tree to the target.

[0014] In another aspect of the present disclosure, at least one of the 3D map

dynamic view or the local view includes a virtual representation of the distal tip of the 

probe. The virtual representation may be configured to provide the user with an 

indication of an orientation of the distal tip of the probe.

3



WO 2016/004000 PCT/US2015/038478

[0015] In a further aspect of the present disclosure, the virtual representation of

the distal tip of the probe is a 3D virtual representation.

[0016] In yet a further aspect of the present disclosure, the distal tip of the probe

defines a configuration selected from the group consisting of a linear, a curved, or an 

angled configuration. The virtual representation of the distal tip of the probe may have 

the same configuration as the distal tip of the probe.

[0017] In another aspect of the present disclosure, the 3D map dynamic view

and/or the local view is configured to adjust the orientation of the virtual representation 

of the distal tip of the probe in response to a change in orientation of the distal tip of the 

probe within the patient’s airways.

[0018] In a further aspect of the present disclosure, the virtual bronchoscope

view includes a virtual pathway configured to provide the user with an indication of a 

pathway leading toward the target.

[0019] In yet another aspect of the present disclosure, the local view presents an

elevated view of a slice of a 3D volume of the navigation plan. The local view may be 

configured to change the slice of the 3D volume to be presented in response to 

movement of the probe within the patient’s bronchial tree.

[0020] In a further aspect of the present disclosure, the local view includes a 3D

representation of the target disposed relative to the presented slice of the 3D volume. The 

presented slice of the 3D volume may define a watermark against the 3D representation 

of the target indicating a relative position of the 3D representation of the target to the 

presented slice of the 3D volume.

[0021] In yet another aspect of the present disclosure, a first portion of the 3D

representation of the target disposed above the presented slice of the 3D volume is 

presented as a first color, and a second portion of the 3D representation of the target 

disposed below the presented slice of the 3D volume is presented as a second color.

4
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[0022] Any of the above aspects and embodiments of the present disclosure

may be combined without departing from the scope of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Objects and features of the presently disclosed system and method will

become apparent to those of ordinary skill in the art when descriptions of various 

embodiments thereof are read with reference to the accompanying drawings, of which:

[0024] FIG. 1 is a perspective view of an electromagnetic navigation system in

accordance with the present disclosure;

[0025] FIG. 2 is a schematic diagram of a workstation configured for use with

the system of FIG. 1;

[0026] FIG. 3 is a flow chart illustrating a method of navigation in accordance

with an embodiment of the present disclosure;

[0027] FIG. 4 is an illustration of a user interface of the workstation of FIG. 2

presenting a view for performing registration in accordance with the present disclosure;

[0028] FIG. 5 is an illustration of the view of FIG. 4 with each indicator

activated;

[0029] FIG. 6 is an illustration of a user interface of the workstation of FIG. 2,

presenting a view for verifying registration in accordance with the present disclosure;

[0030] FIG. 7 is an illustration of a user interface of the workstation of FIG. 2

presenting a view for performing navigation to a target further presenting a central 

navigation tab;

[0031] FIG. 8 is an illustration of the view of FIG. 7 further presenting a

peripheral navigation tab;

[0032] FIG. 9 is an illustration of the view of FIG. 7 further presenting the

peripheral navigation tab of FIG. 8 near the target;

5
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[0033] FIG. 10 is an illustration of the view of FIG. 7 further presenting a target

alignment tab;

[0034] FIG. 11 is an illustration of the user interface of the workstation of FIG. 2

presenting a view for marking a location of a biopsy or treatment of the target; and 

[0035] FIG. 12 is an illustration of the user interface of the workstation of FIG. 2

presenting a view for reviewing aspects of registration.

DETAILED DESCRIPTION

[0036] Devices, systems, and methods for navigating to a target within a luminal

network, for example, a patient’s lungs, are provided in accordance with the present 

disclosure and described in detail below. The disclosed navigation system and method 

provides a clinician with an easy to use workflow guiding the clinician through the 

various steps involved in performing navigation to a target in the luminal network. For 

example, the disclosed navigation system and method walk a clinician through a 

procedure which includes loading a navigation plan, performing registration, performing 

central navigation with a bronchoscope, performing peripheral navigation with an 

extended working channel and locatable guide, performing target alignment, performing 

a virtual biopsy or treatment location marking, and finally performing a biopsy or 

treatment of the target. The navigation plan may be based on a three-dimensional model 

of a patient’s lungs. Various methods for generating the 3D model are envisioned, some 

of which are more fully described in co-pending U.S. Patent Application Nos. 

13/838,805, 13/838,997, and 13/839,224, all entitled PATHWAY PLANNING 

SYSTEM AND METHOD, filed on March 15, 2013, by Baker, the entire contents of all 

of which are incorporated herein by reference. The disclosed navigation system and 

method also provide the clinician with the capability to virtually mark and track the 

locations of multiple biopsies or treatments and to easily return to the marked biopsy or 

treatment locations.

