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DESCRIPTION

BACKGROUND

Technical Field

[0001] The present disclosure relates to an endobronchial tool, and more particularly, to
devices, systems, and methods for navigating an endobronchial tool to access tissue located
outside a bronchus.

Description of Related Art

[0002] A common Interventional procedure In the field of pulmonary medicine I1s bronchoscopy,
IN which a bronchoscope Is Inserted into the airways through the patient's nose or mouth.
When treating malignancies of the lung, microwave ablation systems are often used In
conjunction with an electromagnetic navigation (EMN) system. One such system iIs described
In U.S. Pat. No. 6,188,355 and published PCT Application Nos. WO 00/10456 and WO
01/67035. An EMN system typically includes a bronchoscope, a catheter assembly containing
a location sensor at its steerable distal tip (e.g. locatable guide), an extended working channel
that extends beyond the reach of the bronchoscope and becomes a pathway to the target site
for subsequent diagnostic tools (e.g., biopsy tools, treatment catheters or laser, cryogenic,
radio frequency, or microwave tissue treatment probes), and a computer system which
provides the physician, or user, with navigational views of the lung. Once the bronchoscope is
Inserted into a patient's lungs, the locatable guide with the extended working channel is
Inserted into the bronchoscope. Using the navigation system and the steerable distal tip, the
locatable guide and extended working channel is navigated to a target location. The locatable
guide Is then removed, leaving the extended working channel in place. Subsequent diagnostic
tools can then be Inserted into the extended working channel and directed to the target
location.

[0003] However, In some cases, the target location or target tissue may be located outside the
bronchial walls. In this situation, it 1s necessary to first insert the locatable guide through the
extended working channel to guide the extended working channel towards the target tissue
until the bronchial walls are reached. Once the locatable guide reaches the bronchial walls, the
locatable guide must be removed from the extended working channel and a tool capable of
piercing the bronchial walls 1s inserted into the extended working channel, The tool is used to
pierce the airway wall and extend to the target lesion. The extended working channel is pushed
over the tool and placed outside the airway wall. In order to confirm location of the extended
working channel with respect to the lesion with the EMN system, the piercing tool is taken out
of the extended working channel and the locatable guide is reinserted. Once the target tissue
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IS reached, the locatable guide I1s removed and a biopsy tool or other Iinstrument may be
Inserted through the extended working channel in order to act on the targeted tissue (e.g.,
perform a biopsy or ablation of the targeted tissue).

[0004] There I1s a need for a tool, or locatable guide, capable of penetrating the bronchus to
access tissue located outside the bronchial walls while maintaining the ability to provide the
physician with positional information on EMN, thereby minimizing the number of steps
necessary to reach a target location.

[0005] WO2011070844 discloses a catheter configured so that the deformation and crushing
of the tip on the distal side thereof is minimized. A balloon catheter is provided with an
extended region extended further toward the distal side than the balloon. The extended region
IS formed so as to taper to the distal side. The extended region is configured in such a manner
that the material of the portion thereof which is located on the distal side relative to the middle
position thereof in the axial direction has higher hardness than the material of the portion which
IS located on the proximal side. Specifically, a base region which forms the proximal side of the
extended region consists of a polyamide elastomer, and an introduction tip region which forms
the distal side of the extended region Including the distal end section consists of a material
mainly consisting of a polyamide having higher hardness than the polyamide elastomer.

[0006] US2014276051 discloses delivering ablation fluid to a location of interest within a body
(e.g., a location with the lung). Ablation fluid delivery systems and devices can include flexible
delivery needles within which a plurality of smaller flexible needles Is housed. The smaller
flexible needles can be configured to articulate or bend with respect to the flexible delivery
needle to increase an effective delivery area for the ablation fluid. The smaller flexible needles
can include apertures or other openings to facilitate delivery of the ablation fluid to the location
of interest.

SUMMARY

[0007] Provided In accordance with the present disclosure i1s a bronchial piercing catheter
assembly used to navigate to target tissue in a patient under EMN guidance. The bronchial
piercing catheter assembly includes a handle, a shaft, and a catheter tip. The shaft extends
from the handle and includes a proximal end and a distal end, with the distal end configured to
penetrate tissue. The catheter tip Is located on the distal end of the shaft and i1s designed to
penetrate tissue. The catheter tip further includes a base member defined along a central
longitudinal axis of the bronchial piercing catheter, a trailing tip member having a proximal end
directly adjacent to a distal end of the base member, wherein the trailing tip member tapers
relative to the base member, and a leading tip member having a proximal end directly adjacent
to a distal end of the trailing tip member, wherein the leading tip member further tapers to a
distal end.

