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DESCRIPTION
FIELD OF THE INVENTION

[0001] The present invention relates generally to treating arrhythmia, and particularly an 
apparatus for ablation planning and control.

BACKGROUND OF THE INVENTION

[0002] Tissue ablation may be used for treating various types of diseases, such as cardiac 
arrhythmia. In some cases, the ablation to be applied is complex and requires pre-planning. 
Various techniques may be applied for planning and controlling the ablation procedure.

[0003] For example, U.S. Patent Application Publication 2014/0058387 describes a system 
and method for ablation planning including defining shapes and sizes for one or more ablation 
volumes based on probability of treatment, and determining a target volume to be treated. A 
procedure plan is provided by determining a number and location of planned ablations within 
the target volume using the one or more ablation volumes. A joint probability distribution is 
determined for at least two planned ablations in the target volume. A final configuration is 
visualized to determine if plan objectives are met based on a probability of treatment for the 
target volume.

[0004] U.S. Patent Application Publication 2012/0277763 describes an interventional ablation 
therapy planning system, and an imaging system that generates an image representation of a 
target volume located in a patient. The planning system includes a segmentation unit that 
segments a planned target volume of the target volume that is to receive the ablation therapy. 
A planning processor, which generates an ablation plan with one or more ablation zones that 
cover the entire planned target volume with ablation therapy, each ablation zone has a 
predetermined ablation volume, the predetermined ablation zone being defined by moving an 
ablation probe during ablation.

[0005] WO 2016/181317A2 describes systems and methods for planning of catheter ablation 
procedures, and in particular for planning of the placement of lesions and/or parameters used 
in ablation. In some embodiments, planning is based on thermal and/or dielectric simulation of 
lesions, individualized to the anatomy of the particular patient. Optionally, a plan comprises 
planning of a path along which an ablation lesion is to be formed, the ablation lesion optionally 
comprising one or more sub-lesions. The plan may be optimized for avoidance of collateral 
damage to non-target tissue. WO 2016/181317A2 also describes real-time use of an ablation 
plan, during which the system adapts the ablation plan to actual events during ablation.

SUMMARY OF THE INVENTION
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[0006] There is provided, in accordance with an embodiment of the present invention, an 
apparatus according to claim 1 for visualizing ablation. The apparatus includes an output 
device and a processor. The processor is configured to display to a user, on the output device, 
a three-dimensional (3D) tube that visually represents a region for ablation in tissue of a 
patient, to receive from the user ablation information that specifies one or more ablation 
locations along the 3D tube and one or more respective ablation configurations for ablating in 
the ablation locations, and to display to the user, on the 3D tube, an estimated impact of the 
ablation in the tissue, based on the ablation locations and the corresponding ablation 
configurations.

[0007] The present invention is defined by the appended claims, and will be more fully 
understood from the following detailed description, taken together with the drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a schematic, pictorial illustration of a catheter-based tracking and ablation system, in 
accordance with an embodiment of the present invention;

Fig. 2 is a schematic, pictorial illustration of a three-dimensional (3D) tube that visually 
represents a target region for ablation, in accordance with an embodiment of the present 
invention; and

Fig. 3 is a schematic, pictorial illustration of a 3D tube that visually represents an estimated 
impact of ablation in tissue, in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

OVERVIEW

[0009] Cardiac ablation procedures typically require pre-planning for achieving accurate 
results. For example, a pulmonary vein (PV) isolation procedure blocks the propagation of 
undesired electrical impulses across the PV, by ablating a contiguous lesion around the 
perimeter of the PV. It is important to plan and control the procedure so as to form the 
contiguous lesion accurately.
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[0010] Embodiments of the present disclosure, and the claimed invention, that are described 
hereinbelow provide improved techniques for planning and controlling ablation procedures. In 
some embodiments, in planning the ablation procedure, a processor is configured to display to 
a user (typically a physician) a three-dimensional (3D) tube that visually represents a target 
region of the PV to be ablated. The
user then provides the processor with ablation information that specifies one or more planned 
ablation locations along the 3D tube, and one or more respective planned ablation 
configurations for ablating at the specified ablation locations. An ablation configuration for a 
certain ablation location may specify, for example, the ablation intensity, ablation duration 
and/or other attributes.