6
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[0037] Additional features of the ENB system of the present disclosure are

described in co-pending U.S. Provisional Patent Application Nos. 62/020,238, entitled 

INTELLIGENT DISPLAY, filed on July 2, 2014, by KEHAT et al.; 62/020,242, entitled 

UNIFIED COORDINATE SYSTEM FOR MULTIPLE CT SCANS OF PATIENT 

LUNGS, filed on July 2, 2014, by Greenburg; 62/020,245, entitled ALIGNMENT CT, 

filed on July 2, 2014, by Klein et al.; 62/020,250, entitled ALGORITHM FOR 

FLUOROSCOPIC POSE ESTIMATION, filed on July 2, 2014, by Merlet; 62/020,253, 

entitled TRACHEA MARKING, filed on July 2, 2014, by Lachmanovich et al.; 

62/020,257, entitled AUTOMATIC DETECTION OF HUMAN LUNG TRACHEA, 

filed on July 2, 2014, by Markov et al.; 62/020,261, entitled LUNG AND PLEURA 

SEGMENTATION, filed on July 2, 2014, by Markov et al.; 62/020,258, entitled CONE 

VIEW - A METHOD OF PROVIDING DISTANCE AND ORIENTATION 

FEEDBACK WHILE NAVIGATING IN 3D, filed on July 2, 2014, by Lachmanovich et 

al.; and 62/020,262, entitled DYNAMIC 3D LUNG MAP VIEW FOR TOOL 

NAVIGATION INSIDE THE LUNG, filed on July 2, 2014, by Weingarten et al., the 

entire contents of all of which are incorporated herein by reference.

[0038] However, these detailed embodiments are merely examples of the

disclosure, which may be embodied in various forms. Therefore, specific structural and 

functional details disclosed herein are not to be interpreted as limiting but merely as a 

basis for the claims and as a representative basis for allowing one skilled in the art to 

variously employ the present disclosure in virtually any appropriately detailed structure. 

While the following embodiments are described in terms of bronchoscopy of a patient’s 

airways, those skilled in the art will recognize that the same or similar devices, systems, 

and methods may be used in other luminal networks, such as, for example, the vascular, 

lymphatic, and/or gastrointestinal networks as well.

7
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[0039] With reference to FIG. 1, an electromagnetic navigation (EMN) system

10 is provided in accordance with the present disclosure. One such ENM system is the 

ELECTROMAGNETIC NAVIGATION BRONCHOSCOPY® system currently sold by 

Covidien LP. Among other tasks that may be performed using the EMN system 10 are 

planning a pathway to target tissue, navigating a positioning assembly to the target 

tissue, navigating a biopsy tool to the target tissue to obtain a tissue sample from the 

target tissue using the biopsy tool, digitally marking the location where the tissue sample 

was obtained, and placing one or more echogenic markers at or around the target.

[0040] EMN system 10 generally includes an operating table 40 configured to

support a patient; a bronchoscope 50 configured for insertion through the patient’s mouth 

and/or nose into the patient’s airways; monitoring equipment 60 coupled to 

bronchoscope 50 for displaying video images received from bronchoscope 50; a tracking 

system 70 including a tracking module 72, a plurality of reference sensors 74, and an 

electromagnetic field generator 76; a workstation 80 including software and/or hardware 

used to facilitate pathway planning, identification of target tissue, navigation to target 

tissue, and digitally marking the biopsy location.

[0041] FIG. 1 also depicts two types of catheter guide assemblies 90, 100. Both

catheter guide assemblies 90, 100 are usable with the EMN system 10 and share a 

number of common components. Each catheter guide assembly 90, 100 includes a 

handle 91, which is connected to an extended working channel (EWC) 96. The EWC 96 

is sized for placement into the working channel of a bronchoscope 50. In operation, a 

locatable guide (LG) 92, including an electromagnetic (EM) sensor 94, is inserted into 

the EWC 96 and locked into position such that the sensor 94 extends a desired distance 

beyond the distal tip 93 of the EWC 96. The location of the EM sensor 94, and thus the 

distal end of the EWC 96, within an electromagnetic field generated by the 

electromagnetic field generator 76, can be derived by the tracking module 72 and the 
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workstation 80. Catheter guide assemblies 90, 100 have different operating mechanisms, 

but each contain a handle 91 that can be manipulated by rotation and compression to 

steer the distal tip 93 of the LG 92, extended working channel 96. Catheter guide 

assemblies 90 are currently marketed and sold by Covidien LP under the name 

SUPERDIMENSION® Procedure Kits. Similarly, catheter guide assemblies 100 are 

currently sold by Covidien LP under the name EDGE™ Procedure Kits. Both kits 

include a handle 91, extended working channel 96, and locatable guide 92. For a more 

detailed description of the catheter guide assemblies 90, 100, reference is made to 

commonly-owned U.S. Patent Application Serial No. 13/836,203 filed on March 15, 

2013 by Ladtkow et al., the entire contents of which are hereby incorporated by 

reference.

[0042] As illustrated in FIG. 1, the patient is shown lying on operating table 40

with bronchoscope 50 inserted through the patient’s mouth and into the patient’s 

airways. Bronchoscope 50 includes a source of illumination and a video imaging system 

(not explicitly shown) and is coupled to monitoring equipment 60, e.g., a video display, 

for displaying the video images received from the video imaging system of 

bronchoscope 50.

[0043] Catheter guide assemblies 90, 100 including LG 92 and EWC 96 are

configured for insertion through a working channel of bronchoscope 50 into the patient’s 

airways (although the catheter guide assemblies 90, 100 may alternatively be used 

without bronchoscope 50). The LG 92 and EWC 96 are selectively lockable relative to 

one another via a locking mechanism 99. A six degrees-of-freedom electromagnetic 

tracking system 70, e.g., those disclosed in U.S. Patent No. 6,188,355 and published PCT 

Application Nos. WO 00/10456 and WO 01/67035, the entire contents of each of which 

is incorporated herein by reference, or any other suitable positioning measuring system, 

is utilized for performing navigation, although other configurations are also 

9
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contemplated. Tracking system 70 is configured for use with catheter guide assemblies 

90, 100 to track the position of the EM sensor 94 as it moves in conjunction with the 

EWC 96 through the airways of the patient, as detailed below.

[0044] As shown in FIG. 1, electromagnetic field generator 76 is positioned

beneath the patient. Electromagnetic field generator 76 and the plurality of reference 

sensors 74 are interconnected with tracking module 72, which derives the location of 

each reference sensor 74 in six degrees of freedom. One or more of reference sensors 74 

are attached to the chest of the patient. The six degrees of freedom coordinates of 

reference sensors 74 are sent to workstation 80, which includes application 81 where 

sensors 74 are used to calculate a patient coordinate frame of reference.

