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Description

BACKGROUND

Technical Field

[0001] The present invention relates to navigation of
surgical tools within a patient’s chest, and more specifi-
cally, to systems for providing proximity awareness to
pleural boundaries of the patient’s lungs and vascular

structures while navigating the patient’s chest.

Description of Related Art

[0002] Early stage diagnosis is one of many important
facets in the battle against lung cancer. The National
Lung Screening Trial has demonstrated that a reduction
in mortality occurs if diagnostic scans, such as computed
tomography (CT) scans, are used for early detection for
those at risk of contracting the disease. While CT scans
increase the possibility that small lesions and nodules in
the lung can be detected, these lesions and nodules still
require biopsy and cytological examination before a di-
agnosis can be rendered and treatment can be under-
taken.

[0003] To perform a biopsy, as well as with many other
treatments, navigation of tools within the lungs to a target
location, such as the point of biopsy or treatment, is nec-
essary. For example, bronchoscopy is a medical proce-
dure used to diagnose and treat various lung diseases
by navigating one or more tools into the airways of the
patient’s lungs. The pleura, or pleural surfaces, form the
outer boundaries of the patient’s lungs and are composed
of two serous membranes: the outer parietal pleura line
the inner wall of the rib cage, and the inner visceral pleura
directly line the surface of the lungs. Injuries, such as
pneumothorax and pneumomediastinum may be attrib-
uted to a tool puncturing, injuring, or violating the visceral
pleural surface. This danger, therefore, would also apply
to any vascular or other critical intra-thoracic structure
that might be injured that are in the area or interposed
between the tools and the target or area of interest. Thus,
to reduce the potential for injury, improvements to sys-
tems and methods of navigating are continually being
sought.

[0004] WO 2008/103383discloses video and audio as-
sisted surgical techniques and methods, including pre-
senting a surgeon with a video compilation that displays
an endoscopic-camera derived image, a reconstructed
view of the surgical field (including fiducial markers in-
dicative of anatomical locations on or in the patient),
and/or a real-time video image of the patient. The real-
time image can be obtained either with the video camera
that is part of the image localized endoscope or with an
image localized video camera without an endoscope, or
both. The use of anatomical atlases related to pre-oper-
ative generated images derived from three-dimensional
reconstructed CT, MRI, X-ray, or fluoroscopy is also dis-
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closed. Images can furthermore be obtained from pre-
operative imaging and spacial shifting of anatomical
structures may be identified by intraoperative imaging
and appropriate correction performed.

[0005] WO 2014/194167 discloses methods and sys-
tems for defining surgical boundaries. One example
method involves receiving data indicating a representa-
tion of a patient; receiving data indicating (i) a surgical
target region within the representation of the patient; and
(i) a surgical entry portal within the representation of the
patient; providing a graphical display of (i) the represen-
tation of the patient, and (ii) a surgical pathway from the
surgical entry portal to the surgical target region; defining
one or more surgical boundaries within the representa-
tion; receiving data indicating a position of a surgical in-
strument with respect to the representation; based on
the received data indicating the position of the surgical
instrument, determining that the surgical instrument is
within a threshold distance from the one or more surgical
boundaries; and providing feedback indicating that the
surgical instrument is within the predetermined threshold
distance from the one or more surgical boundaries.
[0006] WO 2015/044901 discloses systems and meth-
ods forimage guidance including animaging system con-
figured to generate images. The imaging systemincludes
a display to permit user selection of areas of interest in
theimages. One or more objects are visible in the images.
A computation engine is configured to combine coordi-
nate systems of the imaging system, the areas of interest,
and the one or more objects to provide measurement
and/or location information. A bidirectional communica-
tion channel is configured to couple the imaging system
and the computation engine to permit transmission of the
images and the areas of interest to the computation en-
gine and transmission of the measurement and/or loca-
tion information to the imaging system.

[0007] US 2009/227861 discloses a system and meth-
od for navigating a medical instrument in a branched
structure of a body using a tracking system for collecting
positional information for the medical instrument, and da-
ta, which defines a geometrical model of the branched
structure - in particular, coordinates for predetermined
points defining a pathway extending along branches of
the model. Such coordinates are identified for each Eu-
clidean distance of the instrument from an anchor point
of a coordinate system for the tracking system that cor-
responds to a Euclidean distance of a designated point,
of the predetermined points, from a reference point of a
coordinate system for the model. The anchor point of the
tracking coordinate system has been established to cor-
respond to the reference point of the model coordinate
system. The two coordinate systems are registered to
one another via a mathematical transformation using the
identified coordinates of the instrument and the corre-
sponding coordinates of each designated point.

[0008] EP 2666432 A1 discloses an ablation planning
and navigation system. The planning system includes a
memory configured to store a plurality of images and a
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controller configured to render the plurality of images in
three dimensions, automatically segment the plurality of
images to demarcate a target area, and automatically
determine a treatment plan based on the target area.

SUMMARY

[0009] The invention relates to a system as defined in
the appended claims.

[0010] Provided herein is a method for providing prox-
imity awareness to an anatomical feature while navigat-
ing inside a patient’s chest. This method does not form
part of the present invention. The method includes re-
ceiving image data of the patient’s chest, generating a
three-dimensional (3D) model of the patient's chest
based on the received image data, determining alocation
of the anatomical feature based on the received image
data and the generated 3D model, tracking a position of
an electromagnetic sensor included in a tool, iteratively
determining a position of the tool inside the patient’s chest
based on the tracked position of the electromagnetic sen-
sor, and indicating a proximity of the tool relative to the
anatomical feature, based on the determined position of
the tool inside the patient’s chest.

[0011] The method further includes determining
whether the tool is within a predetermined distance from
the anatomical feature, and providing a proximity alert,
in response to a determination that the tool is within the
predetermined distance from the anatomical feature.
[0012] The method furtherincludes receiving data cor-
responding to movement of the patient’s chest based on
the patient’s respiratory cycle, and wherein determining
whether the tool is within the predetermined distance
from the anatomical feature includes determining wheth-
er the tool is within the predetermined distance from the
anatomical feature based on the data regarding move-
ment of the patient’s chest.

[0013] The method further includes receiving data cor-
responding to movement of the patient’s chest based on
the patient’s respiratory cycle, and wherein determining
the location of the anatomical feature includes determin-
ing the location of the anatomical feature based on the
data corresponding to the movement of the patient’s
chest.

[0014] The anatomical feature is a pleural surface of
the patient’s lungs.

[0015] The anatomical feature is a vascular structure.
[0016] The method further includes receiving addition-
alimage data of the patient’s chest, and updating the 3D
model based on the additional image data.

[0017] Indicating the proximity of the tool relative to the
anatomical feature includes displaying a distance be-
tween the tool and the anatomical feature, and a direction
of the tool relative to the anatomical feature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Various aspects and features of the presentdis-
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closure are described hereinbelow with references to the
drawings, wherein:

FIG. 1 is a system diagram of an electromagnetic
navigation (EMN) system, which may be used to pro-
vide proximity awareness to pleural boundaries and
vascular structures, according to an embodiment of
the present invention;

FIG. 2 is a schematic diagram of a computing device
forming part of the EMN system of FIG. 1, which may
be used to provide proximity awareness to pleural
boundaries and vascular structures, according to an
embodiment of the present invention;

FIGs. 3A-3C is a flowchart illustrating a method for
providing proximity awareness to pleural boundaries
and vascular structures;

FIG. 4 is an exemplary view of a graphical user in-
terface (GUI) for providing proximity awareness to
critical structures that may be displayed by a com-
puting device forming part of the EMN system of FIG.
1

FIG. 5 is a schematic diagram of a percutaneous
surgical planning and procedure system, according
to an embodiment of the present invention; and
FIG. 6 is an exemplary view of a GUI for providing
proximity awareness to critical structures that may
be displayed by a computing device forming part of
the microwave ablation system of FIG. 5.