[0008] The trailing tip member tapers at an angle greater than the leading tip member when
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measured from a central longitudinal axis of the bronchial piercing catheter. The catheter tip
may be formed of titanium. The catheter tip has a thickness ranging from about 1.52 to
2.29mm (0.06 inches to about 0.09 inches). In embodiments, the shaft includes an inner layer
and an outer layer, wherein the inner layer i1Is made at least in part of a composite. The inner
layer may Include of a braided polymer composite and may have a thickness ranging from
about 1.27 to 1.78mm (0.05 inches to about 0.07 inches). In another embodiment, the distal
end further includes a locatable guide, wherein the locatable guide includes a location sensor
In operative communication with a navigation system.

[0009] According to further aspects of the disclosure, a method for marking a biopsy location In
a patient's airways Is also disclosed. The method Includes loading a navigation plan into a
navigation system. The navigation plan includes a CT volume generated from a plurality of CT
Images. The method further includes inserting an extended working channel (EWC) Into a
patient's airways, the EWC including a bronchial piercing catheter assembly with location
sensor In operative communication with the navigation system, registering a sensed location of
the probe with the CT volume of the navigation plan, selecting a target within the periphery
outside the airways in the navigation plan, navigating the EWC and location sensor proximate
the target, inserting a piercing catheter into the probe and piercing the airway walls to reach
the target, storing a position of the location sensor Iin the navigation system as a biopsy
location, and performing a biopsy at the stored biopsy location.

[0010] According to aspects of the disclosure, the method may further include placing a virtual
marker corresponding to the biopsy location in at least one of a 3D model of the patient's
airways generated from the CT volume or a local view of the patient's airways generated from
a slice of the CT volume. The method may also include removing a locatable guide from the
EWC prior to inserting the piercing catheter. In another aspect, the method may further include
locking the piercing catheter relative to the extended working channel. In embodiments, the
method may include inserting the piercing catheter into a target. In another embodiment, the
method further includes advancing the EWC over the piercing catheter to secure the EWC In
the target. In yet another embodiment, the method may further include removing the piercing
catheter from the EWC and inserting a biopsy tool through the EWC to the target to perform
the biopsy.

[0011] According to aspects of the disclosure, the piercing catheter of the method disclosed
may Include a catheter tip. The catheter tip may Iinclude a base member defined along a
central longitudinal axis of the probe, a trailing tip member adjacent to the base member,
wherein the trailing tip member tapers relative to the base member, and a leading tip member
adjacent to the trailing tip member, wherein the leading tip member further tapers to a distal
end. According to aspects of the disclosure the trailing tip member tapers at an angle greater
than the leading tip member when measured from a central longitudinal axis of the bronchial
piercing catheter. The catheter tip may be formed of a titanium metal. The catheter tip has a
thickness ranging from about 1.52 to 2.29mm (0.06 inches to about 0.09 inches).

BRIEF DESCRIPTION OF THE DRAWINGS
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[0012]

FIG. 1A Is a profile view of a bronchial piercing catheter assembly In accordance with an
embodiment of the present disclosure;

FIG. 1B Is a side view of the proximal end of the bronchial piercing catheter assembly of FIG.
1A;

FIG. 1C 1s a cross-sectional view of the catheter shaft at the indicated area of FIG. 1A;

FIG. 2A1s a profile view of the distal piercing tip of the bronchial piercing catheter assembly of
FIG. 1A

FIG. 2B 1s a cross-section view of the distal piercing tip depicted in FIG. 2A;

FIG. 3 1s a perspective view of a system for identifying a location of a medical instrument In
accordance with an embodiment of the present disclosure;

FIG. 4 1s a flowchart of a method for navigating a bronchial piercing catheter through a
patient's airways in accordance with an embodiment of the present disclosure;

FIG. 5 iIs an lillustration of a user interface of the workstation of FIG. 3 presenting a view for
marking a biopsy location in accordance with the present disclosure;

FIG. 6 I1s an illustration of the user interface of the workstation of FIG. 3 presenting a view for
marking a location of a biopsy or treatment of the target;

FIG. 7 Is an lllustration of the user interface of the workstation of FIG. 3 presenting a view
showing multiple marked biopsy locations; and

FIG. 8 Is a schematic diagram of a workstation configured for use with the system of FIG. 3.