[0045] Also shown in FIG. 1 is a catheter biopsy tool 102 that is insertable into

the catheter guide assemblies 90,100 following navigation to a target and removal of the 

LG 92. The biopsy tool 102 is used to collect one or more tissue sample from the target 

tissue. As detailed below, biopsy tool 102 is further configured for use in conjunction 

with tracking system 70 to facilitate navigation of biopsy tool 102 to the target tissue, 

tracking of a location of biopsy tool 102 as it is manipulated relative to the target tissue 

to obtain the tissue sample, and/or marking the location where the tissue sample was 

obtained.

[0046] Although navigation is detailed above with respect to EM sensor 94 being

included in the LG 92 it is also envisioned that EM sensor 94 may be embedded or 

incorporated within biopsy tool 102 where biopsy tool 102 may alternatively be utilized 

for navigation without need of the LG or the necessary tool exchanges that use of the LG 

requires. A variety of useable biopsy tools are described in U.S. Provisional Patent 

Application Nos. 61/906,732 and 61/906,762, both entitled DEVICES, SYSTEMS, AND 

METHODS FOR NAVIGATING A BIOPSY TOOL TO A TARGET LOCATION 

AND OBTAINING A TISSUE SAMPLE USING THE SAME, filed November 20, 

10
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2013 and U.S. Provisional Patent Application No. 61/955,407 having the same title and 

filed March 14, 2014, the entire contents of each of which are incorporated herein by 

reference and useable with the EMN system 10 as described herein.

[0047] During procedure planning, workstation 80 utilizes computed

tomographic (CT) image data for generating and viewing a three-dimensional model 

(“3D model”) of the patient’s airways, enables the identification of target tissue on the 

3D model (automatically, semi-automatically or manually), and allows for the selection 

of a pathway through the patient’s airways to the target tissue. More specifically, the CT 

scans are processed and assembled into a 3D volume, which is then utilized to generate 

the 3D model of the patient’s airways. The 3D model may be presented on a display 

monitor 81 associated with workstation 80 or in any other suitable fashion. Using 

workstation 80, various slices of the 3D volume and views of the 3D model may be 

presented and/or may be manipulated by a clinician to facilitate identification of a target 

and selection of a suitable pathway through the patient’s airways to access the target. 

The 3D model may also show marks of the locations where previous biopsies were 

performed, including the dates, times, and other identifying information regarding the 

tissue samples obtained. These marks may also be selected as the target to which a 

pathway can be planned. Once selected, the pathway is saved for use during the 

navigation procedure. An example of a suitable pathway planning system and method is 

described in U.S. Patent Application Serial Nos. 13/838,805; 13/838,997; and 

13/839,224, filed on March 15, 2014, the entire contents of each of which are 

incorporated herein by reference.

[0048] During navigation, EM sensor 94, in conjunction with tracking system 70,

enables tracking of EM sensor 94 and/or biopsy tool 102 as EM sensor 94 or biopsy tool 

102 is advanced through the patient’s airways.

11
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[0049] Turning now to FIG. 2, there is shown a system diagram of workstation

80. Workstation 80 may include memory 202, processor 204, display 206, network 

interface 208, input device 210, and/or output module 212.

[0050] Memory 202 includes any non-transitory computer-readable storage

media for storing data and/or software that is executable by processor 204 and which 

controls the operation of workstation 80. In an embodiment, memory 202 may include 

one or more solid-state storage devices such as flash memory chips. Alternatively or in 

addition to the one or more solid-state storage devices, memory 202 may include one or 

more mass storage devices connected to the processor 204 through a mass storage 

controller (not shown) and a communications bus (not shown). Although the description 

of computer-readable media contained herein refers to a solid-state storage, it should be 

appreciated by those skilled in the art that computer-readable storage media can be any 

available media that can be accessed by the processor 204. That is, computer readable 

storage media includes non-transitory, volatile and non-volatile, removable and non

removable media implemented in any method or technology for storage of information 

such as computer-readable instructions, data structures, program modules or other data. 

For example, computer-readable storage media includes RAM, ROM, EPROM, 

EEPROM, flash memory or other solid state memory technology, CD-ROM, DVD, Blu- 

Ray or other optical storage, magnetic cassettes, magnetic tape, magnetic disk storage or 

other magnetic storage devices, or any other medium which can be used to store the 

desired information and which can be accessed by workstation 80.

[0051] Memory 202 may store application 81 and/or CT data 214. Application

81 may, when executed by processor 204, cause display 206 to present user interface 

216. Network interface 208 may be configured to connect to a network such as a local 

area network (LAN) consisting of a wired network and/or a wireless network, a wide 

area network (WAN), a wireless mobile network, a Bluetooth network, and/or the 

12
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internet. Input device 210 may be any device by means of which a user may interact 

with workstation 80, such as, for example, a mouse, keyboard, foot pedal, touch screen, 

and/or voice interface. Output module 212 may include any connectivity port or bus, 

such as, for example, parallel ports, serial ports, universal serial busses (USB), or any 

other similar connectivity port known to those skilled in the art.

[0052] FIG. 3 depicts an exemplary method of navigation using the navigation

workstation 80 and the user interface 216. In step S300, user interface 216 presents the 

clinician with a view (not shown) for the selection of a patient. The clinician may enter 

patient information such as, for example, the patient name or patient ID number, into a 

text box to select a patient on which to perform a navigation procedure. Alternatively, 

the patient may be selected from a drop down menu or other similar methods of patient 

selection. Once the patient has been selected, the user interface 216 presents the 

clinician with a view (not shown) including a list of available navigation plans for the 

selected patient. In step S302, the clinician may load one of the navigation plans by 

activating the navigation plan. The navigation plans may be imported from a procedure 

planning software.