DETAILED DESCRIPTION

[0019] Methods, systems, and computer-readable me-
dia for providing proximity awareness to intra-thoracic
structures, pleural boundaries, and vascular structures
during tool navigation inside a patient’s chest are provid-
ed in accordance with the present disclosure.

[0020] The methods, systems, and computer-readable
media described herein are useful in various planning
and/or navigation contexts for procedures performed on
the patient’s chest. For example, if a clinician is perform-
ing a bronchoscopy, the methods and systems may alert
the clinician as to the proximity of the tools relative to the
patient’s pleural surfaces. Additionally, as will be de-
scribed in further detail below, in configurations of the
system in which a location sensor is incorporated into a
tool and/or catheters to track the location and assist in
navigation of the tools, the tracked location of the location
sensor may be used to visually show the location of the
tools on a three-dimensional (3D) model of the patient’s
chest and the proximity of the tools relative to the target
location. Moreover, by providing the location of the loca-
tion sensor within the body of a patient with reference to
the 3D model and/or two-dimensional (2D) images along
with a planned pathway, the clinician may be able to nav-
igate about the lungs of the patient with improved prox-
imity awareness to such pleural boundaries and vascular
structures to thereby permit the clinician to exercise ad-
ditional caution during a procedure. These and other as-
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pects of the present disclosure are detailed herein below.
[0021] Methods for proximity awareness to pleural
boundaries and vascular structures may be implemented
via an electromagnetic navigation (EMN) system. Gen-
erally, the EMN system may be used in planning a path-
way the target location, navigating a positioning assem-
bly to the target location, and navigating a variety of tools,
such as a locatable guide (LG) and/or a treatment tool,
such as a biopsy tool or an ablation tool, to the target
location. The EMN system may be configured to display
various views of the patient’s body, and of the aforemen-
tioned 3D model.

[0022] WithreferencetoFIG.1,anendobronchial EMN
system 10 suitable for implementing methods for prox-
imity awareness to pleural boundaries and vascular
structures is provided in accordance with the present dis-
closure. One such EMN system 10 is the ELECTRO-
MAGNETIC NAVIGATION BRONCHOSCOPY® system
currently sold by Covidien LP. As shown in FIG. 1, EMN
system 10 is used to perform one or more procedures
on a patient supported on an operating table 40. In this
regard, EMN system 10 generally includes a broncho-
scope 50, monitoring equipment 60, an electromagnetic
(EM) tracking system 70, and a computing device 80.
[0023] Bronchoscope 50 is configured for insertion
through the patient’s mouth and/or nose into the patient’s
airways. As illustrated in FIG. 1, the patientis shown lying
on operating table 40 with bronchoscope 50 inserted
through the patient’'s mouth and into the patient’s air-
ways. Bronchoscope 50 includes a source of illumination
and a video imaging system (not explicitly shown) and is
coupled to monitoring equipment 60, forexample, a video
display, for displaying the video images received from
the video imaging system of bronchoscope 50.

[0024] In an embodiment, bronchoscope 50 may op-
erate in conjunction with a catheter guide assembly, two
types of which are depicted in FIG. 1 (for example, cath-
eter guide assemblies 90, 100). Catheter guide assem-
blies 90, 100 including a locatable guide (LG) 92 and an
extended working channel (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). Although configured differently, cath-
eter guide assemblies 90, 100 share a number of com-
mon components. Specifically each catheter guide as-
sembly 90, 100 includes a handle 91, which is connected
to the extended working channel 96. In each assembly
90, 100, EWC 96 is sized for placement into the working
channel of bronchoscope 50. In the operation of each
assembly 90, 100, the locatable 92, including an EM sen-
sor 94, is inserted into EWC 96 and locked into position
such that EM sensor 94 extends a desired distance be-
yond the distal tip 93 of EWC 96. The location of EM
sensor 94, and thus the distal end of EWC 96, within an
EM field generated by EM field generator 76 can be de-
rived by tracking module 72, and computing device 80.
Catheter guide assemblies 90, 100 may have different
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operating mechanisms, but each includes handle 91 that
can be manipulated by rotation and compression to steer
distal tip 93 of LG 92 and EWC 96.

[0025] Catheter guide assembly 90 is currently mar-
keted and sold by Covidien LP under the name SUPER-
DIMENSION® Procedure Kits. Catheter guide assembly
100 is currently sold by Covidien LP under the name
EDGE™ Procedure Kits. Both kits include handle 91,
EWC 96, and LG 92. For a more detailed description of
catheter guide assemblies 90, 100, reference is made to
commonly-owned U.S. Patent No. 9,247,992, entitled
"MICROWAVE ABLATION CATHETER AND METHOD
OF UTILIZING THE SAME", filed on March 15, 2013 by
Ladtkow et al..

[0026] LG 92 and EWC 96 are selectively lockable rel-
ative to one another via a locking mechanism 99. A six
degrees-of-freedom EM tracking system 70, e.g., similar
to those disclosed in U.S. Patent No. 6,188,355 and pub-
lished PCT Application Nos. WO 00/10456 and WO
01/67035, entitled "WIRELESS SIX-DEGREE-OF-
FREEDOM LOCATOR", filed on December 14, 1998 by
Gilboa, or any other suitable positioning measuring sys-
tem, is utilized for performing navigation, although other
configurations are also contemplated.

[0027] EM tracking system 70 may be configured for
use with catheter guide assemblies 90, 100 to track the
position of EM sensor 94 as it moves in conjunction with
EWC 96 through the airways of the patient, as detailed
below. EM tracking system 70 includes an EM field gen-
erator 76. In an embodiment, EM tracking system 70 in-
cludes a tracking module 72 and a plurality of reference
sensors 74. As shown in FIG. 1, EM field generator 76
is positioned beneath the patient. EM field generator 76
and the plurality of reference sensors 74 are intercon-
nected with tracking module 72, which derives the loca-
tion of each reference sensor 74 in the six degrees of
freedom. One or more of reference sensors 74 are at-
tached to the chest of the patient. The six degrees of
freedom coordinates of reference sensors 74 are sent
as data to computing device 80, which includes applica-
tion 81, where the data from sensors 74 are used to cal-
culate a patient coordinate frame of reference.