DETAILED DESCRIPTION

[0013] The present disclosure Is related to medical instruments, systems, and methods used
to navigate to a specific target tissue location. In particular, an endobronchial tool consisting of
a polymeric catheter shaft and a distal tip capable of penetrating the bronchus to access tissue
located within the periphery outside the airway Is disclosed. Located at the distal end of the
shaft 1s an electromagnetic position and orientation sensor array allowing for a continuous
depiction of the current position of the endobronchial tool in a generated three-dimensional
(3D) model of the pathway.

[0014] Detalled embodiments of such devices, systems incorporating such devices, and
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methods using the same as described below. However, these detailled 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 realize that the same or similar devices, systems, and
methods may be used in other lumen networks, such as, for example, the vascular, lymphatic,
and/or gastrointestinal networks as well.

[0015] FIG. 1A Is an exemplary embodiment of a bronchial piercing catheter 101 In
accordance with one aspect of the present disclosure. The bronchial piercing catheter 101
Includes a handle 91, a catheter shaft 104, and a distal piercing tip 107 with an EM sensor 94.
The EM sensor 94 is similar to the EM sensor 94 described below with reference to FIG. 3.
The catheter shaft 104 can be Inserted in and navigated through extended working channel
(EWC) 96. The catheter shaft 104 and EWC 96 are selectively lockable relative to one another
via a locking mechanism 99.

[0016] FIG. 1B shows a cross-sectional view of the proximal end of bronchial piercing catheter
101 containing an electrical connection 103 to allow the bronchial piercing catheter 101 to
couple to a tracking system, as will be described In greater detall below. FIG. 1C depicts a
cross-section of the catheter shaft 104. The catheter shaft 104 includes an outer polymer
jacket 105 surrounding an inner layer 106 made from a braided polymer composite. The outer
polymer jacket 105 has an outer diameter of 1.93mm (0.0/6 inches) and may range from
about 1.52 to 2.29mm (0.06 to about 0.09 Inches), and has a thickness of about 0.20mm
(0.008 Inches). The inner layer 106 has an inner diameter of 1.52mm (0.060 inches) and may
range from about 1.27 10 1.78mm (0.05 to 0.07 inches).

[0017] FIG. 2A and 2B illustrate the distal piercing tip 107 of the bronchial piercing catheter
101 In accordance with one embodiment of the present disclosure. Distal piercing tip 107
Includes a catheter tip 200 which Is composed of two components, namely, a base member
201 defined along longitudinal axis "B" and a tip member 202. Tip member 202 of distal
piercing tip 107 generally tapers inwardly towards the longitudinal axis "B" to penetrating end
205. Tip member 202 defines a leading tip section 204 adjacent penetrating end 205 and a
trailing tip section 203. The diameter of leading tip section 204 gradually increases from
penetrating end 205 to the area of intersection of leading tip section 204 and trailing tip section
203, In embodiments In a linear manner. Likewise, the diameter of trailing tip section 203
gradually increases from the leading tip section 204 to the base member 201. Thus, trailing tip
section 203 tapers from the base member 201 to the leading tip section 204, and the leading
tip section tapers further, in embodiments at a different angle, or pitch, than the trailing tip
section 203, from the trailing tip section 203 to the penetrating end 205. Penetrating end 205
has a pointed tip that may have a sharpened edge to pierce tissue.

[0018] FIG. 2B depicts a cross-section of the distal piercing tip 107. As depicted in FIG. 2B, the
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catheter tip 200 i1s formed of a base member 201, a trailing tip section 203, and leading tip
section 204. The catheter tip 200 may be formed of steel, aluminum, titanium or other
appropriate metals. In embodiments, the base member 201 and the tip member 202 of the
catheter tip 200 are machined from a single metal component. Alternatively, the catheter tip
200 may be formed of ceramic, a matrix material such as epoxies, or other materials suitable
for the purposes described herein. As may be appreciated by one of ordinary skill in the art,
various dimensions and angles may be used to fabricate the catheter tip 200. For example, In
one embodiment, the catheter tip 200 may extend a length of about 4.2mm (0.165 Inches)
over the distal piercing tip 107 and may range from about 2.5 to 5.1mm (0.1 to 0.2 inches).
The leading tip section 204 may be about 0.58mm (0.023) inches In length and may range
from about .0.51 to 1.02mm (0.02 to 0.04 inches). As measured from the central longitudinal
axis "B" of the distal piercing tip 107, leading tip section 204 has an angle "C" of about 25
degrees and may range from about 20 to 30 degrees. The trailing tip section 203 may be
about 0.69mm (0.027 inches) In length and may range from about 0.51 to 1.02mm (0.02 to
0.04 inches). The trailing tip section 203 has an angle "D" of about 50 degrees and may range
from about 45 to 55 degrees. The outer diameter of catheter tip 200 may be about 2.13mm
(0.084 inches) and may range from about 1.8 to 2.5mm (0.07 to 0.1 inches).