[0053] Once the patient has been selected and a corresponding navigation plan

has been loaded, the user interface 216 presents the clinician with a patient details view 

(not shown) in step S304 which allows the clinician to review the selected patient and 

plan details. Examples of patient details presented to the clinician in the timeout view 

may include the patient’s name, patient ID number, and birth date. Examples of plan 

details include navigation plan details, automatic registration status, and/or manual 

registration status. For example, the clinician may activate the navigation plan details to 

review the navigation plan, and may verify the availability of automatic registration 

and/or manual registration. The clinician may also activate an edit button (not shown) to 

edit the loaded navigation plan from the patient details view. Activating the edit button 
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(not shown) of the loaded navigation plan may also activate the planning software 

described above. Once the clinician is satisfied that the patient and plan details are 

correct, the clinician proceeds to navigation setup in step S306. Alternatively, medical 

staff may perform the navigation setup prior to or concurrently with the clinician 

selecting the patient and navigation plan.

[0054] During navigation setup in step S306, the clinician or other medical staff

prepares the patient and operating table by positioning the patient on the operating table 

over the electromagnetic field generator 76. The clinician or other medical staff position 

reference sensors 74 on the patient’s chest and verify that the sensors are properly 

positioned, for example, through the use of a setup view (not shown) presented to the 

clinician or other medical staff by user interface 216. Setup view may, for example, 

provide the clinician or other medical staff with an indication of where the reference 

sensors 74 are located relative to the magnetic field generated by the transmitter mat 76. 

Patient sensors allow the navigation system to compensate for patient breathing cycles 

during navigation. The clinician also prepares LG 92, EWC 96, and bronchoscope 50 for 

the procedure by inserting LG 92 into EWC 96 and inserting both LG 92 and EWC 96 

into the working channel of bronchoscope 50 such that distal tip 93 of LG 92 extends 

from the distal end of the working channel of bronchoscope 50. For example, the 

clinician may extend the distal tip 93 of LG 92 10mm beyond the distal end of the 

working channel of bronchoscope 50.

[0055] Once setup is complete, the user interface 216 presents the clinician with

a view 400 for registering the location of LG 92 relative to the loaded navigation plan. 

In step S308 the clinician prepares for registration by inserting bronchoscope 50 with 

EWC 96, LG 92 and EM sensor 94 into the patient’s airway until the distal ends of the 

LG 92, the EM sensor 94, and bronchoscope 50 are positioned within the patient’s 

trachea, for example, as shown in FIG. 4. The clinician then activates registration via 
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input device 210, for example, a mouse or foot pedal. As shown in FIG. 4, view 400 

presents a clinician with a video feed 402 from bronchoscope 50 and a lung survey 404. 

Video feed 402 from bronchoscope 50 provides the clinician with a real-time video of 

the interior of the patient’s airways at the distal end of bronchoscope 50. Video feed 402 

allows the clinician to visually navigate through the airways of the lungs.

[0056] Lung survey 404 provides the clinician with indicators 406 for the trachea

408 and each region 410, 412, 414, and 416 of the lungs. Regions 410, 412, 414, may 

also correspond to the patient’s lung lobes. It is contemplated that an additional region 

(not shown) may be present and may correspond to the fifth lung lobe, e.g. the middle 

lung lobe in the patient’s right lung. Lung survey 404 may also be modified for patients 

in which all or a part of one of the lungs is missing, for example, due to prior surgery.

[0057] During registration, the clinician advances bronchoscope 50 and LG 92

into each region 410, 412, 414, and 416 until the corresponding indicator 406 is 

activated. For example, the corresponding indicator may display a “check mark” symbol 

417 when activated. As described above, the location of the EM sensor 94 at the distal 

tip 93 of LG 92 relative to each region 410, 412, 414, and 416 is tracked by the 

electromagnetic interaction between EM sensor 94 of LG 92 and the electromagnetic 

field generator 76 and may activate an indicator 406 when the EM sensor 94 enters a 

corresponding region 410, 412, 414, or 416.

[0058] In step S310, once the indicators 406 for the trachea 408 and each region

410, 412, 414, and 416 have been activated, for example, as shown in FIG. 5, the 

clinician activates the “done” button 418 via input device 210, for example, a mouse or 

foot pedal, and proceeds to verification of the registration in step S312. Although each 

indicator 406 is shown as activated in FIG. 5, the clinician may alternatively achieve 

registration with the currently loaded navigation plan while one or more of regions 410, 

412, 414, and 416 are not activated. For example, so long as the clinician has achieved 
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sufficient registration with the currently loaded navigation plan the clinician may activate 

the “done” button 418 to proceed to registration verification in step S312. More details 

regarding the process of registration are set forth in U.S. Provisional Patent Application 

No. 62/020,220, entitled REAL-TIME AUTOMATIC REGISTRATION FEEDBACK, 

filed on July 2, 2014, by Brown et al., the entire contents of which is incorporated herein 

by reference. Sufficient registration may depend on both the patient’s lung structure and 

the currently loaded navigation plan where, for example, only the indicators 406 for the 

trachea 408 and one or more of the regions 410, 412, 414, or 416 in one of the lungs may 

be necessary to achieve a useable registration where the plan identifies targets in one 

lung.

[0059] After registration with the currently loaded navigation plan is complete,

user interface 216 presents the clinician with a view 420 for registration verification in 

step S312. View 420 presents the clinician with an LG indicator 422 (actually depicting 

the location of the EM sensor 94) overlaid on a displayed slice 424 of the 3D volume of 

the currently loaded navigation plan, for example, as shown in FIG. 6. Although the 

slice 424 displayed in FIG. 6 is from the coronal direction, the clinician may 

alternatively select one of the axial or sagittal directions by activating a display bar 426. 