[0028] Although EM sensor 94 is described above as
being included in LG 92 it is also envisioned that EM
sensor 94 may be embedded or incorporated within a
biopsy tool 102 where biopsy tool 102 may alternatively
be utilized for navigation without need of LG 92 or the
necessary tool exchanges that use of LG 92 requires.
Similarly, it is envisioned that EM sensor 94 may be em-
bedded or incorporated within a microwave ablation tool
104, where microwave ablation tool 104 may alternatively
be utilized for navigation without the need of LG 92 or
the necessary tool exchanges that use of LG 92 requires.
[0029] According to an embodiment, biopsy tool 102
is configured to be insertable into catheter guide assem-
blies 90, 100 following navigation to a target location and
removal of LG 92. Biopsy tool 102 may be used to collect
one or more tissue samples from the target location, and
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in an embodiment, is further configured for use in con-
junction with tracking system 70 to facilitate navigation
of biopsy tool 102 to the target location, and tracking of
a location of biopsy tool 102 as it is manipulated relative
to the target location to obtain the tissue sample. Simi-
larly, microwave ablation tool 104 is configured to be in-
sertable into catheter guide assemblies 90, 100 following
navigation to a target location and removal of LG 92.
Microwave ablation tool 104 is configured to be operated
with a microwave generator 106, and may include any
of a variety of microwave ablation tools and/or catheters,
examples of which are more fully describedin U.S. Patent
Nos. 9,259,269; 9,247,993; and 9,044,254; and U.S. Pat-
ent Application Publication Nos. 2014/0046176 and
2014/0046211, all entitted "MICROWAVE ABLATION
CATHETER AND METHOD OF USING THE SAME",
filed on March 15,2013, by Ladtkow et al.. Though shown
as a biopsy tool and microwave ablation tool in FIG. 1,
those of skill in the art will recognize that other tools in-
cluding for example RF ablation tools, brachytherapy
tools, and others may be similarly deployed and tracked.
[0030] For example, a variety of useable biopsy tools
are described in U.S. Patent Publication No.
2015/0141809, entitled "DEVICES, SYSTEMS, AND
METHODS FOR NAVIGATING A BIOPSY TOOL TO A
TARGET LOCATIONAND OBTAINING ATISSUE SAM-
PLE USING THE SAME", filed September 17, 2014, by
Costello et al., and U.S. Patent Publication No.
2015/0265257, entitled "DEVICES, SYSTEMS, AND
METHODS FOR NAVIGATING A BIOPSY TOOL TO A
TARGET LOCATIONAND OBTAINING ATISSUE SAM-
PLE USING THE SAME", filed December 9, 2014, by
Costello et al., each of which is useable with the EMN
system 10 as described herein.

[0031] Computing device 80 includes software and/or
hardware, such as an EMN application 81, used to facil-
itate the various phases of an EMN procedure, including
generating the 3D model, identification of a target loca-
tion, planning a pathway to the target location, registra-
tion of the 3D model with the patient’s actual airways,
and navigation to the targetlocation. For example, during
procedure planning, computing device 80 utilizes com-
puted tomographic (CT) scan, magnetic resonance im-
aging (MRI) scan, X-ray scan, cone beam computed to-
mography (CBCT) scan, and/or positron emission tom-
ography (PET) scan image data for generating and view-
ing the 3D model of the patient’s airways, enables the
identification of a target location on the 3D model (auto-
matically, semi-automatically or manually), and allows
for the determination and selection of a pathway through
the patient’s airways to the target location. While the CT
scan image data may have gaps, omissions, and/or other
imperfections included in the image data, the 3D model
is a smooth representation of the patient’s airways, with
any such gaps, omissions, and/or imperfections in the
CT scan image data filled in or corrected. The 3D model
may be presented on a display monitor associated with
computing device 80, or in any other suitable fashion. An
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example of the planning software described herein can
be found in U.S. Patent Publication Nos. 2014/0281961,
2014/0270441, and 2014/0282216, filed by Baker et al.
on March 15,2013, and entitled "PATHWAY PLANNING
SYSTEM AND METHOD". Further examples of the plan-
ning software can be found in commonly assigned U.S.
Patent Publication No.2016/0000302, entitled "SYSTEM
AND METHOD FOR NAVIGATING WITHIN THE
LUNG", filed on June 29, 2015, by Brown et al..

[0032] Using computing device 80, various views of
the 3D model may be presented and may be manipulated
by a clinician to facilitate identification of a target location
and selection of a suitable pathway through the patient’s
airways to access the target location. The 3D model may
include, among other things, a model airway tree corre-
sponding to the actual airways of the patient’s lungs, and
showing the various passages, branches, and bifurca-
tions of the patient’s actual airway tree. Additionally, the
3D model may include lesions, markers, blood vessels
and vascular structures, lymphatic vessels and struc-
tures, organs, other physiological structures, and/ora 3D
rendering ofthe pleura. Some or all ofthe aforementioned
elements may be selectively displayed, such that the cli-
nician may choose which elements should be displayed
during when viewing the 3D model. For example, EMN
application 81 may be configured in various states to dis-
play the 3D model in a variety of view modes. For each
view of the 3D model, the angle from which the 3D model
is displayed may correspond to a view point. The view
point may be fixed at a predefined location and/or orien-
tation, or may be adjusted by the clinician operating com-
puting device 80.

[0033] Following pathway planning, a procedure may
be undertaken in which EM sensor 94, in conjunction with
tracking system 70, enables tracking of EM sensor 94
(and thus the distal end of EWC 96 or tool 102) as EM
sensor 94 is advanced through the patient’s airways fol-
lowing the pathway planned during the pathway planning
phase. As an initial step of the procedure, the 3D model
is registered with the patient’s actual airways. One po-
tential method of registration involves navigating a locat-
able guide into each lobe of the patient’s lungs to at least
the second bifurcation of the airways of that lobe. The
position of the locatable guide is tracked during this reg-
istration phase, and the 3D model is iteratively updated
based on the tracked position of the locatable guide within
the actual airways of the patient’s lungs. This registration
process is described in commonly-owned U.S. Patent
Application Publication No. 2011/0085720, entitled "AU-
TOMATIC REGISTRATION TECHNIQUE," filed on May
14, 2010, by Barak et al., and U.S. Patent Publication
No. 2016/0000356, entitled "REAL-TIME AUTOMATIC
REGISTRATION FEEDBACK", filed on July 2, 2015, by
Brown et al.. While the registration process focuses on
aligning the patient’s actual airways with the airways of
the 3D model, registration also ensures that the position
of vascular structures and the pleura are accurately de-
termined.
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[0034] Turning now to FIG. 2, computing device 80 in-
cludes a memory 202, a processor 204 and may include
a display 206, a network interface 208, an input device
210, and/or an output module 212. Memory 202 may
store application 81 and/or image data 214. Application
81 may, when executed by processor 204, cause display
206 to present user interface 216. Application 81 may
also provide the interface between the sensed position
of EM sensor 94 and the image and planning data de-
veloped in the pathway planning phase.

[0035] Referring now to FIGs. 3A-3C, an exemplary
computer-implemented method 300 is provided for pro-
viding proximity awareness to pleural boundaries and
vascular structures. Method 300 may be implemented,
at least in part, by processor 204 executing application
81 stored in memory 202. Additionally, the particular se-
quence of steps shown in the method 300 of FIGs. 3A-
3C is provided by way of example and not limitation.
Thus, the steps of the method 300 may be executed in
sequences other than the sequence shown in FIGs. 3A-
3C without departing from the scope of the present dis-
closure. Further, some steps shown in the method 300
of FIGs. 3A-3C may be concurrently executed with re-
spect to one another instead of sequentially executed
with respect to one another. Method 300 may be imple-
mented using a variety of different tools, systems, and
surgical approaches. For example, method 300 may be
implemented using an endobronchial navigation system,
such as EMN system 10 of FIG. 1 (described above).
Alternatively, method 300 may be implemented using a
percutaneous surgical system, such as system 500 of
FIG. 5 (described below).

[0036] Method 300 generally includes a planning
phase, shown in FIG. 3A, followed by a navigation phase,
shown in FIGs. 3B and 3C. The planning phase of method
300 may begin at step S302, where computing device
80 receives image data of the patient’s chest, including
the patient’s lungs. As noted above, the images may be
received from various imaging devices using various im-
aging modalities, including a CT scan, MRI scan, PET
scan, X-ray scan, CBCT scan, and/or any other applica-
ble imaging modality known to those skilled in the art.
Forillustrative purposes, this description willuse CT scan
data as the image data.

