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configured to sense a characteristic of tissue proximate either or both of the extended working channel or the surgical device. The
system further includes a computing device operably coupled to the sensor. The computing device is configured to receive the
characteristic from the sensor and determine whether the tissue characteristic is indicative of the target or tissue other than the
target.
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(57) Abstract: A system and method for monitoring a surgical procedure, the system including a catheter guidance assembly includ-
ing an extended working channel navigable to a target, a surgical device positionable through the extended working channel to ac -
cess the target, at least one sensor disposed on either the extended working channel or the surgical device. The at least one sensor is
configured to sense a characteristic of tissue proximate either or both of the extended working channel or the surgical device. The
system further includes a computing device operably coupled to the sensor. The computing device is configured to receive the char -
acteristic from the sensor and determine whether the tissue characteristic is indicative of the target or tissue other than the target.
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SYSTEM AND METHOD FOR PLANNING, MONITORING, AND CONFIRMING
TREATMENT

CROSS REFERENCE TO RELATED APPLICATION

The present application claims the benefit of and priority to U.S. Patent Application
Serial No. 14/831,983, filed on August 21, 2015, and U.S. Provisional Application Serial No.
62/041,397, filed on August 25, 2014, the entire contents of which are incorporated herein by
reference.

BACKGROUND

Technical Field

[0001] The present disclosure relates to a system, apparatus, and method of navigation
and position confirmation and treatment zone planning, monitoring, and confirmation for
surgical procedures. More particularly, the present disclosure relates to a system and method for
enhanced navigation of an extended working channel or catheter and one or more tools
positionable therethrough in one or more branched luminal networks of a patient, confirming
placement of those tools relative to a target tissue prior to initiating treatment, generating
treatment plans for target tissue, and monitoring and confirming the zone treated by the surgical
tool after treatment is initiated.

Description of Related Art

[0002] Microwave ablation is a commonly applied method for treating various maladies
affecting organs including the liver, brain, heart, lung and kidney. Commonly, one or more
imaging modalities, whether magnetic resonance imaging, ultrasound imaging, computer
tomography (CT), as well as others will be employed by a clinician to identify areas of interest

within a patent and ultimately targets for treatment. Once identified, an area of interest will
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typically require a biopsy using a biopsy tool to confirm whether treatment or observation is
necessitated at a particular time. This biopsy is typically performed under one of a number of
image guidance modalities, and/or in conjunction with a navigation system. If the biopsy reveals
that the area of interest is malignant, it may prove useful to treat the area using microwave
ablation.

[0003] Microwave ablation may be performed by transmitting microwave energy through
a needle inserted percutancously in the patient to ablate the area of interest. Alternatively, where
practicable, an endoscopic approach can be undertaken, where, once navigated to the identified
target, a flexible microwave ablation catheter can be placed in the target to ablate the area of
interest. The endoscopic approach is particularly useful when treating luminal networks of the
body such as the lungs.

[0004] To enable the endoscopic approach, for example in the lungs, endobronchial
navigation systems have been developed that use CT image data to create a navigation plan to
facilitate advancing a navigation catheter (or other suitable device) through a bronchoscope and a
branch of the bronchus of a patient to the area of interest. Endobronchial navigation may be
employed both in the diagnostic (i.c., biopsy phase) and the treatment phases. Electromagnetic
tracking may be utilized in conjunction with the CT data to facilitate guiding the navigation
catheter through the branch of the bronchus to the area of interest. In certain instances, the
navigation catheter may be positioned within one of the airways of the branched luminal
networks adjacent to or within the area of interest to provide access for one or more tools.

[0005] Once the navigation catheter is in position, fluoroscopy may be used to visualize
biopsy tools, such as, for example, brushes, needles and forceps, as well as treatment tools such

as an ablation catheter, as they are passed through the navigation catheter and into the lung and
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to the area of interest. Although medical instruments like catheters, biopsy tools, etc., are clearly
visible on a fluoroscopic picture, organic features such as soft tissue, blood vessels, suspicious
tumor lesions etc., are quite transparent and hard to identify with conventional fluoroscopy.
Additionally, fluoroscopic images merely provide a flat 2D image, on which it can be somewhat
challenging to assess the depth of the surgical tool relative to a target within an area of interest.
As such, the clinician is not provided all the information that could be desired to visualize the
placement of the surgical device within the patient’s body relative to the areca of interest.
Further, as organic features such as tissue are difficult to identify in fluoroscopic images, the use
of fluoroscopes alone are not ideal for monitoring treatment zones.

[0006] Moreover, using the conventional approach, a clinician is required to perform a
biopsy on a target to determine whether treatment of the target is required (diagnostic phase) and
only after the diagnosis is made, can make a determination as to whether treatment is necessary
(treatment phase). In certain cases, this necessitates multiple navigation procedures and results
in longer durations between testing (diagnosis) and actual treatment if treatment is required.
[0007] Accordingly, a need exists for confirming placement of a surgical tool relative to
a target within a region of interest to test the target and determine whether the target requires
treatment, determine a treatment plan, and monitor the treatment of the target before, during, and

after treatment of the target to confirm that the entire target has been properly treated.
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SUMMARY

[0008] As can be appreciated, a microwave ablation catheter that is positionable through
one or more branched luminal networks of a patient to treat tissue may prove useful in the
surgical arena.

[0009] Aspects of the present disclosure are described in detail with reference to the
figures wherein like reference numerals identify similar or identical elements. 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.

[0010] According to one aspect of the present disclosure, a system for monitoring a
surgical procedure is provided. The system includes a catheter guidance assembly including an
extended working channel navigable to a target, a surgical device positionable through the
extended working channel to access the target, at least one sensor disposed on either the
extended working channel or the surgical device. The at least one sensor is configured to sense a
characteristic of tissue proximate either or both of the extended working channel or the surgical
device. The system further includes a computing device operably coupled to the sensor. The
computing device is configured to receive the characteristic from the sensor and determine
whether the tissue characteristic is indicative of the target or tissue other than the target.

[0011] In an embodiment, the extended working channel includes an ultrasound
transducer configured to generate ultrasound waves and an ultrasound sensor configured to
receive ultrasound waves reflected from tissue. The surgical device may be a microwave
ablation device configured to deliver microwave energy generated by a microwave generator to
the target. The computing device may be configured to display a model of a luminal network

and process the sensed ultrasound waves and integrate the sensed ultrasound waves with the
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model of the luminal network. The computing device may also be configured to identify tissue
density based on the characteristic of the tissue, display a treatment zone, and determine whether
the entire target has been treated or whether additional application of energy is necessary.

[0012] In an embodiment, the sensor is a light receptor configured to sense light reflected
from tissue proximate the surgical device. The computing device may convert the reflected light
into light based data and identify a type or density of tissue, identify the presence of one or more
blood vessels, generate visible images, or integrate the light based data with a model for display.
Additionally, or alternatively, the sensor may be a hydration sensor configured to detect water
levels of tissue proximate the at least one hydration sensor.