As the clinician advances the LG 92 and bronchoscope 50 through the patient’s airways, 

the displayed slice 424 changes based on the position of the EM sensor 94 of LG 92 

relative to the registered 3D volume of the navigation plan. The clinician then 

determines whether the registration is acceptable in step S314. Once the clinician is 

satisfied that the registration is acceptable, for example, that the LG indicator 422 does 

not stray from within the patient’s airways as presented in the displayed slice 424, the 

clinician accepts the registration by activating the “accept registration” button 428 and 

proceeds to navigation in step S316. Although registration has now been completed by 

the clinician, the EMN system 10 may continue to track the location of the EM sensor 94 
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of LG 92 within the patient’s airways relative to the 3D volume and may continue to 

update and improve the registration during the navigation procedure.

[0060] During navigation, user interface 216 presents the clinician with a view

450, as shown, for example, in FIG. 7. View 450 provides the clinician with a user 

interface for navigating to a target 452 (FIG. 8) including a central navigation tab 454, a 

peripheral navigation tab 456, and a target alignment tab 458. Central navigation tab 454 

is primarily used to guide the bronchoscope 50 through the patient’s bronchial tree until 

the airways become small enough that the bronchoscope 50 becomes wedged in place 

and is unable to advance. Peripheral navigation tab 456 is primarily used to guide the 

EWC 96, EM sensor 94, and LG 92 toward target 452 (FIG. 8) after the bronchoscope 50 

is wedged in place. Target alignment tab 458 is primarily used to verify that LG 92 is 

aligned with the target 452 after LG 92 has been navigated to the target 452 using the 

peripheral navigation tab 456. View 450 also allows the clinician to select target 452 to 

navigate by activating a target selection button 460.

[0061] Each tab 454, 456, and 458 includes a number of windows 462 that assist

the clinician in navigating to the target. The number and configuration of windows 462 

to be presented is configurable by the clinician prior to or during navigation through the 

activation of an “options” button 464. The view displayed in each window 462 is also 

configurable by the clinician by activating a display button 466 of each window 462. 

For example, activating the display button 466 presents the clinician with a list of views 

for selection by the clinician including a bronchoscope view 470 (FIG. 7), virtual 

bronchoscope view 472 (FIG. 7), local view 478 (FIG. 8), MIP view (not explicitly 

shown), 3D map dynamic view 482 (FIG. 7), 3D map static view (not explicitly shown), 

sagittal CT view (not explicitly shown), axial CT view (not shown), coronal CT view 

(not explicitly shown), tip view 488 (FIG. 8), 3D CT view 494 (FIG. 10), and alignment 

view 498 (FIG. 10).
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[0062] Bronchoscope view 470 presents the clinician with a real-time image

received from the bronchoscope 50, as shown, for example, in FIG. 7. Bronchoscope 

view 470 allows the clinician to visually observe the patient’s airways in real-time as 

bronchoscope 50 is navigated through the patient’s airways toward target 452.

[0063] Virtual bronchoscope view 472 presents the clinician with a 3D rendering

474 of the walls of the patient’s airways generated from the 3D volume of the loaded 

navigation plan, as shown, for example, in FIG. 7. Virtual bronchoscope view 472 also 

presents the clinician with a navigation pathway 476 providing an indication of the 

direction along which the clinician will need to travel to reach the target 452. The 

navigation pathway 476 may be presented in a color or shape that contrasts with the 3D 

rendering 474 so that the clinician may easily determine the desired path to travel.

[0064] Local view 478, shown in FIG. 8, presents the clinician with a slice 480 of

the 3D volume located at and aligned with the distal tip 93 of LG 92. Local view 478 

shows target 452, navigation pathway 476, and surrounding airway branches overlaid on 

slice 480 from an elevated perspective. The slice 480 that is presented by local view 478 

changes based on the location of EM sensor 94 relative to the 3D volume of the loaded 

navigation plan. Local view 478 also presents the clinician with a visualization of the 

distal tip 93 of LG 92 in the form of a virtual probe 479. Virtual probe 479 provides the 

clinician with an indication of the direction that distal tip 93 of LG 92 is facing so that 

the clinician can control the advancement of the LG 92 in the patient’s airways. For 

example, as the clinician manipulates the handle 91 of the catheter guide assembly 

90,100, the EWC 96 and the LG 92 locked into position relative thereto rotate, and the 

orientation of the distal end 479a of virtual probe 479 also rotates relative to the 

displayed slice 480 to allow the clinician to guide the LG 92 and EWC 96 through the 

patient’s airways. The local view 478 also provides the clinician with a watermark 481 

that indicates to the clinician the elevation of the target 452 relative to the displayed
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slice. For example, as seen in FIG. 8, the majority of the target 452 is located below 

watermark 481 and may, for example, be displayed as having a dark color such as a dark 

green, while a smaller portion of target 452 located above watermark 481 may be 

displayed, for example, as having a light color such as a light green. Any other color 

scheme which serves to indicate the difference between the portion of target 452 

disposed above watermark 481 and the portion of target 452 disposed below watermark 

481 may alternatively be used.

[0065] The MIP view (not explicitly shown), also known in the art as a

Maximum Intensity Projection view is a volume rendering of the 3D volume of the 

loaded navigation plan. The MIP view presents a volume rendering that is based on the 

maximum intensity voxels found along parallel rays traced from the viewpoint to the 

plane of projection. For example, the MIP view enhances the 3D nature of lung nodules 

and other features of the lungs for easier visualization by the clinician.