[0037] Atstep S304, a 3D model of the patient’s chest
is generated. The 3D model may be based on the image
data received during step S302, image data previously
stored on computing device 80, and/or previously gen-
erated 3D models of the patient. The 3D model may
show, among other things, the patient’s lung parenchy-
ma, such as the airways, as well as other structures such
as blood vessels and lymphatic structures, among oth-
ers.

[0038] Thereafter, at step S306, a location of anatom-
ical features, such as the pleura of the patient’s lungs as
well as vascular structures and/or other physiological el-
ements is determined, as described above. Multiple an-
atomical features may be identified. A determination of
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the location of the pleura and vascular structures may be
based on the image data received during step S302,
and/or the 3D model generated during step S304. For
example, one or more image processing algorithms may
be employed to detect anatomical features, such as the
pleura, the esophagus, the diaphragm, the heart, and/or
vascular structures. A region growing algorithm similar
to that used during generation of the 3D model may ad-
ditionally or alternatively be used. In addition, data re-
garding the movement of the patient’s airways during the
patient’s respiratory cycle may be used to compensate
for differences in the detected locations of the pleural
surfaces and vascular structures. Systems, devices, and
methods for detecting movement of the patient’s airways
during the patient’s respiratory cycle are further de-
scribed in commonly-owned co-pending U.S. Patent Ap-
plication Publication No. 2009/0156951, entitled "PA-
TIENT BREATHING MODELING?", filed on July 9, 2008,
by Dorian Averbuch, and commonly-owned U.S. Patent
No. 7,233,820, entitled "ENDOSCOPE STRUCTURES
AND TECHNIQUES FOR NAVIGATING TO A TARGET
IN BRANCHED STRUCTURE?", filed on April 16, 2003,
by Pinhas Gilboa.

[0039] At step S308, a target location is identified in
the 3D model of the patient’s airways. The target location
may be the site where primary treatment will be per-
formed. For example, the target location may be the site
where a tumor or lesion is located. Alternatively, the tar-
get location may be a previous treatment site that re-
quires additional treatment. The target location may be
manually selected by a clinician, and/or may be automat-
ically determined by computing device 80 and/or appli-
cation 81 and reviewed by the clinician.

[0040] Depending on the type of procedure being per-
formed, additional planning steps may be performed. For
example, in a microwave ablation treatment procedure,
the optional steps shown in box 350 of FIG. 3A may be
performed. Thus, if the procedure being performed is a
microwave ablation treatment procedure, the method
proceeds to step S310 after step S308 is completed.
However, if the procedure being performed is not a mi-
crowave ablation treatment procedure, the method pro-
ceeds directly to step S318, skipping steps S310-S316.
[0041] Atstep S310, ablation settings may be received
by application 81. The ablation settings may include a
power, temperature, and duration of the ablation. The
ablation settings may be entered manually by the clini-
cian, and/or may be automatically determined by com-
puting device 80 and/or application 81 and reviewed by
the clinician. Then, at step S312, application 81 may de-
termine a projected ablation zone based on target loca-
tion and the ablation settings. The projected ablation
zone may be a spherically shaped area centered on a
point at the target location to which microwave ablation
tool 104 may be navigated.

[0042] Next, at step S314, itis determined whether the
projected ablation zone encroaches on the locations of
the anatomical features, e.g., the pleura and vascular
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structures determined at step S306. In addition to actual
encroachment, it may also be determined whether the
projected ablation zone is close enough to the locations
of the pleura and vascular structures for there to be a risk
of injury. If it is determined that the projected ablation
zone encroaches on the locations of the pleura and vas-
cular structures, an alert may be provided at step S316.
The alert may be in the form of a visual alert displayed
on computing device 80, and/or an audible alert emitted
by computing device 80. Application 81 may further iden-
tify and/or highlight portions of the pleura and/or vascular
structures which may be affected by the proposed abla-
tion zone.

[0043] As indicated in FIG. 3A, the planning phase of
the surgical procedure (e.g., steps S302-S316) are exe-
cuted at least once prior to the start of the navigation
phase, in an embodiment. In another embodiment, the
steps S302-S316 may be repeated during the navigation
phase of the surgical procedure. Numerous other steps
may performed during the planning phase, omitted here
for purposes of brevity, but described in U.S. Patent Pub-
lication Nos. 2014/0281961, 2014/0270441, and
2014/0282216, filed by Baker et al., described above.
[0044] After completion of the planning phase of the
surgical procedure, the clinician may initiate the naviga-
tion phase. An endobronchial EMN procedure is used for
illustrative purposes to describe the various steps that
may be performed. However, as will be appreciated by
those skilled in the art, the same or similar steps may be
performed using a percutaneous surgical system, such
as system 500 of FIG. 5 (described below).

[0045] The navigation phase generally begins with the
insertion of bronchoscope 50, EWC 96, and EM sensor
94 into the patient’s airways. As noted above, EM sensor
94 may be included in LG 92, biopsy tool 102, and/or
microwave ablation tool 104. EM sensor 94 may also be
included in a surgical needle or other thoracoscopic in-
strument or tool. EM sensor 94 may be included in a
surgical tool or implement that is inserted into the pa-
tient’s airways without the use of bronchoscope 50 and/or
EWC 96.

[0046] With reference to FIG. 3B, thereafter, at step
S318 of FIG. 3B, a position of EM sensor 94 inside the
patient’s chest, e.g., the patient’s airways, is detected,
by using, forexample, EM tracking system 70. Step S318
may be iteratively repeated while EM sensor 94 is navi-
gated about the patient’s airways. EM sensor 94 may not
be located inside an airway but rather at some other po-
sition inside the patient’s chest, such as other lung tissue,
or a tumor. Where multiple tools are used concurrently,
EM tracking system 70 may detect and track the positions
of multiple EM sensors 94 at the same time. Similarly,
an EM sensor 94 may be navigated to the target location
to mark the targetlocation, and the marked targetlocation
may then be used as a point of reference and to update
the registration. Further, the position of the targetlocation
within the 3D model may be updated based on, and to
correspond with, the marked target location. For exam-
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ple, after EM sensor 94 is navigated to the targetlocation,
placement of EM sensor 94 at the target location may be
confirmed using one or more imaging modalities, includ-
ing a CT scan, a CBCT scan, an ultrasound scan, and/or
fluoroscopy. After confirming the position of EM sensor
94 at the target location, the position of EM sensor 94
may be marked as the target location in the 3D model.
That is, the previously marked target location in the 3D
model may be updated to correspond with the marked
target location. If desired the registration of the 3D model
to the patient’'s airways may be updated. Regardless,
having now confirmed the position of the target location
and updated the 3D model accordingly, even if EM sensor
94 is moved away from the target location the position
of EM sensor 94 can then be tracked relative to the up-
dated target location in the 3D model. Thereafter, the
view of the 3D model may be changed, such as by re-
centering, based on the updated target location when
EM sensor 94 again approaches the target location in
the patient’s body. After updating the position of the target
location, further tracking of EM sensor 94 may be per-
formed based on the marked position of the target loca-
tion. For example, after the targetlocation is marked, EM
sensor 94 may then be tracked purely based on EM sen-
sor 94’s position in 3D space relative to the marked target
location, as tracked by EM tracking system 70. That is,
EM sensor 94 may be navigated to the target location,
and placement of EM sensor 94 at the target location
may be confirmed, by only using EM tracking system 70.
Likewise, treatmentprocedures atthe targetlocation may
be performed by only using EM tracking system 70 and
the relevant treatment tool.