[0013] Additionally, or alternatively, the system may further include a radiometer
coupled to the sensor. The radiometer is configured to measure emissions from a thermal field
created when the surgical device delivers microwave energy, the thermal field providing in-situ
quantitative information of a material in the thermal field. The radiometer may be disposed
within a handle of the surgical device, or alternatively, external to the surgical device. The
quantitative information is at least one of thermal conductivity, specific heat, density, or blood
perfusion. The quantitative information is displayed on a display of the computing device.

[0014] In another aspect of the present disclosure, a method for monitoring a surgical
procedure is provided which includes navigating an extended working channel to a target using a
previously planned navigation path, inserting the surgical device into the extended working
channel to access the target, applying a non-therapeutic energy to tissue proximate the surgical
device, sensing a response of the applied non-therapeutic amount of energy via at least one
sensor, determining whether the tissue proximate the surgical device is the target by analyzing

the sensed response, generating a treatment plan when it is determined that the tissue proximate
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the surgical device is the target, applying a therapeutic energy in accordance with the treatment
plan, and monitoring the application of the applied therapeutic energy.

[0015] In embodiments, the surgical device is a microwave ablation device and the
applying a therapeutic energy when it is determined that the tissue proximate the surgical device
is the target includes applying microwave energy. The method may further include displaying a
representation of an ablation zone created by the therapeutic energy on a graphical user interface.
Additionally, or alternatively, the method may further include determining whether the ablation
zone exceeds a threshold value, and applying additional therapeutic energy when it is determined
that the ablation zone does not exceed the threshold value. The method may further include
combining at least a portion of the sensed response with a representation of a lung into a
combined image, and displaying the combined image on a graphical user interface. Additionally,
the method may further include utilizing the sensor signals or feedback to determine an
appropriate ablation dose including a determination of the amount of power to apply and an
amount of time to apply the power.

[0016] In yet another aspect of the present disclosure, a non-transitory computer readable
storage medium is provided. The non-transitory computer readable storage medium includes
instructions that, when executed, cause a computing device to display preplanned navigation plan
enabling navigation of an extended working channel and a surgical device to a target, sense a
response of an applied non-therapeutic amount of energy via a sensor, determine whether the
tissue proximate the surgical device is the target by analyzing the sensed response, enable
application of a therapeutic energy when it is determined that the tissue proximate the surgical

device is the target, and monitor the application of the applied therapeutic energy.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Various aspects and embodiments of the present disclosure are described
hereinbelow with references to the drawings, wherein:

[0018] Fig. 1 is a perspective view of one illustrative embodiment of an electromagnetic
navigation (EMN) system in accordance with the present disclosure;

[0019] Fig. 2 is a perspective view of one illustrative embodiment of a microwave
ablation device and external radiometer usable with the system of Fig. 1 in accordance with the
present disclosure;

[0020] Fig. 3 is a perspective view of one illustrative embodiment of a microwave
ablation device and an internal radiometer usable with the system of Fig. 1 in accordance with
the present disclosure;

[0021] Fig. 4 is a perspective view of one illustrative embodiment of an extended
working channel including an ultrasound transducer usable with the system of Fig. 1 in
accordance with the present disclosure;

[0022] Fig. 5 is a view of an extended working channel and a microwave ablation device
navigated to a region of interest within a bronchial airway of a patient in accordance with the
present disclosure;

[0023] Fig. 6 is a flow chart of a method for adjusting the position of a surgical device
relative to a target in accordance with the instant disclosure; and

[0024] Fig. 7 is a flow chart of a method for monitoring an ablation zone in accordance

with the present disclosure.

DETAILED DESCRIPTION
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[0025] The present disclosure is generally directed to addressing the diagnosis,
navigational, and location and monitoring confirmatory shortcomings of the previously known
diagnosis, navigation, planning, and confirmation and monitoring methods and devices.
According to one embodiment of the present disclosure, following navigation of a catheter to an
arca of interest, a diagnosis of a target may be performed to determine whether treatment of
target tissue is required. The real time diagnosis of tissue serves the dual function of providing
details as to the type of tissue (such as either healthy tissue or a lesion requiring treatment) and
providing a confirmation of the placement of the surgical device relative to the tissue after a
surgical device is navigated to the target. Additionally, the details of the tissue may be utilized
to develop or determine a treatment plan including the amount of time to apply energy and the
type of energy to apply, or other ablation/trecatment levels or doses. Further, using the
methodologies described below, a user can monitor and confirm treatment of the tissue as the
tissue is being treated and ultimately view the entire zone treated after treatment is initiated.
[0026] Detailed embodiments of the present disclosure are disclosed herein. However,
the disclosed embodiments are merely examples of the disclosure, which may be embodied in
various forms and aspects. 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 teaching one skilled in the art to variously employ the present disclosure in virtually any
appropriately detailed structure.

[0027] Fig. 1 depicts an aspect of an electromagnetic navigation (EMN) system 100
configured for reviewing CT image data to identify one or more targets 14, planning a pathway
to an identified target 14 (planning phase), navigating an extended working channel 12 to the

target 14 (navigation phase), and confirming placement of the extended working channel 12
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within the target 14. One such ENM system is the ELECTROMAGNETIC NAVIGATION
BRONCHOSCOPY® system currently sold by Covidien LP. Following navigation, a surgical
tool, such as a microwave ablation device 60, may be inserted into the extended working channel
12 to ablate the target 14.

[0028] As shown in Fig. 1, extended working channel 12 is part of a catheter guide
assembly 40. In practice, the extended working channel 12 is inserted into bronchoscope 30 for
access to a luminal network of the patient “P.” Specifically, extended working channel (EWC)
12 of catheter guide assembly 40 may be inserted into a working channel of bronchoscope 30 for
navigation through a patient’s luminal network. A locatable guide (LG) 32, including a sensor
44 is inserted into the extended working channel 12 and locked into position such that the sensor
44 extends a desired distance beyond the distal tip of the extended working channel 12. The
position and orientation (6 DOF) of the sensor 44 relative to the reference coordinate system, and
thus the distal end of the extended working channel 12, within an electromagnetic field can be
derived. Catheter guide assemblies 40 are currently marketed and sold by Covidien LP under the
name SUPERDIMENSION® Procedure Kits, or EDGE™ Procedure Kits, and are contemplated
as useable with the present disclosure. For a more detailed description of the catheter guide
assemblies 40, reference is made to commonly-owned U.S. Patent Application Serial No.
13/836,203 filed on March 15, 2013 by Ladtkow et al, and U.S. Patent No. 7,233,820, the entire
contents of both are hereby incorporated by reference.