[0019] The change In angle from the leading tip section 204 to the trailing tip section 203 and
from the trailing tip section 203 to the base member 201 helps Iimit unintentional piercing of
tissue. Further because of the relatively short length of the leading tip section 204, the extent
of such a piercing, should it occur, Is also Iimited. As the bronchial piercing catheter 101 Is
navigated to the target tissue, the leading tip section 204 and penetrating end 205 may
unintentionally prick or cut tissue, however, the increased angle of trailing tip section 203
ensures that the leading tip section 204 of the bronchial piercing catheter 101 does not
completely pierce through the tissue unless extra force Is exerted on the bronchial piercing
catheter 101 by the clinician. In other words, for the distal piercing tip 107 to pierce through
tissue beyond the trailing tip section 203, additional force must be applied.

[0020] Relatedly, the increased angle of the trailing tip section 203 acts as a blunt tipped
dissector providing an angled surface which helps to increase the size of an opening created
by the leading tip section 204 to at least the diameter of the base member 201 as the bronchial
piercing catheter 101 I1s advanced through for example bronchial wall tissue, or other tissue
between an opening In the bronchial wall and an intended target. As described below, an
extended working channel (EWC) 96 (Fig. 3), within which the bronchial piercing catheter 101
IS Inserted, can then be advanced into the opening initially created by the leading tip section
204 and expanded by the trailing tip section 203. Such an arrangement eliminates the need for
a second catheter or tissue expander as has been used previously, thus eliminating the need
for another tool within the system, and the number of movements of tools required to advance
a catheter to a desired target.

[0021] With reference to FIG. 3, an electromagnetic navigation (EMN) system 10 1s provided In
accordance with the present disclosure. One such EMN system i1s the ELECTROMAGNETIC
NAVIGATION BRONCHOSCOPY® system currently sold by Medtronic, Inc. Among other tasks
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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.

[0022] 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, an electromagnetic field generator 76, and a
workstation 80 Including software and/or hardware used to facilitate pathway planning,
iIdentification of target tissue, navigation to target tissue, and digitally marking the biopsy
location.

[0023] FIG. 3 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 bronchial piercing catheter assembly 90, 100 includes a handle 91, which is
connected to an 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 Iinserted Iinto the EWC 96 and locked Iinto position such that the sensor 94
extends a desired distance beyond the distal tip 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 /6 can be derived by the tracking module 72, and the
workstation 80. Catheter guide assemblies 90, 100 have different operating mechanisms. In
one embodiment, catheter guide assemblies 90, 100 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
Medtronic, Inc. under the name SUPERDIMENSION® Procedure Kits. Similarly catheter guide
assemblies 100 are currently sold by Medtronic, Inc. 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 Publication No. 2014/0046315 filed on March 15,
2013 by Ladtkow et al.

[0024] As Illustrated In FIG. 3, the patient Is shown lying on an operating table 40 with a
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.

[0025] 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).
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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., similar to
those disclosed In U.S. Patent No. 6,188,355 and published PCT Application Nos. WO
00/10456 and WO 01/670395, or any other suitable positioning measuring system is utilized for
performing navigation, although other configurations are also contemplated. Tracking system
70 1s configured for use with catheter guide assemblies 90, 100 to track the position of the EM
sensor 94 as it moves Iin conjunction with the EWC 96 through the airways of the patient, as
detailed below.

[0026] As shown In FIG. 3, electromagnetic field generator 76 Is positioned beneath the
patient. Electromagnetic field generator /6 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.