[0047] Atstep S320, a determination is made whether
additional image data has been received. For example,
during the navigation phase, computing device 80 may
receive additional image data of the patient’s lungs, for
example, froma CBCT scan and/or ultrasound scan per-
formed concurrently with, or at intervals during the nav-
igation phase of the EMN procedure. Additionally or al-
ternatively, data may be collected during the navigation
phase, such as data relating to the position of EM sensor
94. If additional image data has been received, process-
ing proceeds to step S322 where the 3D model is updated
according to the additional data and then to step S324.
If not, processing proceeds to step S324.

[0048] At step S324, a distance between the position
of EM sensor 94 (detected at step S318) and the location
of the anatomical features, e.g., the pleura and vascular
structures (determined at step S306) is determined. Like-
wise, a direction between the position of EM sensor 94
and the location of the pleura and vascular structures is
determined. This process may be repeated for each EM
sensor 94 tracked by EM tracking system 70 and each
anatomical feature for which a location is determined at
step S306. For example, the distance and direction be-
tween multiple EM sensors 94 may be determined. Sim-
ilarly, the distance and direction between EM sensor 94
and multiple anatomical features may be determined.
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Where EM sensor 94 is being navigated towards the an-
atomical feature, such as the pleura, a distance and di-
rection to the pleura may be determined. In another em-
bodiment where EM sensor 94 is being navigated away
from the anatomical feature, such as the pleura, the dis-
tance and direction from the pleura may be determined.
Where EM sensor 94 is between the visceral and parietal
pleura, the distance and direction to one pleural surface,
such as the visceral pleura, and the distance and direc-
tion from another pleural surface, such as the parietal
pleura, may be determined.

[0049] Thereafter, at step S326, an indication of the
proximity of EM sensor 94 to the location of the anatom-
ical features, e.g., the pleura and vascular structures, is
displayed. For example, a graphical user interface (GUI),
an example of which is shown in FIG. 4 (described be-
low), may be displayed by display 206 of computing de-
vice 80. Alternatively, where a percutaneous surgical
system, such as system 500 of FIG. 5 (described below)
is used, a GUI such as shownin FIG. 6 (described below)
may be displayed. The indication may be provided as the
distance from the closest pleural surface or vascular
structure, and/or may include a direction indicator to the
closest pleural surface or vascular structure, based on
the determination at step S324. For example, the display
may include an arrow pointing in the direction of the clos-
est pleural surface or vascular structure, and have a dis-
tance metric, such as the distance in millimeters, to the
closest pleural surface or vascular structure. The indica-
tion of the proximity of EM sensor 94 to the location of
the pleura or vascular structure, including the distance
and direction to the closest pleural surface and/or vas-
cular structure may be iteratively updated as EM sensor
94 is moved and new distances and directions are de-
termined. Similarly, a count-down indicator may be dis-
played, representing the distance between EM sensor
94 and the closest pleural surface and/or vascular struc-
ture. Additionally, the indication may be in the form of an
audible or sensory indicator.

[0050] Next, at step S328, itis determined whether the
entire procedure has been completed. For example, ap-
plication 81 may determine, based on user input and/or
based on automatic processing such as by analyzing the
planned procedure settings and the position of the tool,
whether the entire procedure has been completed. If it
is determined that the entire procedure is complete, the
method ends. However, if it is determined that the entire
procedure has notbeen completed, the method proceeds
to step S330.

[0051] Turning now to FIG. 3C, at step S330, a deter-
mination is made as to whether EM sensor 94 is in close
proximity, such as, within a predetermined distance, to
an anatomical feature, e.g., a pleural surface and/or vas-
cular structure. If it is determined that EM sensor 94 is in
close proximity to a pleural surface and/or vascular struc-
ture, a proximity alertis provided at step S332, whereafter
processing returns to step S318. The proximity alert may
be a visual alert displayed by application 81 and/or an
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audible or sensory alert provided by application 81.
[0052] Data regarding the patient’s respiratory cycle
may be used to compensate for the movement of the
patient’s airways during the various phases of the pa-
tient’s respiratory cycle. For example, before, after, or
concurrently with step S330, an optional step S334, may
be performed where a determination may be made that
the patient’s respiratory cycle is in a particular phase,
e.g., a phase different from the phase during which the
image data used to generate the 3D model was collected.
In such case, at step S336, an alert may be presented
to the clinician that the currently displayed location of EM
sensor 94 may be inaccurate, whereafter processing re-
turns to step S318. The notification, which may be a dis-
played or audible message or signal, may also suggest
that the clinician not navigate further for a predetermined
time until the patient’s respiratory cycle is in a different
phase during which the location of EM sensor 94 may be
accurately displayed.

[0053] Similarly, where a microwave ablation tool is
used, before, after, or concurrently with step S330, an
optional step S338 may be performed where application
81 determines whether the actual ablation zone is ap-
proaching the anatomical features, e.g., the pleura and/or
vascular structures, or a predetermined boundary-dis-
tance therefrom. For example, application 81 may, based
on the ablation settings received at step S310 and a start
time of the ablation procedure, determine whether the
area of tissue actually being treated by microwave abla-
tion tool 104 is approaching a predetermined boundary-
distance from the locations of the pleura and/or vascular
structures.

[0054] Ifitis determined that the actual ablation zone
is approaching the predetermined boundary-distance
from the locations of the pleura and/or vascular struc-
tures, an alert may be provided at step S340. The prox-
imity alert may be a visual alert displayed by application
81 and/or an audible or sensory alert provided by appli-
cation 81. However, if it is determined that the actual
ablation zone is not approaching the predetermined
boundary-distance from the locations of the pleura and/or
vascular structures, the method proceeds to step S342
where it is determined whether the ablation phase of the
procedure has been completed. If the ablation phase of
the procedure has not been completed, the method re-
turns to step S330. If the ablation phase of the procedure
is complete, the method proceeds to step S318.

[0055] Similar to the above description of the planning
phase, numerous steps of the navigation phase are omit-
ted here for purposes of brevity, but are described in U.S.
Patent Publication No. 2016/0000302, by Brown et al.,
described above.

[0056] Turning now to FIG. 4, there is shown an exem-
plary GUI 400 for providing proximity awareness to crit-
ical structures, according to an embodiment of the
present disclosure. GUI 400 may include a view of 3D
model 408, showing the location of digital marker 406
representing EM sensor 94 being navigated toward a tar-
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get 415. A trajectory 404 may show the trajectory of EM
sensor 94. Additionally, a proximity indicator 410 (shown
as adashed line) may indicate the direction to the nearest
pleural surface 402, and a measure 412 of the distance
between digital marker 406 and pleural surface 402 may
be provided. As noted above, proximity awareness may
also be provided to structures otherthan the pleura. Thus,
in such embodiments, proximity indicator 410 and meas-
ure 412 may relate to such other structures.

[0057] While the above-provided embodiments are di-
rected to providing proximity awareness to pleural sur-
faces and/or vascular structures, it is envisioned that the
above-described system may be used to provide guid-
ance while navigating to a pleural surface or vascular
structure, for example, to inject a dye or place a marker
subpleurally or proximate the pleural surface or vascular
structure. Additionally, once such dyes or markers are
placed, the system may be updated to provide proximity
awareness to such dyes or markers similar to the above-
described methods of providing proximity awareness to
critical structures.