[0029] System 100 generally includes an operating table 20 configured to support a
patient “P;” a bronchoscope 30 configured for insertion through the patient’s “P’s” mouth into
the patient’s “P’s” airways; monitoring equipment 120 coupled to bronchoscope 30 (e.g., a video

display, for displaying the video images received from the video imaging system of
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bronchoscope 30); a tracking system 50 including a tracking module 52, a plurality of reference
sensors 54, and a transmitter mat 56; and a computing device 125 including software and/or
hardware used to facilitate pathway planning, identification of target tissue, navigation to target
tissue, confirmation of placement of an extended working channel 12, or a suitable device
therethrough, relative to a target 14, and monitoring the application of microwave energy into a
target 14.

[0030] Continuing with reference to Fig. 1, system 100 further includes a microwave
ablation device 60 insertable into the extended working channel 12 to access a target 14. The
microwave ablation device 60 is coupled to a microwave generator 122. In one embodiment, the
microwave ablation device 60 is also coupled to radiometer 160 as will be described in greater
detail below. Although radiometer 160 is illustrated as being a separate component from
microwave ablation device 60, in embodiments, radiometer 160 may be incorporated into
microwave ablation device 60 as a single component of system 100 (as illustrated in Fig. 3).
Microwave generator 122 is configured to supply microwave energy to the microwave ablation
device 60 to ablate a target 14. Further details regarding the microwave ablation device 60 will
be described in greater detail below with reference to Figs. 2 and 3.

[0031] Computing device 125 may be any suitable computing device including a
processor and storage medium, wherein the processor is capable of executing instructions stored
on the storage medium. The computing device 125 may further include a database configured to
store patient data, CT data sets including CT images, navigation plans, and any other such data.
Although not explicitly illustrated, the computing device 125 may include inputs, or may
otherwise be configured to receive, CT data sets and other data described herein. Additionally,

computing device 125 includes a display configured to display graphical user interfaces such as

10
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those described below. Computing device 125 may be connected to one or more networks
through which one or more databases may be accessed.

[0032] With respect to the planning phase, computing device 125 utilizes computed
tomographic (CT) image data for generating and viewing a three-dimensional model of the
patient’s “P’s” airways, enables the identification of a target 14 on the three-dimensional model
(automatically, semi-automatically, or manually), and allows for determining a pathway through
the patient’s “P’s” airways to the target 14. More specifically, the CT scans are processed and
assembled into a three-dimensional CT volume, which is then utilized to generate a three-
dimensional model of the patient’s “P’s” airways. The three-dimensional model may be
displayed on a display associated with computing device 125, or in any other suitable fashion.
Using computing device 125, various views of the three-dimensional model or two-dimensional
images generated from the three-dimensional model are presented. The three-dimensional model
may be manipulated to facilitate identification of target 14 on the three-dimensional model or
two-dimensional images, and selection of a suitable pathway through the patient’s “P’s” airways
to access the target 14 can be made. Once selected, the pathway plan, 3D model, and images
derived therefrom can be saved and exported to a navigation system for use during the
navigation phase(s). One such planning software is the ILOGIC® planning suite currently sold
by Covidien LP.

[0033] With respect to the navigation phase, a six degrees-of-freedom electromagnetic
tracking system 50, e.g., similar to those disclosed in U.S. Patent Nos. 8,467,589, 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 other suitable positioning measuring system, is

utilized for performing registration of the images and the pathway and navigation, although other

11
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configurations are also contemplated. Tracking system 50 includes a tracking module 52, a
plurality of reference sensors 54, and a transmitter mat 56. Tracking system 50 is configured for
use with a locatable guide 32 and particularly sensor 44. As described above, locatable guide 32
and sensor 44 are configured for insertion through an extended working channel 12 into a
patient’s “P’s” airways (either with or without bronchoscope 30) and are selectively lockable
relative to one another via a locking mechanism.

[0034] As shown in Fig. 1, transmitter mat 56 is positioned beneath patient “P.”
Transmitter mat 56 generates an electromagnetic field around at least a portion of the patient “P”
within which the position of a plurality of reference sensors 54 and the sensor element 44 can be
determined with use of a tracking module 52. One or more of reference sensors 54 are attached
to the chest of the patient “P.” The six degrees of freedom coordinates of reference sensors 54
are sent to computing device 125 (which includes the appropriate software) where they are used
to calculate a patient coordinate frame of reference. Registration, as detailed below, is generally
performed to coordinate locations of the three-dimensional model and two-dimensional images
from the planning phase with the patient’s “P’s” airways as observed through the bronchoscope
30, and allow for the navigation phase to be undertaken with precise knowledge of the location
of the sensor 44, even in portions of the airway where the bronchoscope 30 cannot reach.
Further details of such a registration technique and their implementation in luminal navigation
can be found in U.S. Patent Application Pub. No. 2011/0085720, the entire contents of which are
incorporated herein by reference, although other suitable techniques are also contemplated.
[0035] Registration of the patient “P’s” location on the transmitter mat 56 is performed
by moving LG 32 through the airways of the patient “P.” More specifically, data pertaining to

locations of sensor element 44, while locatable guide 32 is moving through the airways, is

12
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recorded using transmitter mat 56, reference sensors 54, and tracking module 52. A shape
resulting from this location data is compared to an interior geometry of passages of the three-
dimensional model generated in the planning phase, and a location correlation between the shape
and the three-dimensional model based on the comparison is determined, e.g., utilizing the
software on computing device 125. In addition, the software identifies non-tissue space (e.g., air
filled cavities) in the three-dimensional model. The software aligns, or registers, an image
representing a location of sensor 44 with a the three-dimensional model and two-dimensional
images generated from the three-dimension model, which are based on the recorded location data
and an assumption that locatable guide 32 remains located in non-tissue space in the patient’s
“P’s” airways. Alternatively, a manual registration technique may be employed by navigating
the bronchoscope 30 with the sensor 44 to pre-specified locations in the lungs of the patient “P”,
and manually correlating the images from the bronchoscope to the model data of the 3D model.
[0036] Following registration of the patient “P” to the image data and pathway plan, a
user interface is displayed in the navigation software which sets for the pathway that the clinician
is to follow to reach the target 14. One such navigation software is the ILOGIC® navigation
suite currently sold by Covidien LP.

[0037] Once extended working channel 12 has been successfully navigated proximate the
target 14, the locatable guide 32 may be unlocked from extended working channel 12 and
removed, leaving extended working channel 12 in place as a guide channel for guiding surgical
instruments including without limitation, optical systems, ultrasound probes, biopsy tools,
ablation tools (i.e., microwave ablation device 60), laser probes, cryogenic probes, sensor probes,

and aspirating needles to the target 14.