[0066] 3D map dynamic view 482 (FIG. 8) presents a dynamic 3D model 484 of

the patient’s airways generated from the 3D volume of the loaded navigation plan. 

Dynamic 3D model 484 includes a highlighted portion 486 indicating the airways along 

which the clinician will need to travel to reach target 452. The orientation of dynamic 

3D model 484 automatically updates based on movement of the EM sensor 94 within the 

patient’s airways to provide the clinician with a view of the dynamic 3D model 484 that 

is relatively unobstructed by airway branches that are not on the pathway to the target 

452. 3D map dynamic view 482 also presents the virtual probe 479 to the clinician as 

described above where the virtual probe 479 rotates and moves through the airways 

presented in the dynamic 3D model 484 as the clinician advances the LG 92 through 

corresponding patient airways.

[0067] 3D map static view (not explicitly shown) is similar to 3D map dynamic

view 482 with the exception that the orientation of the static 3D model does not 
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automatically update. Instead, the 3D map static view must be activated by the clinician 

to pan or rotate the static 3D model. The 3D map static view may also present the virtual 

probe 479 to the clinician as described above for 3D map dynamic view 482.

[0068] The sagittal, axial, and coronal CT views (not explicitly shown) present

slices taken from the 3D volume of the loaded navigation plan in each of the coronal, 

sagittal, and axial directions. Examples of the coronal, sagittal, and axial CT views can 

be found in U.S. Patent Application Serial Nos. 13/838,805 mentioned above.

[0069] Tip view 488 presents the clinician with a simulated view from the distal

tip 93 of LG 92, as shown, for example, in FIG. 8. Tip view 488 includes a crosshair 

490 and a distance indicator 492. Crosshair 490 may be any shape, size, or color that 

indicates to the clinician the direction that the distal tip 93 of LG 92 is facing. Distance 

indicator 492 provides the clinician with an indication of the distance from the distal tip 

93 of LG 92 to the center of target 452. Tip view 488 may be used to align the distal tip 

93 LG 92 with the target 452.

[0070] 3D CT view 494 (FIG. 10) presents the clinician with a 3D projection 496

of the 3D volume located directly in front of the distal tip of LG 92. For example, 3D 

projection 496 presents high density structures such as, for example, blood vessels, and 

lesions to the clinician. 3D CT view 494 may also present distance indicator 492 to the 

clinician as described above for tip view 488.

[0071] Alignment view 498 (FIG. 10) presents the clinician with a 2D projection

500 of the 3D volume located directly in front of the distal tip 93 of LG 92, for example, 

as shown in FIG. 10. 2D projection 500 presents high density structures such as, for 

example, blood vessels and lesions. In 2D projection 500, target 452 may presented as a 

color, for example, green, and may be translucent. Alignment view 498 may also present 

distance indicator 492 to the clinician as described above for tip view 488.

[0072] Navigation to a target 452 will now be described:
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[0073] Initially, in step S316, view 450 is presented to the clinician by user

interface 202 with central navigation tab 454 active, as shown, for example, in FIG. 7. 

Central navigation tab 454 may be the default tab upon initialization of view 450 by user 

interface 202. Central navigation tab 454 presents the clinician with the bronchoscope 

view 470, virtual bronchoscope view 472, and 3D map dynamic view 482, as described 

above. Using central navigation tab 452, the clinician navigates bronchoscope 50, LG 

92, and EWC 96 toward the target 452 by following the navigation pathway 476 of 

virtual bronchoscope view 472 along the patient’s airways. The clinician observes the 

progress of bronchoscope 50 in each view 470, 472, and 482. In step S318, the clinician 

determines whether the airways leading to the target have become too small for 

bronchoscope 50 and, if so, wedges the bronchoscope 50 in place. Once the 

bronchoscope 50 has been wedged in place, the clinician activates peripheral navigation 

tab 456 using input device 210, for example, a mouse or foot pedal, and proceeds to 

peripheral navigation in step S320.

[0074] During peripheral navigation in step S320, peripheral navigation tab 456

is presented to the clinician as shown, for example, in FIG. 8. Peripheral navigation tab 

456 presents the clinician with the local view 478, 3D Map Dynamic view 482, 

bronchoscope view 470, and tip view 488. Peripheral navigation tab 456 assists the 

clinician with navigation between the distal end of bronchoscope 50 and target 452. As 

shown in the bronchoscope view 470 in FIG. 8, the clinician extends LG 92 and EWC 96 

from the working channel of bronchoscope 50 into the patient’s airway toward target 

452. The clinician tracks the progress of LG 92, EM sensor 94, and EWC 96 in the local 

view 478, the 3D map dynamic view 482, and the tip view 488. For example, as 

described above, and shown in FIG. 8, the clinician rotates LG 92, EM sensor 94, and 

EWC 96 relative to the patient’s airways until the tip 479a of virtual probe 479 is 

oriented toward the desired airway leading to the target 452. For example, the desired 
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airway may be determined based on the navigation pathway 476 presented in local view 

478 and the highlighted portion 486 presented in 3D map dynamic view 482. The 

clinician then advances LG 92, EM sensor 94, and the EWC 96 into the desired airway 

and confirms the movement of the EM sensor 94 relative to the target 452 and the 

patient’s airways in the 3D map dynamic view 482 and local view 478. The clinician 

may also check the location of target 452 on the tip view 488 to determine where the 

target 452 is relative to the orientation of the distal tip 93 of LG 92 as LG 92 moves 

closer to the target 452.

[0075] When the clinician has advanced the distal tip 93 of LG 92 to target 452,

as shown, for example, in FIG. 9, the clinician may decide in step S322 to activate the 

target alignment tab 458 to confirm target alignment with the target 452.