[0027] In practice, the clinician uses the catheter guide assemblies 90, 100 to navigate the
EWC 96 using the LG 92 to reach a desired exit location from within the luminal network of the
lungs (e.g. the airways). Once the exit location 1s reached, the LG 92 Is removed and the
bronchial piercing catheter 101 is inserted into the EWC 96. The bronchial piercing catheter
101 1s then advanced forward to pierce the bronchial walls while tracking its proximity to the
target. Once placed In proximity to the target, the EWC 96 i1s also advanced forward. The
bronchial piercing catheter 101 can then be removed, and a biopsy tool 102 can be inserted
Into the EWC 96 and advanced to the target. The use of the bronchial piercing catheter 101
allows the navigation of the EWC 96 to a target outside the airways and Iimits the need for live
fluoroscopic iImages, thus reducing radiation exposure. In an alternative embodiment (not
shown), the LG 92 is integrated with the bronchial piercing catheter 101. In this embodiment,
the bronchial piercing catheter 101 is locked inside the EWC 96 so the distal end of the
bronchial piercing catheter 101 is positioned inside the distal end of the EWC 96. The bronchial
piercing catheter 101 (with the Iintegrated LG 92) is then navigated with the EWC 96 to a
desired exit location within the luminal network of the lungs. Once the exit location is reached,
the bronchial piercing catheter 101 is advanced forward and locked relative to the EWC 96 In a
second position In which the distal end of the bronchial piercing catheter 101 is just beyond the
distal end of the EWC 96. The bronchial piercing catheter 101 and the EWC 96 are then
advanced forward to pierce the bronchial walls while tracking its proximity to the target. This

embodiment eliminates the step of removing the LG 92 In order to place the bronchial piercing
catheter 101 through the EWC 96.

[0028] Of course, those of skill in the art will recognize that a blunt tipped dissector, or other
tissue expander, Including inflatable tissue expanders could be utilized in combination with the
EWC 96 and the bronchial piercing catheter 101, without departing from the scope of the
present disclosure. Other advantages of this embodiment, and the use of the trailing tip section
203 as a dissector, will be described in greater detail below.
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[0029] Also shown In FIG. 3 1s a 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 1s used to collect one or more tissue sample from the target tissue. The biopsy tool 102
may further be configured for use Iin 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. 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 1s advanced through the patient's airways.

[0030] A variety of useable biopsy tools are described In U.S. Patent Publication Nos.
2015/0141869 and 2015/0141809 both entitled DEVICES, SYSTEMS, AND METHODS FOR
NAVIGATING A BIOPSY TOOL TO A TARGET LOCATION AND OBTAINING A TISSUE
SAMPLE USING THE SAME, filled September 17, 2014 and U.S. Patent Publication No.
2015/0265257 having the same title and filed December 9, 2014, both by Costello et al., the

entire contents of each of which are and useable with the EMN system 10 as described herein.

[0031] In an alternative embodiment, a microwave ablation catheter can be inserted into the
EWC 96 instead of a biopsy tool 102. In this embodiment, the bronchial piercing catheter 101
can be inserted into a desired location In the target tissue (e.g. a tumor or mass), and then the
EWC 96 1s advanced over the top of the bronchial piercing catheter 101 to secure the EWC 96
In the target tissue. This assures the microwave catheter reaches the target tissue. The
bronchial piercing catheter 101 i1s then removed and the microwave catheter can be navigated
to the target tissue through the EWC 96. In some embodiments the EWC 96 may have to be
retracted after placement of the microwave ablation catheter to enable operation of the
ablation catheter.

[0032] 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 targets 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
Publication Nos. 2014/0281961; 2014/0270441; and 2014/0282216, all entitled PATHWAY



DK/EP 3192446 13

PLANNING SYSTEM AND METHOD, filed on March 15,2014.

[0033] FIG. 4 depicts a flowchart of an example method for navigating the bronchial piercing
catheter 101 to a target tissue. Prior to the start of navigation, the clinician loads a navigation
plan Iinto application 81 from memory 802, a USB device, or from network Iinterface 208.
Inttially, LG 92 and EWC 96 are locked together via locking mechanism 99 and inserted into
bronchoscope 50 such that EM sensor 94 with distal tip 93 projects from the distal end of
bronchoscope 50. The clinician then inserts bronchoscope 50 into the patient in step S402.
Bronchoscope 50 may, for example, be inserted via the patient's mouth or nose.

[0034] The clinician advances bronchoscope 50, LG 92, and EWC 96 Iinto each region of the
patient's airways In step S404 until registration has occurred between the location of EM
sensor 94 of LG 92 and the 3D volume of the navigation plan. Further disclosure of the
process of registration is disclosed in U.S. Patent Application No. 14/790,581, entitled REAL-

TIME AUTOMATIC REGISTRATION FEEDBACK, filed on July 2, 2015, by Brown.

[0035] Once registration is complete, user interface 816 presents the clinician with a view 600,
similar to that shown In FIG. 5 to assist the clinician in navigating LG 92 and EWC 96 to the
target 604. View 600 may Include a local view 602, a 3D map dynamic view 606, and a
bronchoscope view 608. Local view 602 presents the clinician with a slice 610 of the 3D
volume located at and aligned with the distal tip 93 of LG 92. The slice 610 Is presented from
an elevated perspective. Local view 602 also presents the clinician with a visualization of the
distal tip 93 of LG 92 In the form of a virtual probe 612. Virtual probe 612 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 and EWC 96 In the patient's airways.