13
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[0038] Turning now to Fig. 2, one illustrative embodiment of a microwave ablation
device 60 is shown including at least one microwave antenna 230 which emits microwave
radiation generated by the generator 122 (Fig. 1) and sensors 255. The microwave antenna 230
is configured to be inserted into the target 14 so that the microwave radiation emitted from the
antenna 230 can ablate the target 14 and sense characteristics of surrounding tissue, via sensors
255, as will be described in greater detail below. The microwave ablation device 60 includes a
handle 240 coupled to the microwave antenna 230 to allow a clinician to manipulate the
microwave antenna 230 during a microwave ablation procedure.

[0039] In the embodiment illustrated in Fig. 2, the radiometer 160 is disposed external to
the microwave ablation device 60 as a separate component. Effectively, this isolates the
radiometer 160 from at least some of the noise of the microwave ablation device 60, which may
be desired in some applications. For example, as shown in Fig. 2, the radiometer 160 is disposed
between the microwave ablation device 60 and the controller 150.

[0040] Fig. 3 depicts another aspect of microwave ablation device 60 where the
radiometer 160 is disposed within the handle 240 of the microwave ablation device 60. The
microwave ablation device 60 depicted in Fig. 3 is similar to the microwave ablation device 60
illustrated in Fig. 2, and described above, and therefore will not be described in detail. In certain
applications, in order to obtain accurate temperature measurements, the radiometer 160 is
disposed as close as possible to the radiating portion of the microwave antenna 230 to limit
unwanted noise (e.g., from heating of a coaxial cable employed in most microwave antennas)
from entering the radiometer 160. For example, as shown in Fig. 3, the radiometer 160 and the
coupling circuit 130 are disposed within the handle 240 of the microwave ablation device 60.

The coupling circuit 130 is coupled between a microwave feed transmission line and the antenna

14
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element to provide at least a portion of a microwave signal propagating in the antenna element to
the radiometer 160. The radiometer 160 depicted in Fig. 3 is coupled to the coupling circuit 130
and outputs a voltage signal V, or a digital signal derived from the temperature of the
environment surrounding the microwave antenna 230, e.g., tissue that is being ablated. That is,
the environment having been heated by the microwave antenna 230 emits a noise temperature
signal at a particular frequency, and the temperature of the environment may be derived from the
intensity of that signal. This voltage signal, Vy, or digital signal is provided to the computing
device 125 for processing.

[0041] The microwave ablation device 60 acts as both a transmitter and receiver. The
microwave antenna 230 may be embodied as an inflexible ablation catheter or a flexible ablation
catheter to accommodate a specific surgical procedure, a specific luminal structure, specific
target tissue, a clinician’s preference, etc. For example, in one embodiment, it may prove
advantageous to have an ablation catheter that is very flexible for movement through the
relatively narrow airways of the lungs of a patient. In some cases, it may prove advantageous to
have an ablation catheter that is only slightly flexible, e.g., where the ablation catheter is needed
to pierce or puncture tissue. It should be understood to those of skill in the art that the
microwave antenna 230 may employ other ablation catheter embodiments, either simplified or
more complex in structural detail, without departing from the scope of the instant disclosure.
[0042] The microwave ablation device 60 may be used to sense particular characteristics
of tissue. All materials, such as tissue, emit some sort of radiation and different types of tissue
emit different radiation. For example, healthy tissue emits a different radiation than tumorous
tissue (such as lung lesions). When the material, such as tissue, is heated, the change in

temperature results in an increase in the intensity or frequency of those emissions. These
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emissions are one type of radiation that can be received by the microwave antenna 230 which
can provide indications of quantitative information of the material in question. The quantitative
information may relate to at least thermal conductivity, specific heat, tissue density, and local
perfusion of tissue. The quantitative information may be used to determine the position of the
microwave antenna 230 relative to the target. For example, the quantitative information may be
used to determine if the microwave antenna 230 is positioned proximate healthy lung tissue or if
the microwave antenna is positioned proximate a lung lesion. Such position data of the
microwave antenna 230 may be displayed on a display of computing device 125. Additionally,
such position data of the microwave antenna 230 may be used as a confirmation for the clinician
prior to initiating the application of microwave energy to ablate the target 14. Moreover, the
quantitative information may also be used to monitor the ablation zone before, during, and after
the application of microwave energy to the target 14 to confirm ablation of the entire target 14.
Additionally or alternatively, the sensed signals/quantitative information may also be used to
determine a treatment plan including the amount of time to apply energy and the type of energy
to apply, or other ablation/treatment levels or doses.

[0043] Regarding the quantitative information, the thermal conductivity of biological
tissue is dependent on the particular type of biological tissue and on the composition of the
biological tissue.  Different biological tissues exhibit different and/or unique thermal
conductivity based on factors such as tissue density, vascularization, age, direction and distance
to major blood vessels, etc. Additionally, different biological tissues may exhibit a different
and/or unique thermal conductivity in different directions. Electrical conductivity is not only
determined by tissue type and composition, but also by other externally applied physical and

chemical influences during thermal treatment, such as, for example, temperature inducement and
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saline pretreatment. Knowing such characteristics of tissue allow for the creation of and
quantification of one or more thermal fields in tissue before and following the application of
energy to the tissue.

[0044] Therefore, thermal zones based on these emissions of the tissue prior to and/or
following application of energy may be quantified and displayed on a display screen of
computing device 125, thus allowing a surgeon to create and visualize the thermal environment
surrounding a microwave antenna 230 before, during, and after a surgical procedure. Stated
differently, the thermal environment may be assessed, in real-time, to allow the surgeon to
instantaneously receive feedback, and use that feedback to evaluate different approaches to use
during the surgical procedure. Therefore, application of thermal therapy can be continuously
adjusted or modified or altered based on real-time feedback related to the thermal zones of tissue
that form a thermal environment.

[0045] Moreover, multiple thermal environments may be simultaneously assessed during
a single surgical procedure. In other words, a surgeon may assess a thermal environment of a
plurality of different tissues or organs and compare such thermal environments to determine
appropriate action during the surgical procedure. Therefore, the real-time assessment of a
plurality of thermal environments influences a surgeon’s decision on, for example, how much
energy to apply to each of the plurality of tissues. In other words, a direct relationship is
established between one or more computed thermal environments of tissue and subsequent
energy application to such tissue. Stated differently, thermal characteristics of tissue are used to
create one or more thermal fields that form a thermal environment that is displayed to allow for
real-time, instantaneous, and continuous adjustments to be made to the computed thermal

environments. Such adjustments may relate to, for instance, power adjustments or time-setting
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adjustments. Of course, one skilled in the art may contemplate making any type of variable or
parameter adjustments, continuously and in real-time, to the computed thermal fields.