[0058] While the above-described systems, devices,
and methods are directed to performing an EMN proce-
dure, it will be appreciated by those skilled in the art that
the same or similar devices, systems, and methods may
be used to perform a percutaneous surgical procedure.
For example, in planning a percutaneous surgical proce-
dure, the clinician may take into account the locations of
the pleura and vascular structures when deciding on
which access route to use to a particular treatment loca-
tion. FIG. 5 illustrates an exemplary treatment system
500 that may be used to perform such a percutaneous
surgical procedure.

[0059] System 500 of FIG. 5 includes a computing de-
vice 80, a display 510, a table 520, a treatment tool 530,
and an ultrasound sensor 540 connected to an ultra-
sound workstation 550. Similar to the computing device
described above with reference to FIG. 1, computing de-
vice 80 may be, for example, a laptop computer, desktop
computer, tablet computer, or other similar device. Com-
puting device 80 may be configured to control an elec-
trosurgical generator, a peristaltic pump, a power supply,
and/or any other accessories and peripheral devices re-
lating to, or forming part of, system 500. Display 510 is
configured to outputinstructions, images, and messages
relating to the performance of the treatment procedure.
Table 520 may be, for example, an operating table or
other table suitable for use during a treatment procedure,
which includes an electromagnetic (EM) field generator
521. EM field generator 521 is used to generate an EM
field during the treatment procedure and forms part of an
EM tracking system that is used to track the positions of
surgical instruments within the body of a patient. EM field
generator 521 may include various components, such as
aspecially designed pad to be placed under, or integrated
into, an operating table or patient bed. An example of
such an EM tracking system is the AURORA™ system
sold by Northern Digital Inc. Treatment tool 530 is a sur-
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gical instrument for percutaneously accessing and treat-
ing a target location. Treatment tool 530 is an ablation
probe which may have a microwave ablation antenna
thatis used to ablate tissue. While the present disclosure
describes the use of system 500 in a surgical environ-
ment, it is also envisioned that some or all of the compo-
nents of system 500 may be used in alternative settings,
for example, an imaging laboratory and/or an office set-
ting.

[0060] In addition to the EM tracking system, the sur-
gical instruments may also be visualized by using ultra-
sound imaging. Ultrasound sensor 540, such as an ul-
trasound wand, may be used to image the patient’s body
during the treatment procedure to visualize the location
of the surgical instruments, such as treatment tool 530,
inside the patient’s body. Ultrasound sensor 540 may
have an EM tracking sensor embedded within or attached
to the ultrasound wand, for example, a clip-on sensor or
a sticker sensor. As described further below, ultrasound
sensor 540 may be positioned in relation to treatment
tool 530 such that treatment tool 530 is at an angle to the
ultrasound image plane, thereby enabling the clinician to
visualize the spatial relationship of treatment tool 530
with the ultrasound image plane and with objects being
imaged. Further, the EM tracking system may also track
the location of ultrasound sensor 540. In some embodi-
ments, one or more ultrasound sensors 540 may be
placed inside the body of the patient. EM tracking system
may then track the location of such ultrasound sensors
540 and treatment tool 530 inside the body of the patient.
Ultrasound workstation 550 may be used to configure,
operate, and view images captured by ultrasound sensor
540.

[0061] Various other surgical instruments or surgical
tools, such as LigaSure™ devices, surgical staples, etc.,
may also be used during the performance of a treatment
procedure. The ablation probe is used to ablate a lesion
or tumor (hereinafter referred to as a "target") by using
electromagnetic radiation or microwave energy to heat
tissue in order to denature or kill cancerous cells. The
construction and use of a system including such an ab-
lation probe is more fully described in co-pending US
Patent Publication No. 2016/0058507, entitled MICRO-
WAVE ABLATION SYSTEM, filed on August 26, 2014,
by Dickhans, US Patent No. 9,247,992 by Latkow et al.,
described above, and US Patent No. 9,119,650, entitled
MICROWAVE ENERGY-DELIVERY DEVICE AND
SYSTEM, filed on March 15, 2013, by Brannan et al..
[0062] The location of treatment tool 530 within the
body of the patient may be tracked during the treatment
procedure. An example method of tracking the location
of treatment tool 530 is by using the EM tracking system,
which tracks the location of treatment tool 530 by tracking
sensors attached to orincorporated in treatment tool 530.
Various types of sensors may be used, such as a printed
sensor, the construction and use of which is more fully
described in co-pending US Patent Application No.
14/919,950, filed October 22, 2015, by Greenburg et al..
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A percutaneous treatment system similar to the above-
described system 500 is further described in co-pending
US Patent Application Nos. 15/099,698, 15/099,730,
15,099,772, 15/099,820,and 15,099,665, all filed on April
15, 2016, by Girotto et al..

[0063] FIG. 6 shows an exemplary GUI 600 for provid-
ing proximity awareness to critical structures, according
to an embodiment of the present disclosure. GUI 600
may include multiple views of the 3D model of the pa-
tient’s chest. For example, coronal, sagittal, and/or axial
views may be displayed. Each view may include a rep-
resentation of the patient’s lungs 625. In addition, one or
more of the views of GUI 600 may include a representa-
tion of the target 615 and a projected ablation zone 610.
GUI 600 may further include a distance indicator 620 and
a representation of a surgical tool 605. As noted above,
application 81 may display indicators 612 of a distance
between surgical tool 605 and target 615, and/or a dis-
tance between surgical tool 605 and the closest critical
structure.

[0064] Detailed examples have been provided of de-
vices, systems incorporating such devices, and methods
using the approach described herein, which may be im-
plemented in various forms. Therefore, specific structural
and functional details disclosed herein are not to be in-
terpreted 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 ap-
propriately detailed structure. While the preceding em-
bodiments 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. Additionally, the same or similar methods as
those described herein may be applied to navigating in
other parts of the body, such as the chest areas outside
of the lungs, the abdomen, pelvis, joint space, brain,
spine, etc., to identify critical structures and provide prox-
imity awareness to critical structures in such other parts
of the body.

[0065] With respect to memory 202 described above
in connection with Fig. 2, the memory 202 may include
any non-transitory computer-readable storage media for
storing data and/or software that is executable by proc-
essor 204 and which controls the operation of computing
device 80. In an embodiment, memory 202 may include
one or more solid-state storage devices such as flash
memory chips. Alternatively or in addition to the one or
more solid-state storage devices, memory 202 may in-
clude one or more mass storage devices connected to
the processor 204 through a mass storage controller (not
shown)and a communications bus (notshown). Although
the description of computer-readable media contained
herein refers to a solid-state storage, it should be appre-
ciated by those skilled in the art that computer-readable
storage media can be any available media that can be
accessed by the processor 204. That is, computer read-
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able storage media includes non-transitory, volatile and
non-volatile, removable and non-removable media im-
plemented in any method or technology for storage of
information such as computer-readable instructions, da-
ta structures, program modules or other data. For exam-
ple, 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
computing device 80.