[0036] 3D map dynamic view 606 presents a dynamic 3D model 614 of the patient's airways
generated from the 3D volume of the loaded navigation plan. The orientation of dynamic 3D
model 614 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 614 that is relatively
unobstructed by airway branches that are not on the pathway to the target 604. 3D map
dynamic view 606 also presents the virtual probe 612 to the clinician as described above
where the virtual probe 612 rotates and moves through the airways presented in the dynamic
3D model 606 as the clinician advances the EM sensor 94 through corresponding patient
airways.

[0037] Bronchoscope view 608 presents the clinician with a real-time image received from the
bronchoscope 50 and 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 604.

[0038] The clinician navigates bronchoscope 50 toward the target 604 until the patient's
alrways become too small for bronchoscope 50 to pass and wedges bronchoscope 50 In place.
LG 92 and EWC 96 are then extended from bronchoscope 50 and the clinician navigates LG
92 and EWC 96 toward the target 604 using view 600 of user interface 816 in S406 until a
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barrier or bronchial walls are reached, preventing navigation of the LG 92 and EWC 96
towards the target 604. The LG 92 is then removed and the bronchial piercing catheter 101 Is
Inserted into the EWC 96. In an alternative embodiment, the bronchial piercing catheter 101 is
advanced through the airways without the need for the use of an LG 92 because the bronchial
piercing catheter 101 may also be equipped with an EM sensor 94. The EM sensor on the
piercing catheter 101 may operate alone or in combination with one or more EM sensors on
the EWC 96. The clinician then applies additional force on the bronchial piercing catheter 101
to pierce through the barrier or bronchial walls iIn S408. The leading tip section 204 allows the
bronchial piercing catheter 101 to pierce through the barrier and allow the EWC 96 to navigate
further towards the target 604. The bronchial piercing catheter 101 i1s then advanced towards
the target and the EVWC 96 subsequently advanced over the bronchial piercing catheter 101 In
S410 until the virtual probe 612 1s adjacent to or inserted into target 604, as shown, for
example, in FIG. 5.

[0039] The clinician may electronically mark the location of a biopsy by activating a "mark
position” button 616 to virtually mark the position of virtual probe 612 in the 3D volume which
corresponds to the registered position of EM sensor 94 on the piercing bronchial catheter 101
In step S412. Activating the "mark position” button 616 causes user interface 816 to present a
view /00 Including details of the marked position, as shown in FIG. 6. For example, view 700
may Indicate a distance to the target center 618 and a biopsy position number 620. As
described In greater detail below, this marked location of the biopsy Is then stored in memory
of the workstation 80 and associated with the record of the biopsy procedure for the patient.
For example screen shots of the locations may be incorporated into a report for a clinician to
consider when evaluating either the sufficiency of the biopsy or the adequacy of the sampling
locations, etc. These reports and the data associated with them may also be stored as part of
the patient's electronic medical record as would be understood by those of ordinary skill in the
art.

[0040] After activating the "mark position” button 616, the clinician may remove piercing
bronchial catheter 101 from EWC 96 and bronchoscope 50 and insert a biopsy tool 102 into
bronchoscope 50 and EWC 96 to obtain a tissue sample at the target 604 In step S414. In
some embodiments, the clinician then removes biopsy tool 102 from EWC 96 and
bronchoscope 50 and reinserts LG 92. When LG 92 reaches the distal end of EWC 96, the
clinician activates a "done” button 624 in view 700 indicating that the biopsy Is complete. The
EWC and LG 92 may then be utilized to navigate to another portion of that target or to another
target, and the same steps as described above may be repeated until all targets are biopsied.
Though described herein in a specific order, the perform biopsy step S414 and the mark
location step S412 may be performed in any order.