[0046] With reference to Fig. 2, a coupling circuit 130 couples the microwave ablation
device 60 to radiometer 160. The coupling circuit 130 receives noise temperature signals or at
least a portion of the signals propagating through the microwave cables, and directs the noise
temperature signals to the radiometer 160, including those which are received by the microwave
ablation device 60 from tissue being treated, such as a tumor or lesion. A filter (not shown) may
also be included to isolate the noise temperature signals from the microwave signal generated by
the microwave generator 122, including any reflected power resulting from an imbalance
between the source and the load impedance. The radiometer 160 samples the noise temperature
signals and provides them to a controller 150. The controller 150 converts the microwave noise
temperature signal into a temperature reading by digitally sampling the microwave noise
temperature signal using an analog-to-digital converter (ADC) and scaling the result. The
controller 150 then transmits the data, such as the temperature readings, to the computing device
125 for further processing and display. The computing device 125 may process the data to
Additionally or alternatively, the sensed signals may also be used to develop a treatment plan
including the amount of time to apply energy and the type of energy to apply, or other
ablation/treatment levels or doses.

[0047] The coupling circuit 130 is coupled between a microwave feed transmission line
and the microwave antenna 230 to provide at least a portion of a microwave signal propagating
in the microwave antenna 230 to the radiometer 160. The radiometer 160 is coupled to the
coupling circuit 130. The radiometer may output a voltage signal V or a digital signal derived

from the temperature of the environment surrounding the microwave antenna 230, e.g., tissue
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that is being ablated. That is, the environment having been heated by the microwave antenna
230 emits a noise temperature signal at a particular frequency, and the temperature of the
environment may be derived from the intensity of that signal. This voltage signal, Vy, or digital
signal is provided to the computing device 125 for processing and display.

[0048] Continuing with reference to Fig. 2, as described above, microwave ablation
device 60 may further include one or more sensors 255 disposed along the length of the
microwave antenna 230. Of course, the microwave ablation device 60 of the present disclosure
may include any number of sensors 255 incorporated on any portion of the microwave ablation
device 60. The sensors 255 may be thermocouples connected to the controller 150 to provide
additional temperature data of the microwave antenna 230, cooling channels (not shown) within
the cooling channel, or of specific components, such as a balun or choke formed within the
microwave antenna 230.

[0049] Additionally, or alternatively, sensors 255 may be one more chemical sensors
configured to detect one or more chemicals of tissue prior to, during, or after activation of the
microwave ablation device 60. In this embodiment, the chemical sensor may be in operable
communication with the controller 160 that is configured to detect chemicals associated with the
target tissue, e.g., acids and proteins. The chemicals detected may be correlated to a progression
of thermal ablation growth and stored in one or more data look-up tables (not shown) that is
accessible to the controller 160.

[0050] Additionally, or alternatively, as dielectric properties can be directly correlated
with hydration levels of the tissue, sensors 255 may be one or more hydration sensors configured
to measure the water content of the tissue proximate the microwave antenna 230 to confirm

placement of the microwave ablation catheter 60, develop a treatment plan, and monitor ablation
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progress and/or completion of an ablation procedure. As moisture is driven out of the tissue, the
hydration sensors track the rate of change and communicate such data to the controller 160 to
ultimately inform the clinician of the status of the ablation, notify the clinician when the ablation
of the target 14 is complete, and/or develop a new treatment plan to use.

[0051] Additionally, or alternatively, sensors 255 may be one or more light sensors. In
an aspect of the present disclosure, fluorescence may be used to identify a target with the
spectroscopy using visible light. When a target is identified by the CT or MRI scanning, the
target may be dyed by using either fluorescent or auto fluorescent dye. In the case of fluorescent
dyes, a light source may be used to emit light to a fluorescently dyed lesion, the fluorescent dye
radiates a specific frequency response that can be received or otherwise sensed by the sensors
255 and detected as different from the response of other un-dyed lung tissue. Similarly, but
without the need of a light source, auto fluorescent dyes constantly emit a signal at a specific
frequency, and these emissions can be received and detected by the sensors 255 as well.

[0052] In both cases, the response can be processed and displayed on the display of the
computing device 125, thus permitting visualization of the target without requiring spectroscopic
analysis to confirm placement of the microwave ablation device 60 relative to the target 14,
develop a treatment plan, and to monitor the amount that the target 14 has been ablated or
treated. Specifically, after initiating application of the microwave energy, the fluorescence color
may change along the treatment. In other words, when the treatment begins, the fluorescent
color disappears or changes to a predetermined color in areas that have been impacted by the
ablation zone. Thus, by inspecting the fluorescent color of the target 14, a clinician may
determine whether the treatment of the target 14 is complete, whether a new treatment plan

should be developed, and/or whether additional application of energy is required. Generally,
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when a treatment has been performed, another set of CT or MRI scan needs to be performed to
check the level of treatment. However, since the sensors 255 are capable of detecting or
otherwise sensing the fluorescent color previously applied, the level of treatment may be
monitored as the treatment is being performed and such data may be presented to a user for
viewing.

[0053] It is contemplated that any of the sensors 255 described above may also, or
alternatively, be included on an extended working channel 12 or any other component of the
present disclosure.

[0054] Fig. 4 illustrates an extended working channel 12 including an ultrasound
transducer 401 and at least one sensor 455 located at a distal portion of the extended working
channel 12. One skilled in the art will recognize that the ultrasound transducer 401 and sensor
455 may be a component of microwave ablation device 60, and therefore, will only be described
with respect to extended working channel 12 for brevity. The ultrasound transducer 401
transmits ultrasound waves and sensor 455 receives reflected ultrasound waves. Generally,
ultrasound waves penetrate tissue based on the frequency of the ultrasound waves. For example,
1 megahertz (MHz) ultrasound waves penetrate to a depth of 2 cm to 5 cm and 3 MHz ultrasound
waves penetrate to a depth of 1.5 cm. Thus, ultrasound waves are suitable for imaging bronchial
trees. In an aspect, the ultrasound transducer 401 is a radial ultrasound transducer.

[0055] Generally, ultrasound waves are reflected at a boundary where density changes or
at the interface between tissues. While the ultrasound transducer 401 is navigating the luminal
network of the lung, the ultrasound waves are reflected from the inside wall of a bronchial tree,
from the outside wall of the bronchial tree, and from a diseased portion or cancerous portion

located at the outside wall of the bronchial tree and provide finite details of the lung structure
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and the tissue patency that could not otherwise be revealed using non-invasive imaging means.
[0056] The reflected ultrasound waves sensed by sensors 455 have information such as
amplitude and a delayed time between transmission of the ultrasound waves and reception of the
reflected ultrasound waves. Since the ultrasound waves travels differently and attenuates
amplitudes differently in accordance with the density of tissue, the amplitude and the delayed
time may be used to identify a type of tissue, a density of the tissue, and/or a size of the tissue
(for example, before and after application of energy to the tissue). Since the density of abnormal
tissues (e.g., diseased or cancerous cells) are different from the normal lung tissue, the reflected
ultrasound waves may be used to identify the diseased or cancerous cells from normal cells and
the size and/or thickness of the diseased or cancerous cells.