[0076] During target alignment in step S324, target alignment tab 458 is

presented to the clinician as shown, for example, in FIG. 10. Target alignment tab 458 

presents the clinician with the local view 478, 3D Map Dynamic view 482, 3D CT view 

494, and Alignment view 498. Target alignment tab 458 assists the clinician with 

alignment of the LG 92 with the target 452. By comparing the 3D and 2D projections of 

the 3D CT view 494 and alignment view 498 with the position and orientation of the 

virtual probe 479 in the local view 488 and 3D map dynamic view 482, the clinician may 

make a determination of whether the distal tip 93 of LG 92 is aligned with the target 452 

and of the relative distance of the distal tip 93 of LG 92 to the target 452.

[0077] After the clinician determines that the target has been aligned in step S326

using the target alignment tab 458, or if the clinician decides not to activate the target 

alignment view 458 in step S322, the clinician may decide to activate the “mark 

position” button 502 of either the peripheral navigation tab 456 (FIG. 9) or the target 

alignment tab 458 (FIG. 10) in step S328 to virtually mark the current position of the 

virtual probe 479 where the registered position of the virtual probe 479 corresponds to 
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the current location of the distal tip 93 of LG 92. This mark may be permanently 

recorded as part of the navigation plan to enable a clinician to return to substantially the 

same location in subsequent navigations or at a later time in the same procedure, for 

example, where a biopsy sample has been taken and is determined to be cancerous and in 

need of immediate treatment. More details regarding the process of virtually marking a 

biopsy location are set forth in U.S. Patent Application No. 62/020,177, entitled 

METHODS FOR MARKING BIOPSY LOCATION, filed on July 2, 2014, by Brown, 

the entire contents of which is incorporated herein by reference.

[0078] Once the clinician has activated the “mark position” button 502, the user

interface 216 presents the clinician with a view 504 providing the clinician with details 

of the marked position of the virtual probe 470, as shown, for example, in FIG. 11. For 

example, view 504 provides the clinician with a biopsy or treatment position number 506 

and distance to target center 508 for the clinicians review. While view 504 is presented, 

the clinician may withdraw the LG 92 from EWC 96 of the bronchoscope 50 and insert a 

tool through EWC 96 in step S330, for example, a biopsy device 102, a fiducial marking 

device, an ablation probe, a chemical treatment probe, or other similar tools to sample, 

mark and/or treat the target 452. Once the clinician has finished sampling, marking, 

and/or treating the target 452 using the tool, the clinician withdraws the tool from 

bronchoscope 50 and inserts LG 92 back into bronchoscope 50. The clinician then 

activates the “done” button 510 to finish marking the target 452.

[0079] Once the “done” button 506 has been activated, the user interface 216

presents the clinician with view 500 with one of tabs 454, 456, or 458 active. As can be 

seen in FIG. 10, for example, a representation of a virtual marker 512 is presented by 

target alignment tab 458 in various views including, for example, the 3D Map Dynamic 

view 482, local view 488, or any other view described above to indicate to the clinician 

the location of a previous treatment site. The clinician then determines whether an 
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additional biopsy, marking, or treatment is required for the target 452 in step S332. If 

additional biopsies are required, the clinician repeats steps S320 through S330. Because 

the clinician has already navigated to the target 452, the clinician may alternatively 

repeat only a subset of steps S320 through S330. For example, the clinician may return 

to the target alignment tab 458 without activating the peripheral navigation tab 456 to 

continue navigating to the target or aligning the LG 92 with the target for an additional 

biopsy, marking, or treatment. Alternatively, the clinician may use only the peripheral 

navigation tab 456 to continue navigating to the target 452 for an additional biopsy or 

treatment.

[0080] If no additional biopsies or treatments are required, the clinician

determines whether there is an additional target planned for navigation by activating the 

target selection button 460 in step S334. If an additional target is planned for navigation, 

the clinician activates the additional target and repeats steps S316 through S332 to 

navigate to the additional target for biopsy or treatment. If the additional target is in the 

same lung lobe or region as target 452, the clinician may alternatively only repeat a 

subset of steps S316 through S332. For example, the clinician may start navigation to 

the additional target using the peripheral navigation tab 456 (step S320) or the target 

alignment tab 458 (step S324) without using the central navigation tab 454 (step S316) 

where the location of the wedged bronchoscope 50 can still provide access to the 

additional target.

[0081] If there are no other targets, the clinician has finished the navigation

procedure and may withdraw the LG 92, EWC 96, and bronchoscope 50 from the 

patient. The clinician may then export a record of the navigation procedure in step S336 

to memory 202, to a USB device via output module 212, or to a server or other 

destination for later review via network interface 208.
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[0082] During the navigation procedure, the EM sensor 94 of LG 92 may

continuously update workstation 80 with registration information such that the 

registration is continuously updated. In addition, workstation 80 may automatically 

adjust the registration when the registered location of EM sensor 94 of LG 92 in the 3D 

volume is found to be located outside of an airway of the 3D volume such that EM 

sensor 94 of LG 92 is reregistered to be within an airway of the 3D volume. For 

example, the registration may be updated such that the location of the EM sensor 94 in 

the 3D volume is automatically snapped to the nearest airway. In this manner a dynamic 

registration of the location of EM sensor 94 of LG 92 relative to the 3D volume of the 

loaded navigation plan may be accomplished.