[0066] Network interface 208 may be configured to
connect to a network such as a local area network (LAN)
consisting of a wired network and/or a wireless network,
a wide area network (WAN), a wireless mobile network,
aBluetooth network, and/or the internet. Inputdevice 210
may be any device by means of which a user may interact
with computing device 80, such as, forexample, a mouse,
keyboard, foot pedal, touch screen, and/or voice inter-
face. Output module 212 may include any connectivity
port or bus, such as, for example, parallel ports, serial
ports, universal serial busses (USB), or any other similar
connectivity port known to those skilled in the art.
[0067] Further aspects of image and data generation,
management, and manipulation useable in either the
planning or navigation phases of an EMN procedure are
more fully described in commonly-owned U.S. Patent
Publication No. 2016/0000414, entitled "METHODS
FOR MARKING BIOPSY LOCATION?", filed on June 29,
2015, by Brown.; U.S. Patent Publication No.
2016/0000517, entitled "INTELLIGENT DISPLAY", filed
onJune 29, 2015, by Kehatetal.; U.S. Patent Publication
No. 2016/0005224, entitled "UNIFIED COORDINATE
SYSTEM FOR MULTIPLE CT SCANS OF PATIENT
LUNGS", filed on July 1, 2015, by Greenburg.; U.S. Pat-
ent Publication No. 2016/0000303, entitled "ALIGN-
MENT CT", filed on July 2, 2015, by Klein et al.; U.S.
Patent Publication No. 2016/0005168, entitled "FLUOR-
OSCOPIC POSE ESTIMATION", filed on May 29, 2015,
by Merlet.; U.S. Patent Publication No. 2016/0005193,
entitled "SYSTEM AND METHOD FOR SEGMENTA-
TION OF LUNG", filed on June 30, 2015, by Markov et
al.; and U.S. Patent Publication No. 2016/0000520, en-
titled "SYSTEM AND METHOD OF PROVIDING DIS-
TANCE AND ORIENTATION FEEDBACK WHILE NAV-
IGATING IN 3D", filed on July 2, 2015, by Lachmanovich
etal.

[0068] While several embodiments of the disclosure
have been shown in the drawings, it is not intended that
the disclosure be limited thereto, as itis 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 embodi-
ments.
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Claims

A system for providing proximity awareness to an
anatomical feature while navigating an ablation tool
inside a patient’s chest, the system comprising:

an electromagnetic navigation system (10) in-
cluding:

an electromagnetic field generator (76),
an ablation tool (104) configured to be in-
serted into the patient’s chest, and

an electromagnetic sensor (94) disposed on
the ablation tool; and

a computing device (80) including a processor
(204) and a memory (202) storing instructions
which, when executed by the processor, cause
the computing device to:

receive (S302) image data of the patient’s
chest;

generate (S304) a three-dimensional (3D)
model of the patient’'s chest based on the
received image data;

determine (S306) a location of the anatom-
ical feature based on the received image
data and the generated 3D model;

track a position of the electromagnetic sen-
sor;

iteratively determine (S318) a position ofthe
ablation tool inside the patient's chest
based on the tracked position of the elec-
tromagnetic sensor;

provide instructions to indicate a proximity
of the ablation tool relative to the anatomical
feature, based on the determined position
ofthe ablation tool inside the patient’s chest;

characterised in that the instructions further
cause the computing device to:

determine (S312) an ablation zone (610)
based on ablation settings for the ablation
tool;

determine (S314) whether the ablation zone
is approaching a predetermined distance
from the anatomical feature; and

provide (S316) an alert when a determina-
tion is made that the ablation zone is ap-
proaching the predetermined distance from
the anatomical feature.

2. The system of claim 1, wherein the instructions fur-

ther cause the computing device to:

determine whether the ablation tool is within a
predetermined distance from the anatomical
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feature; and

provide a proximity alert when a determination
is made that the ablation tool is within the pre-
determined distance from the anatomical fea-
ture.

The system of claim 1 or claim 2, wherein the instruc-
tions further cause the computing device to receive
data corresponding to movement of the patient’s
chest based on the patient’s respiratory cycle, and
to determine whether the ablation tool is within the
predetermined distance from the anatomical feature
based on the data regarding movement of the pa-
tient’s chest.

The system of any preceding claim, wherein the in-
structions further cause the computing device to re-
ceive data corresponding to movement of the pa-
tient's chest based on the patient’s respiratory cycle,
and to determine the location of the anatomical fea-
ture based on the data corresponding to the move-
ment of the patient’s chest.

The system of any preceding claim, wherein the an-
atomical feature is one of a pleural surface of the
patient’s lungs and a vascular structure.

The system of any preceding claim, wherein the in-
structions further cause the computing device to:

receive additional image data of the patient’s
chest; and

update (S322) the 3D model based on the ad-
ditional image data.

The system of any preceding claim, wherein the in-
dication of the proximity of the ablation tool relative
to the anatomical feature includes a distance be-
tween the ablation tool and the anatomical feature,
and a direction of the ablation tool relative to the an-
atomical feature.

The system of any preceding claim, wherein the elec-
tromagnetic sensor included in the ablation tool is a
first electromagnetic sensor included in a first tool,
and wherein the instructions further cause the com-
puting device to:

track a position of a second electromagnetic
sensor included in a second tool;

iteratively determine a position of the second
tool inside the patient's chest based on the
tracked position of the second electromagnetic
sensor; and

indicate a proximity of the second tool relative
to the anatomical feature and the first tool, based
on the determined position of the second tool
inside the patient’s chest.
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Patentanspriiche

1.

System zum Bereitstellen einer Wahrnehmung einer
Annaherung zu einem anatomischen Element beim
Navigieren eines Ablationswerkzeugs im Brustkorb
eines Patienten, das System umfassend:

ein elektromagnetisches Navigationssystem (10),
einschlieRfend:

einen Generator (76) fir elektromagnetische
Felder,

ein Ablationswerkzeug (104), das dazu ausge-
staltet ist, in den Brustkorb des Patienten ein-
gefiihrt zu werden, und einen elektromagneti-
schen Sensor (94), der an dem Ablationswerk-
zeug angeordnet ist; und eine Rechenvorrich-
tung (80), einschlieRend einen Prozessor (204)
und einen Speicher (202), der Anweisungen
speichert, die, wenn sie von dem Prozessor aus-
gefiihrt werden, die Rechenvorrichtung zu Fol-
gendem veranlassen:

Empfangen (S302) von Bilddaten des
Brustkorbs des Patienten;

Erzeugen (S304) eines dreidimensionalen
(3D) Modells des Brustkorbs des Patienten
auf der Grundlage der empfangenen Bild-
daten;

Bestimmen (S306) einer Lage des anato-
mischen Elements auf der Grundlage der
empfangenen Bilddaten und dem erzeug-
ten 3D-Modell;

Verfolgen einer Position des elektromagne-
tischen Sensors;

iteratives Bestimmen (S318) einer Position
des Ablationswerkzeugs im Brustkorb des
Patienten auf der Grundlage der verfolgten
Position des elektromagnetischen Sensors;
Bereitstellen von Anweisungen, um eine
Annaherung des Ablationswerkzeugs in
Bezug auf das anatomische Element auf
der Grundlage der bestimmten Position des
Ablationswerkzeugs in dem Brustkorb des
Patienten anzuzeigen;

dadurch gekennzeichnet, dass die Anweisungen
die Rechenvorrichtung ferner zu Folgendem veran-
lassen:

Bestimmen (S312) einer Ablationszone (610)
auf der Grundlage der Ablationseinstellungen
flr das Ablationswerkzeug;

Bestimmen (S314), ob sich die Ablationszone
einem vorbestimmten Abstand von dem anato-
mischen Element nahert; und

Bereitstellen (S316) eines Alarms, wenn be-
stimmt wird, dass sich die Ablationszone dem
vorbestimmten Abstand von dem anatomischen
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Element nahert.