[0057] The computing device 125 analyzes the reflected ultrasound waves sensed by
sensors 455 and generates visual images which has a higher resolution than that of the 3D model
or the CT scan images. The generated visual images may be augmented by and integrated with
the 3D model of the lung or 2D images such as the CT scan images and displayed on a display of
the computing device 125 for a clinician to view. Additionally or alternatively, the computing
device 125 may utilize the reflected ultrasound waves (or any other sensed signals described
herein) to determine a treatment plan including the amount of time to apply energy and the type
of energy to apply, or other ablation/treatment levels or doses using the sensed signals.

[0058] In embodiments, when a treatment is performed to treat an abnormal tissue
located at the outside wall of a bronchial tree, generally, the size of the abnormal tissue shrinks
and density of the abnormal tissue changes to the density of the normal lung tissue.
Traditionally, when a treatment is performed, another CT scan is performed to obtain another set

of CT images to check the size of the diseased or cancerous cells so that clinicians may
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determine whether the treatment is complete or another one is to be made. Since the sensors 455
are able to check the size and the density of the abnormal tissue, the level of treatment may also
be monitored and the ablation zones assessed during application of treatment, such as microwave
energy, and after completion of treatment without the need for performing another CT scan.
[0059] In embodiments, the ultrasound transducer 401, sensors 455, and the computing
device 125 may monitor the size of the target 14 before, during, and after treatment (application
of microwave energy). When the size of the target 14 is greater than a threshold size, another
treatment may be necessary to complete the treatment. Thus, the treatment continues until the
size of the target 14 is decreased under the threshold size. In this way, visualization using
ultrasound waves may be utilized for monitoring the treatment.

[0060] Fig. 5 depicts the microwave ablation device 60 of either Fig. 2 or Fig. 3
navigated to a region of interest within a bronchial airway of a patient “P” where a target 14 is
located. The area of interest, where the target 14 is located, may include a plurality of thermal
areas or regions or zones 520, 530, 540, 550. Each thermal zone 520, 530, 540, 550 may exhibit
different tissue characteristics. For example, each thermal zone 520, 530, 540, 550 may have a
different temperature or temperature range. One common reason for different thermal zones
within tissue is that the tissue in question is of a different type or has a different composition.
For example, cancerous lesions and tumors, such as target 14, typically have heightened
vasculature as compared to healthy tissue. As a result, lesions and tumors, such as target 14,
typically have a greater water content and blood content than surrounding tissue resulting in
different emissions than healthy tissue. Similarly, bone has a very different emissions signature
than muscle tissue, and these distinctions can be discerned by analyzing the emissions using

radiometer 160. Of course, the tissue characteristics are not limited only to these examples. The
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tissue characteristics may also include, for instance, tissue volume measurements and tissue
density measurements.

[0061] The differences in emissions may be useful in guiding the microwave ablation
device 60 to, for example, place the microwave ablation device 60 within tissue expressing a
particular emission representative of particular tissue characteristics, such as target 14. In
addition, certain types of tissue may be avoided when navigating the microwave ablation device
60 to the target 14, thus avoiding the unintentional or inadvertent ablation of healthy tissue.
Specifically, using the emissions data or any other data sensed by sensors 255 or sensors 455, a
clinician can confirm that the microwave ablation device 60 is positioned in (or proximate) the
target 14, as opposed to neighboring healthy tissue, prior to activating the microwave energy.
Moreover, as described above, using the emissions data in conjunction with the display on
computing device 125, a clinician may visualize and confirm the ablation zone created by the
microwave antenna 230 to monitor the ablation zone and ensure that the entire target 14 is
ablated without damaging neighboring healthy tissue. Even further, the emissions data may also
be used to determine a treatment plan including the amount of time to apply energy and the type
of energy to apply, or other ablation/treatment levels or doses.

[0062] As the microwave antenna 230 approaches a target 14, the emissions are sensed
prior to entry and application of energy. The sensors 255 may continuously gather data, or
alternatively microwave ablation device 60 may generate an interrogating signal to which a
response is received from the tissue, as described in further detail below with reference to Fig. 6.

[0063] Having described the components of system 100, depicted in Figs. 1-4, the
following description of Fig. 6 provides an exemplary workflow of using the components of

system 100 to confirm placement of a surgical device (such as microwave ablation device 60)
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proximate a target 14 and Fig. 7 provides an exemplary workflow of using the components of
system 100 to monitor treatment of the target 14 during and/or after application of microwave
energy. Particularly, Fig. 6 illustrates a method for confirming placement of a microwave
ablation device 60 relative to a target 14, generally described as method 600, and Fig. 7
illustrates a method for monitoring the ablation zone created by the microwave ablation device
60, and is generally described as method 700. Although the methods illustrated and described
herein are illustrated and described as being in a particular order and requiring particular steps,
any of the methods may include some or all of the steps and may be implemented in any order
not specifically described.

[0064] Method 600 begins in 601 where an extended working channel 12 is navigated to
an arca of interest where a target 14 is located. As described above, the extended working
channel 12 is navigated to the target 14 using suitable navigation software. Specifically, a
previously developed navigation plan is imported into computing device 125, or generated by
computing device 125, and the plan is registered with the patient’s “P” location enabling a
clinician to follow the plan within the patient’s “P” bronchial tree (BT) with extended working
channel 12 and locatable guide 32. A clinician follows the plan by advancing the bronchoscope
30, and once the bronchoscope 30 is wedged, advancing the extended working channel 12 of the
catheter guide assembly 40 through the working channel of the bronchoscope 30 to the target 14.
The location of the distal end of the extended working channel 12, where the locatable guide 32
is located, is monitored by the tracking system 50 as it is advanced through the BT. Further
details regarding the navigation are described in U.S. Patent No. 7,233,820, the entire contents of

which are hereby incorporated by reference in its entirety.
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[0065] After navigating the extended working channel 12 proximate the target 14, in 603
the surgical device is inserted into extended working channel 12. When a locatable guide 32 is
used, in 603 the locatable guide 32 is removed from the extended working channel 12 and the
microwave ablation device 60 (or other surgical device) is inserted into the extended working
channel 12 to access the target 14. Once the microwave ablation device 60 is navigated to the
region of interest where the target 14 is located, in 605 the interrogation begins. In particular, in
605 an interrogation is performed where a pre-operative, non-therapeutic, energy or agent is
applied to determine the type of tissue that is proximate the microwave ablation device 60. As
described above, cither or both of the extended working channel 12 or the microwave ablation
device 60 may include sensors, such as sensors 255 (Figs. 2 and 3), and/or an ultrasound
transducer 401 used in conjunction with sensors 455 (Fig. 4). The sensors 255 and/or sensors
455 may be used to sense ultrasound signals, temperature, impedance, water content,
fluorescence, and reflectometry of the of the tissue proximate the microwave ablation device 60.
The sensed signals are used to determine the type of tissue (healthy tissue, lung lesion, target 14,
etc.) that is located in proximity to the microwave ablation device 60.