[0041] During the biopsy, application 81 stores the position marked by virtual probe 612 within
the patient's airways and places a virtual marker 622 in both the 3D model 614 and local view
602 of view 600 to mark the location where the tissue sample was obtained. The storing of the
position and placement of virtual marker 622 may be performed upon activation of the "mark
position” button 616 Iin view 600, during the biopsy, or upon activation of the "done"” button 624
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In view /00. Additionally, the location where the tissue sample Is obtained may also be
physically marked by, for example, implanting an echogenic marker or a dye which can be
detected in future CT scans of the patient and in some instances compared to the locations of
the virtual markers 622 stored In the CT image data and/or the navigation plan. In one
embodiment, a marker is inserted in to the EWC 96 and advanced or pushed out of the EWC
96 using the LG 92 to mark the location the biopsy was taken. After the tissue sample iIs
obtained and the location 1s marked, the clinician may remove biopsy tool 102 from
bronchoscope 50 and provide the tissue sample to a rapid on-site evaluation ("ROSE") clinician
for mmediate testing or submit to a lab for routine testing.

[0042] The clinician determines In step $S416 whether another biopsy needs to be performed at
target 604. If another biopsy needs to be performed, the clinician repositions either LG 92 or
bronchial piercing catheter 101 relative to target 604 in step $418 using view 600 and repeats
steps S412 to S416. As described above, the use of bronchial piercing catheter 101 enables
iInsertion of the EWC 92 Iinto the target 604, thus holding it in the desired location while the
bronchial piercing catheter 101 is removed and the biopsy tool is inserted. If no further biopsies
are required for target 604, the clinician determines if there is another target to be biopsied In
step S420. For example, the clinician may activate a target selection button 623 of view 600 to
see If navigation to another target has been planned. If another target is available, the clinician
may Initiate navigation to the new target by activating target selection button 623 and may
repeat steps S410 to S420 for the new target as described above.

[0043] As lllustrated In FIG. 7, a virtual marker 622 may be presented in view 800 for each
marked biopsy location and the clinician may return to a specified biopsy location at a later
time, for example, upon receiving a result of the ROSE testing to perform further biopsies or
treatment. The virtual marker 622 may be saved as part of the navigation plan, and may
Include additional information relating to the biopsy, such as the date and time when the tissue
sample was obtained, the results of related testing performed on the tissue sample, and/or
other information related to the biopsy. The virtual marker 622 may also be used as a future
target for planning additional pathways using the navigation plan. For example, application 81
may automatically create a pathway to stored virtual markers 622 based on the pathway
planned for target 604 since the pathway iIs already known. Alternatively, the actual path taken
to the virtual marker 622 by the LG 92 may be stored in association with the virtual marker
622. The clinician may also select which virtual markers 622 are displayed by activating a
virtual marker menu 626 and selecting a virtual marker position 628 corresponding to the
biopsy position number 620 from view 616, as shown, for example, in FIG. 5.

[0044] Turning now to FIG. 8, there I1s shown a system diagram of workstation 80. Workstation
80 may Include memory 802, processor 804, display 806, network interface 208, input device
810, and/or output module 812.

[0045] Memory 802 Includes any non-transitory computer-readable storage media for storing
data and/or software that is executable by processor 804 and which controls the operation of
workstation 80. In an embodiment, memory 802 may include one or more solid-state storage
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devices such as flash memory chips. Alternatively or in addition to the one or more solid-state
storage devices, memory 802 may include one or more mass storage devices connected to
the processor 804 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 804. 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.

[0046] Memory 802 may store application 81 and/or CT data 814. Application 81 may, when
executed by processor 804, cause display 806 to present user interface 816. 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 (VWAN), a wireless mobile
network, a Bluetooth network, and/or the internet. Input device 810 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 812 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.

[0047] Various methods for generating the 3D model are envisioned, some of which are more
fully described in co-pending U.S. Patent Publication Nos. 2014/0281961, 2014/0270441, and
2014/0282216, all entitled PATHWAY PLANNING SYSTEM AND METHOD, filed on March 15,
2013, by Baker. A location sensor may be incorporated into different types of tools and
catheters to track the location and assist in navigation of the tools. Navigation of the location
sensor or tool iIs more fully described in co-pending U.S. Patent Application No. 14/753,288,
entitted SYSTEM AND METHOD FOR NAVIGATING WITHIN THE LUNG, filed on June
29,2015, by Brown et al.. The tracked location of the location sensor may also be used to
virtually mark on a three-dimensional model of the airways of a patient the location within the
airways of the patient where a biopsy or treatment is performed.