[0083] At any time during the navigation procedure the clinician may also review

the registration by activating the “options” button 464 and activating a review 

registration button (not shown). The user interface 216 then presents the clinician with a 

view 514 as shown, for example, in FIG. 12. View 514 presents the clinician with a 3D 

model 516 of the patient’s bronchial tree generated from the 3D volume of the loaded 

navigation plan for review of the registration. As shown in FIG. 12, 3D model 516 

includes a set of data points 518 that are generated during registration based on the 

locations to which the sensor 94 of LG 92 has traveled within the patient’s airways. The 

data points 518 are presented on the 3D model 516 to allow the clinician to assess the 

overall registration of the 3D model 516 with the patient’s airways. In addition, during 

navigation to target 452, a second set of data points 520 are generated based on the 

locations to which the sensor 94 of LG 92 has traveled on its path to the target 452. Data 

points 518 and 520 may be color coded, for example, green and purple, respectively, or 

may have different shapes or other identifying features that allow the clinician to 

differentiate between data points 518 and 520. The clinician may also activate or de
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activate check boxes 522 to control which sets of data points 518 and 520 are presented 

in the 3D model 516.

[0084] As used herein, the term “distal” refers to the portion that is being

described which is further from a user, while the term “proximal” refers to the portion 

that is being described which is closer to a user. Further, to the extent consistent, any of 

the aspects and features detailed herein may be used in conjunction with any or all of the 

other aspects and features detailed herein.

[0085] While several embodiments of the disclosure have been shown in the

drawings, it is not intended that the disclosure be limited thereto, as it is intended that the 

disclosure be as broad in scope as the art will allow and that the specification be read 

likewise. Therefore, the above description should not be construed as limiting, but 

merely as exemplifications of particular embodiments. Those skilled in the art will 

envision other modifications within the scope and spirit of the claims appended hereto.
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CLAIMS:

1. A system for navigating to a target through a patient's bronchial tree, the system 

comprising:

a bronchoscope configured for insertion into the patient's bronchial tree, the bronchoscope 

defining a working channel;

a probe insertable into the working channel of the bronchoscope and including a location 

sensor, the probe configured to navigate through the patient's bronchial tree; and

a workstation in operative communication with the probe and the bronchoscope, the 

workstation including a memory and at least one processor, the memory storing a navigation 

plan and a program that, when executed by the processor, presents a user interface that guides a 

user through the navigation plan, the user interface configured to present:

a central navigation view configuration including an array of views configured for 

assisting the user in navigating the bronchoscope through central airways of the patient's 

bronchial tree toward the target;

a peripheral navigation view configuration including an array of views configured 

for assisting the user in navigating the probe through peripheral airways of the patient's 

bronchial tree to the target; and

a target alignment view configuration including an array of views configured for assisting 

the user in aligning a distal tip of the probe with the target, wherein the user may toggle among 

the central navigation view configuration, the peripheral navigation view configuration, and the 

target alignment view configuration, and wherein at least one of the central navigation view 

configuration, the peripheral navigation view configuration, and the target alignment view 

configuration includes a three-dimensional view which includes a plane indicative of an 

orientation of the probe and an indicator indicating an elevation of the target relative to the plane 

indicative of an orientation of the probe.

2. The system according to claim 1, wherein each of the central navigation view 

configuration, peripheral navigation view configuration and target alignment view configuration 

are configured to present one or more views selected from the group consisting of a 

bronchoscope view, a virtual bronchoscope view, a local view, a MIP view, a 3D map dynamic 

view, a 3D map static view, a sagittal CT view, an axial CT view, a coronal CT view, a tip view, 

a 3D CT view, and an alignment view.

22663866 (IRN: P254100)
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configured to present the bronchoscope view, virtual bronchoscope view, and 3D map dynamic 

view.

4. The system according to claim 2, wherein the peripheral navigation view configuration is 

configured to present the bronchoscope view, 3D map dynamic view, tip view, and local view.

5. The system according to claim 2, wherein the target alignment view configuration is 

configured to present the 3D map dynamic view, local view, alignment view, and 3D CT view.

6. The system according to claim 2, wherein the 3D map dynamic view includes a 3D model 

of the patient's bronchial tree, the 3D map dynamic view configured to automatically adjust the 

orientation of the 3D model in response to movement of the location sensor within the patient's 

airways.

7. The system according to claim 6 wherein the 3D model includes a highlighted portion 

indicating a pathway along the patient's bronchial tree to the target.

8. The system according to claim 2, wherein at least one of the 3D map dynamic view or the 

local view includes a virtual representation of the distal tip of the probe, the virtual 

representation configured to provide the user with an indication of an orientation of the distal tip 

of the probe.

9. The system according to claim 8, wherein the virtual representation of the distal tip of the 

probe is a 3D virtual representation.

10. The system according to claim 8, wherein the distal tip of the probe defines a 

configuration selected from the group consisting of a linear, a curved, or an angled 

configuration, and wherein the virtual representation of the distal tip of the probe has the same 

configuration as the distal tip of the probe.

11. The system according to claim 8, wherein the at least one of the 3D map dynamic view 

and the local view is configured to adjust the orientation of the virtual representation of the 

distal tip of the probe in response to a change in orientation of the distal tip of the probe within 

the patient's airways.

22663866 (IRN: P254100)
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12. The system according to claim 2, wherein the virtual bronchoscope view includes a virtual 

pathway configured to provide the user with an indication of a pathway leading toward the 

target.

13. The system according to claim 2, wherein the local view presents an elevated view of a 

slice of a 3D volume of the navigation plan, and wherein the local view is configured to change 

the slice of the 3D volume to be presented in response to movement of the probe within the 

patient's bronchial tree.

14. The system according to claim 13, wherein the local view includes a 3D representation of 

the target disposed relative to the presented slice of the 3D volume, the presented slice of the 3D 

volume defining a watermark against the 3D representation of the target indicating a relative 

position of the 3D representation of the target to the presented slice of the 3D volume.

15. The system according to claim 14, wherein a first portion of the 3D representation of the 

target disposed above the presented slice of the 3D volume is presented as a first color, and a 

second portion of the 3D representation of the target disposed below the presented slice of the 

3D volume is presented as a second color.
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