[0066] In 607, it is determined whether the microwave ablation device 60 is positioned
proximate the target 14, as opposed to being positioned proximate tissue other than the target 14
(such as healthy tissue). If it is determined that the microwave ablation device 60 is not
positioned proximate the target 14 (no in 607), then method 600 proceeds to 608. Alternatively,
if it is determined that the microwave ablation device 60 is positioned proximate the target 14
(yes in 607), then method 600 proceeds to 609. In 608, computing device 125 may prompt the
clinician (via a display or alarm means) that the microwave ablation device 60 is positioned

proximate tissue that is not the target 14, so that the microwave ablation device 60 may be
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repositioned. Step 608 enables a clinician to verify the position of the surgical device (such as
microwave ablation device 60) relative to the target 14 and make adjustments to the position of
the surgical device relative to the target 14 before performing a surgical procedure (i.c.,
activation of microwave energy). After repositioning in 608, method 600 reverts to 605 to repeat
the location confirmation process of 605 and 607, until the microwave ablation device 60 is
positioned proximate the target 14.

[0067] Once the microwave ablation device 60 is positioned proximate the target 14 (yes
in 607), a treatment plan is developed in step 609. The treatment plan considers the size and the
shape of the target 14, identified in the CT image. In addition, the treatment plan considers the
sensed signals from step 605, which were used to identify the type of tissue, to output a treatment
plan including one or more or the amount of time to apply energy and the type of energy to
apply, cyclical frequency of the application of energy and other ablation/treatment levels or
doses in order to achieve the desired ablation/treatment zone.

[0068] In step 610 the operative energy (such as microwave energy) is applied. Once the
operative energy is applied to the target 14 in 610, the ablation/treatment zone is continuously
monitored by system 100 to determine the ablation/treatment zone created in 611. As described
above, in 613, the ablation/treatment zone may be displayed on a display of computing device
125 for a clinician to monitor the amount of the target 14 that has been ablated. One specific
embodiment of step 611 is described in method 700 of Fig. 7 below.

[0069] Following treatment of the target 14 and continuous monitoring, a clinician can
confirm that a suitable ablation zone has been formed around the target 14 and determine
whether additional application of energy is necessary. These steps of treating and monitoring

may be repeated iteratively until a determination is made that the target 14 has been successfully
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ablated. Moreover, the methodology described above using the sensing techniques described
above (radiometry, temperature, impedance, ultrasound, staining, etc.) to both confirm placement
of the microwave ablation device 60 and monitoring of the ablation zone to assist in determining
treatment cessation points may be used in conjunction with imaging modalities (such as
fluoroscopic imaging) to confirm the extent of treatment and determine whether additional
application of energy is necessary.

[0070] Specifically, one embodiment of such a method is illustrated in Fig. 7 and
described generally as method 700. Method 700 begins at 701 where microwave ablation energy
is applied to a target 14 via a microwave ablation device 60. In step 703, the characteristics of
the target tissue are sensed. As described above, the characteristics may include any or a
combination of received ultrasound signals, temperature, impedance, water content, and
reflectometry of the tissue proximate the microwave ablation device 60 sensed via sensors 255 or
sensors 455.

[0071] In step 705, the ablation zone is determined based on the characteristics sensed in
step 703, and the determined ablation zone is displayed. In step 707, a determination is made as
to whether the entire target 14 has been ablated. As described above, a clinician may view the
ablation zone on a display of computing device 125 and make a determination as to whether
further ablation or application of energy is needed. Additionally, or alternatively, computing
device 125 may determine whether the ablation zone exceeds a predetermined threshold value.
If the ablation zone does not exceed the predetermined threshold value (no in 707), then method
700 proceeds to step 708 and reverts to step 701 where additional microwave energy is applied.
Particularly, in step 708, the feedback received from sensors 255 and/or 455 in step 703 are used

to determine an appropriate ablation dose (including but not limited to power levels, or duration
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of application of energy) to utilize in step 701. The determination of the appropriate ablation
dose in step 708 may assist in ensuring that the entire target tissue will be ablated.

[0072] From the foregoing and with reference to the various figure drawings, those
skilled in the art will appreciate that certain modifications can also be made to the present
disclosure without departing from the scope of the same. For example, one or modifications may
be made in the way of device delivery and placement; device cooling and antenna buffering; and
sensor feedback.

[0073] As can be appreciated a surgical device such as a biopsy tool or an energy device,
such as a microwave ablation catheter, that is positionable through one or more branched luminal
networks of a patient to treat tissue may prove useful in the surgical arena and the present
disclosure is directed to such apparatus, systems, and methods. Access to luminal networks may
be percutancous or through natural orifice. In the case of natural orifice, an endobronchial
approach may be particularly useful in the treatment of lung discase. Targets, navigation, access
and treatment may be planned pre-procedurally using a combination of imaging and/or planning
software. In accordance with these aspects of the present disclosure, the planning software may
offer custom guidance using pre-procedure images. Navigation of the luminal network may be
accomplished using image-guidance. These image-guidance systems may be separate or
integrated with the energy device or a separate access tool and may include MRI, CT,
fluoroscopy, ultrasound, electrical impedance tomography, optical, and/or device tracking
systems. Methodologies for locating the access tool include EM, IR, echolocation, optical, and
others. Tracking systems may be integrated to an imaging device, where tracking is done in
virtual space or fused with preoperative or live images. In some cases the treatment target may

be directly accessed from within the lumen, such as for the treatment of the endobronchial wall
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for COPD, Asthma, lung cancer, etc. In other cases, the energy device and/or an additional
access tool may be required to pierce the lumen and extend into other tissues to reach the target,
such as for the treatment of disease within the parenchyma. Final localization and confirmation
of energy device placement may be performed with imaging and/or navigational guidance using
the modalities described below. The energy device has the ability to deliver an energy field for
treatment (including but not limited to electromagnetic fields).

[0074] 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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WHAT IS CLAIMED IS:

1. A system for monitoring a surgical procedure, the system comprising;:

a catheter guidance assembly including an extended working channel navigable to a
target;

a surgical device positionable through the extended working channel to access the target;

at least one sensor disposed on at least one of the extended working channel or the
surgical device, the at least one sensor configured to sense a characteristic of tissue proximate at
least one of the extended working channel or the surgical device; and

a computing device operably coupled to the at least one sensor, the computing device
configured to receive the characteristic and determine whether the tissue characteristic is

indicative of the target.