2. System nach Anspruch 1, wobei die Anweisungen

ferner die Rechenvorrichtung zu Folgendem veran-
lassen:

Bestimmen, ob sich das Ablationswerkzeug in-
nerhalb eines vorbestimmten Abstands von
dem anatomischen Element befindet; und
Bereitstellen eines Annaherungsalarms, wenn
festgestellt wird, dass sich das Ablationswerk-
zeug innerhalb des vorgegebenen Abstands
vom anatomischen Element befindet.

System nach Anspruch 1 oder 2, wobei die Anwei-
sungen ferner bewirken, dass die Rechenvorrich-
tung Daten empfangt, die der Bewegung des Brust-
korbs des Patienten auf der Grundlage des Atemzy-
klus des Patienten entsprechen, und auf der Grund-
lage der Daten bezlglich der Bewegung des Brust-
korbs des Patienten bestimmt, ob sich das Ablati-
onswerkzeug innerhalb des vorbestimmten Ab-
stands vom anatomischen Element befindet.

System nach einem der vorhergehenden Anspri-
che, wobei die Anweisungen ferner bewirken, dass
die Rechenvorrichtung Daten empfangt, die der Be-
wegung des Brustkorbes des Patienten auf der
Grundlage des Atemzyklus des Patienten entspre-
chen, und die Lage des anatomischen Elements auf
der Grundlage der Daten bestimmt, die der Bewe-
gung des Brustkorbes des Patienten entsprechen.

System nach einem der vorhergehenden Anspri-
che, wobei das anatomische Element eine Pleurao-
berflache der Lunge des Patienten oder eine
Gefalistruktur ist.

System nach einem der vorhergehenden Anspri-
che, wobei die Anweisungen die Rechenvorrichtung
ferner zu Folgendem veranlassen:

Empfangen von zuséatzlichen Bilddaten des Brust-
korbs des Patienten; und Aktualisieren des 3D-Mo-
dells auf der Grundlage von zusatzlichen Bilddaten
(S322).

System nach einem der vorhergehenden Anspri-
che, wobei die Anzeige der Annaherung des Ablati-
onswerkzeugs relativ zu dem anatomischen Ele-
ment einen Abstand zwischen dem Ablationswerk-
zeug und dem anatomischen Elementund eine Rich-
tung des Ablationswerkzeugs zu dem anatomischen
Element umfasst.

System nach einem der vorhergehenden Anspri-
che, wobei der in dem Ablationswerkzeug enthalte-
ne elektromagnetische Sensor ein in einem ersten
Werkzeug enthaltener erster elektromagnetischer
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Sensor ist und wobei die Anweisungen die Rechen-
vorrichtung ferner zu Folgendem veranlassen:

Verfolgen einer Position eines zweiten elektro-
magnetischen Sensors, der in einem zweiten
Werkzeug enthalten ist;

iteratives Bestimmen einer Position des zweiten
Werkzeugs im Brustkorb des Patienten auf der
Grundlage der verfolgten Position des zweiten
elektromagnetischen Sensors; und

Anzeigen einer Annaherung des zweiten Werk-
zeugs relativ zu dem anatomischen Element
und dem ersten Werkzeug auf der Grundlage
der bestimmten Position des zweiten Werk-
zeugs innerhalb des Brustkorbs des Patienten.

Revendications

Systeme d’émission d’avertissement de proximité
au niveau d’'une caractéristique anatomique lors de
la navigation d’un outil d’ablation a I'intérieur de la
poitrine d’un patient, le systéme comprenant :

un systeme de navigation électromagnétique (10)
comportant :

un générateur de champ électromagnétique
(76),

un outil d’ablation (104) congu pour étre inséré
dans la poitrine du patient, et un capteur élec-
tromagnétique  (94) disposé sur [loutil
d’ablation ; et un dispositif informatique (80)
comportant un processeur (204) etune mémoire
(202) stockant des instructions qui, lorsqu’elles
sont exécutées par le processeur, aménent le
dispositif informatique a :

recevoir (S302) des données d’image de la
poitrine du patient ;

générer (S304) un modéle tridimensionnel
(3D) de la poitrine du patient surla base des
données d’'image regues ;

déterminer (S306) un emplacement de la
caractéristique anatomique sur la base des
données d'image regues et du modéle 3D
génére ;

suivre  une  position du
électromagnétique ;
déterminer de maniére itérative (S318) une
position de I'outil d’ablation a l'intérieur de
la poitrine du patient sur la base de la posi-
tion suivie du capteur électromagnétique ;
fournir des instructions pour indiquer une
proximité de I'outil d’ablation par rapport a
la caractéristique anatomique, sur la base
de la position déterminée de l'outil d’abla-
tion a l'intérieur de la poitrine du patient ;
caractérisé en ce que les instructions
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ameénent en outre le dispositif informatique
a:

déterminer (S312) une zone d’ablation
(610) sur la base des parameétres
d’ablation pour I'outil d’ablation ;
déterminer (S314) si la zone d’ablation
s’approche d’une distance prédétermi-
née de la caractéristique anatomique ;
et

émettre (S316) une alerte lorsqu’une
détermination est faite que la zone
d’ablation s’approche de la distance
prédéterminée de la caractéristique
anatomique.

2. Systeme selon la revendication 1, dans lequel les

instructions ameénent en outre le dispositif informa-
tique a:

déterminer si l'outil d’ablation se trouve dans
une distance prédéterminée de la caractéristi-
que anatomique ; et

émettre une alerte de proximité lorsqu’'une dé-
termination est faite que I'outil d’ablation se trou-
ve dans la distance prédéterminée de la carac-
téristique anatomique.

Systéme selon la revendication 1 ou la revendication
2, dans lequel les instructions amenent en outre le
dispositif informatique a recevoir des données cor-
respondant au mouvement de la poitrine du patient
sur la base du cycle respiratoire du patient, et a dé-
terminer si I'outil d’ablation se trouve dans la distan-
ce prédéterminée de la fonction anatomique sur la
base des données concernant le mouvement de la
poitrine du patient.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les instructions aménent
enoutrele dispositifinformatique a recevoir des don-
nées correspondant au mouvement de la poitrine du
patient sur la base du cycle respiratoire du patient,
et a déterminer 'emplacement de la caractéristique
anatomique sur la base des données correspondant
au mouvement de la poitrine du patient.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la caractéristique anato-
mique est 'une d’'une surface pleurale des poumons
du patient et d’'une structure vasculaire.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel les instructions aménent
en outre le dispositif informatique a :

recevoir des données d’image supplémentaires
de la poitrine du patient ; et
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mettre a jour (S322) le modéle 3D sur la base
des données d’'image supplémentaires.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel I'indication de la proximité
de l'outil d’ablation par rapport a la caractéristique
anatomique comporte une distance entre I'outil
d’ablation et la caractéristique anatomique, et une
direction de I'outil d’ablation par rapport a la carac-
téristique anatomique.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le capteur électromagné-
tique inclus dans 'outil d’ablation est un premier cap-
teur électromagnétique inclus dans un premier outil,
et dans lequel les instructions amenent en outre le
dispositif informatique a :

suivre la position d’un second capteur électro-
magnétique inclus dans un second outil ;
déterminer de maniere itérative une position du
second outil a I'intérieur de la poitrine du patient
sur la base de la position suivie du second cap-
teur électromagnétique ; et

indiquer une proximité du second outil par rap-
port a la caractéristique anatomique et au pre-
mier outil, sur la base de la position déterminée
du second outil a I'intérieur de la poitrine du pa-
tient.
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