[0048] Additional features of the EMN system of the present disclosure are described In co-
pending U.S. Patent Application Nos. 14/754,058, entitled INTELLIGENT DISPLAY, filed on
June 29, 2015, by KEHAT et al.; 14/788,952, entitled UNIFIED COORDINATE SYSTEM FOR
MULTIPLE CT SCANS OF PATIENT LUNGS, filed on July 1, 2015, by Greenburg; 14/790,395,
entitted ALIGNMENT CT, filed on July 2, 2015, by Klein et al.; 14/725,300, entitled
FLUOROSCOPIC POSE ESTIMATION, filed on May 29, 2015, by Merlet; 14/753,674, entitled
TRACHEA MARKING, filed on June 29, 2015, by Lachmanovich et al.; 14/755,708, and
14/755,721, both entitled SYSTEM AND METHOD FOR DETECTING TRACHEA, filed on June
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30,2015, by Markov et al; 14/754,867, entitled SYSTEM AND METHOD FOR
SEGMENTATION OF LUNG, filed on June 30, 2015, by Markov et al.; 14/790,107, entitled
SYSTEM AND METHOD OF PROVIDING DISTANCE AND ORIENTATION FEEDBACK WHILE
NAVIGATING IN 3D, filed on July 2, 2015, by Lachmanovich et al.; and 14/751,257,

entitled DYNAMIC 3D LUNG MAP VIEW FOR TOOL NAVIGATION INSIDE THE LUNG, filed on
June 26, 2015, by Weingarten et al..

[0049] While several embodiments of the disclosure have been shown In the drawings, it is not
Intended that the disclosure be limited thereto, as it i1s 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 of the
claims appended hereto.
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PATENTKRAY

1. Bronkiegennemtrengende kateterenhed (101), der anvendes til at navigere til et malvav hos
en patient, hvilken bronkiegennemtrengende kateterenhed omfatter:
et handtag (91);
et skaft (104), der streekker sig fra handtaget og indbefatter en proksimal ende og en
distal ende, hvor den distale ende er udformet til at gennemtraenge vaev; og
en kateterspids (107), der er placeret pa den distale ende af skaftet (104) og udformet til
at gennemtraenge vayv, hvilken kateterspids (107) indbefatter:
et basiselement (201), der omftatter en distal ende og er defineret lang en central
lengdeakse af det bronkiegennemtraengende kateter;
et bagerst spidselement (203), der omfatter en distal ende; og som har en proksimal
ende stgdende op til den distale ende af basiselementet, hvor det bagerste spidselement
tilspidser 1 forhold til basiselementet; og et forrest spidselement (204) med en
proksimal ende direkte stgdende op til den distale ende af det bagerste spidselement,
hvor det forreste spidselement endvidere tilspidser mod en distal gennemtraengende
ende (205);
og hvor det bagerste spidselement (203) tilspidser 1 en vinkel, der er stgrre end det
forreste spidselement ved maling fra en central lengdeakse af det

bronkiegennemtrengende kateter.

2. Bronkiegennemtrengende kateterenhed 1fglge krav 1, hvor det forreste spidselement (204)
tilspidser til en vinkel pa ca. 20 til 30 grader i forhold til den centrale lengdeakse og det
bagerste spidselement (203) tilspidser til en vinkel pa ca. 45 til 55 grader i forhold til den

centrale lengdeakse.

3. Bronkiegennemtrengende kateterenhed 1fglge krav 1 eller 2, hvor kateterspidsen (107) er at

titan.

4. Bronkiegennemtrangende kateterenhed ifglge et hvilket som helst foregaende krav, hvor
kateterspidsen (107) har en tykkelse 1 intervallet fra ca. 0,06 tomme (1,52 mm) til ca. 0,09

tomme (2,29 mm).

5. Bronkiegennemtrengende kateterenhed ifglge et hvilket som helst foregaende krav, hvor

skaftet (104) omfatter et indvendigt lag (106) og et udvendigt lag (105), og hvor det indvendige
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lag bestar af en komposit.

6. Bronkicgennemtraengende kateterenhed ifglge krav 35, hvor det indvendige lag (106) har en
tykkelse 1 intervallet fra ca. 0,05 tomme (1,27 mm) t1l ca. 0,07 tomme (1,78 mm).

7. Bronkiegennemtrengende kateterenhed 1fglge krav 5 eller 6, hvor kompositten er en flettet

polymerkomposit.

8. Bronkiegennemtrengende kateterenhed ifglge et hvilket som helst foregaende krav, hvor
den distale ende af skaftet (104) endvidere omfatter en lokaliserbar fgring (92), hvor den
lokaliserbare fgring indbefatter en lokaliseringssensor (94) 1 operativ forbindelse med et

navigationssystem.

9. Bronkiegennemtrengende kateterenhed ifglge et hvilket som helst foregaende krav, hvor det

bagerste spidselement og det forreste spidselement er symmetriske omkring lengdeaksen.
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