2. The system according to claim 1, wherein the extended working channel further comprises an
ultrasound transducer and an ultrasound sensor disposed on a distal portion of the extended
working channel, the ultrasound transducer configured to generate ultrasound waves and the

ultrasound sensor configured to receive ultrasound waves reflected from tissue.

3. The system according to claim 1, wherein the surgical device is a microwave ablation device

configured to deliver microwave energy to the target.

4. The system according to claim 1, further comprising a microwave generator configured to

generate microwave energy and deliver the microwave energy to the surgical device.
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5. The system according to claim 2, wherein the computing device is further configured to
display a model of a luminal network, process the sensed ultrasound waves reflected from tissue
and integrate the sensed ultrasound waves reflected from tissue with the model of a luminal

network.

6. The system according to claim 1, wherein the computing device is further configured to

display a treatment zone of the target and determine whether the target has been treated.

7. The system according to claim 1, wherein the computing device is further configured to

identify tissue density based on the characteristic of tissue.

8. The system according to claim 1, wherein the at least one sensor is at least one light receptor
configured to sense light reflected from tissue proximate the surgical device, and the computing
device is configured to convert the reflected light into light based data and identify a type or
density of tissue, identify the presence of one or more blood vessels, generate visible images, or

integrate the light based data with a model for display.

9. The system according to claim 1, further comprising a radiometer operably coupled to the at
least one sensor, the radiometer configured to measure emissions from a thermal field created
when the surgical device delivers microwave energy, the thermal field providing in-situ

quantitative information of a material in the thermal field.
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10. The system according to claim 9, wherein the radiometer is disposed within a handle of the

surgical device.

11. The system according to claim 9, wherein the radiometer is disposed external to a handle of

the surgical device.

12. The system according to claim 9, wherein the quantitative information is at least one of

thermal conductivity, specific heat, density, or blood perfusion.

13. The system according to claim 9, wherein the quantitative information is displayed on a

display of the computing device.

14. The system according to claim 1, wherein the at least one sensor is at least one hydration

sensor configured to detect water levels of tissue proximate the at least one hydration sensor.

15. A method of monitoring a surgical procedure, the method comprising:

navigating an extended working channel to a target using a previously planned navigation

path;
inserting the surgical device into the extended working channel to access the target;
applying a non-therapeutic energy to tissue proximate the surgical device;
sensing a response of the applied non-therapeutic amount of energy via at least one
sensor;
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determining whether the tissue proximate the surgical device is the target by analyzing
the sensed response;

generating a treatment plan when it is determined that the tissue proximate the surgical
device is the target;

applying a therapeutic energy in accordance with the treatment plan; and

monitoring the application of the applied therapeutic energy.

16. The method according to claim 15, wherein the surgical device is a microwave ablation
device and the applying a therapeutic energy when it is determined that the tissue proximate the

surgical device is the target includes applying microwave energy.

17. The method according to claim 15, further comprising;:
displaying a representation of an ablation zone created by the therapeutic energy on a

graphical user interface.

18. The method according to claim 17, further comprising;:
determining whether the ablation zone exceeds a threshold value; and
applying additional therapeutic energy when it is determined that the ablation zone does

not exceed the threshold value.

19. The method according to claim 15, further comprising;:

combining at least a portion of the sensed response with a representation of a lung into a

combined image; and
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displaying the combined image on a graphical user interface.

20. A non-transitory computer readable storage medium including instructions that when
executed by a computing device causes the computing device to:

display preplanned navigation plan enabling navigation of an extended working channel
and a surgical device to a target;

sense a response of an applied non-therapeutic amount of energy via a sensor;

determine whether the tissue proximate the surgical device is the target by analyzing the
sensed response;

enable application of a therapeutic energy when it is determined that the tissue proximate
the surgical device is the target; and

monitor the application of the applied therapeutic energy.

35



WO 2016/033090

CA 02957943 2017-02-10

PCT/US2015/046761

1/6

125

FIG. 1

56/

20—

S——— 000




CA 02957943 2017-02-10

WO 2016/033090 PCT/US2015/046761

2/6
60—~
130
( (20 230
Vo 255
R | _~160
| -150
125

FIG. 2



CA 02957943 2017-02-10

WO 2016/033090 PCT/US2015/046761

3/6
60
IAEREIEN (0 e
160/@ 7:¢$
Vo 255
150 125
FIG. 3
40\
12
455 -
401

FIG. 4



CA 02957943 2017-02-10

WO 2016/033090 PCT/US2015/046761

4/6

IIPII

12
255
230




CA 02957943 2017-02-10

WO 2016/033090 PCT/US2015/046761

o/6

601 ~

re 600
NAVIGATE TO AREA OF INTEREST
WHERE TARGET IS LOCATED

603\ ]

INSERT SURGICAL DEVICE (SUCH AS
MICROWAVE ABLATION DEVICE) INTO
EXTENDED WORKING CHANNEL

605 ~ ]

INTERROGATE- APPLY PRE-OPERATIVE
NON-THERAPEUTIC AGENT/ENERGY TO

A

DETERMINE TISSUE TYPE
608
607 -
ADJUST POSITION OF
SURGICAL SURGICAL DEVICE/
DEVIGE AT MOVE SURGICAL
TAR?GET DEVICE

09, YES

GENERATE TREATMENT PLAN

610\ ]

APPLY OPERATIVE ENERGY TO INITIATE
TREATMENT PROCESS

611 ~ ]
MONITOR ABLATION/TREATMENT ZONE

613\ ]

DISPLAY ABLATION/TREATMENT ZONE
ON DISPLAY

FIG. 6



CA 02957943 2017-02-10

WO 2016/033090 PCT/US2015/046761

6/6
100
701 ~
APPLY MICROWAVE ABLATION P
ENERGY TO TARGET -
703\ ]
SENSE CHARACTERISTICS OF TISSUE
VIA SENSORS/INTERROGATE
705\ ]
DETERMINE ABLATION ZONE BASED
ON CHARACTERISTICS SENSED BY
SENSORS AND DISPLAY ABLATION
ZONE ON DISPLAY
708
707 L
ENTIRE DETERMINE
TARGET APPROPRIATE ABLATION
ABLATED DOSE/GENERATE NEW
? TREATMENT PLAN




32~
40

12

S—— 000

60\‘

GEN

RAD

125




	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - CLAIMS
	Page 35 - CLAIMS
	Page 36 - CLAIMS
	Page 37 - CLAIMS
	Page 38 - CLAIMS
	Page 39 - DRAWINGS
	Page 40 - DRAWINGS
	Page 41 - DRAWINGS
	Page 42 - DRAWINGS
	Page 43 - DRAWINGS
	Page 44 - DRAWINGS
	Page 45 - REPRESENTATIVE_DRAWING