[0011] In an embodiment, after receiving the ablation locations and configurations from the 
user, the processor is configured to activate electrodes of a catheter to ablate the tissue at the 
ablation locations using the respective ablation configurations, and to display on the 3D tube 
an estimated impact of the ablation based on actual ablation locations and corresponding 
actual ablation configurations.

[0012] In some cases, one or more of the actual ablation locations and/or the respective actual 
ablation configurations may differ from the planned ablation locations and/or configurations. In 
such cases, the processor is configured to display on the 3D tube the difference between the 
planned and the actual estimated impact of the ablation on the tissue. In some embodiments, 
the processor is further configured to evaluate the estimated impact of the actual ablation, and 
to display the evaluation results to the user.

[0013] In an embodiment, the processor may detect a discontinuity in the lesion, during 
planning or during the actual procedure. In this embodiment, the processor may alert the user 
accordingly and may further suggest modified ablation locations and/or modified configurations 
so as to fill the discontinuity in the lesion, thereby increasing the probability of forming a 
contiguous lesion.

[0014] The disclosed techniques can be used with various ablating techniques, such as single­
electrode ("point-by-point") catheters that ablate one target location at a time, or multi­
electrode catheters (e.g., lasso or basket catheters) that ablate multiple target locations 
simultaneously.

[0015] The disclosed techniques provide real-time visualization of the ablation status and 
enable the physician to plan the ablation and track its progress, so as to immediately correct 
any deviation from the ablation plan, for example by displaying an undesirable gap between 
adjacent lesions as an unmarked section of the 3D tube.

[0016] Moreover, the disclosed techniques are not limited to cardiac ablation. For example, the 
disclosed techniques may be used for ablating a tumor, in which case the displayed 3D tube 
may represent the tumor, with or without safety margins around the tumor.
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SYSTEM DESCRIPTION

[0017] Fig. 1 is a schematic, pictorial illustration of a catheter-based tracking and ablation 
system 20, in accordance with an embodiment of the present invention. System 20 comprises 
a catheter 22, in the present example a cardiac catheter, and a control console 24. In the 
embodiment described herein, catheter 22 may be used for any suitable therapeutic and/or 
diagnostic purposes, such as ablation of tissue (shown in Fig. 2 below) in a heart 26.

[0018] Console 24 comprises a processor 41, typically a general-purpose computer, with 
suitable front end and interface circuits 38 for receiving signals via catheter 22 and for 
controlling the other components of system 20 described herein. Console 24 further comprises 
a user display 35, which is configured to display a three-dimensional (3D) tube shown in Figs. 
2 and 3 below that may be overlaid on an image 27 of heart 26.

[0019] In an embodiment, the displayed 3D tube may visually represent an estimated impact of 
the planned locations and corresponding configurations of the ablation before conducting the 
ablation procedure (as shown in Fig. 2 below). In another embodiment, the displayed 3D tube 
may represent the estimated impact of the ablation in the tissue based on the actual ablation 
locations and the corresponding actual ablation configurations. In an embodiment, the 3D tube 
may be displayed overlaid on image 27 of heart 26.

[0020] In some procedures, such as ablation of the tissue, a physician 30 may plan the 
procedure in advance. In some embodiments, for planning the ablation, processor 41 receives 
from physician 30 a target region for ablation in the tissue and displays on display 35 a virtual 
three-dimensional (3D) tube (shown in Fig. 2 below) that visually represents the target region 
for ablating the tissue of heart 26. The 3D tube is depicted in detail in Figs. 2-3 below. The 
physician then provides the processor with the required ablation locations and respective 
ablation configurations.

[0021] To perform the ablation procedure, physician 30 inserts catheter 22 through the 
vascular system of a patient 28 lying on a table 29. Catheter 22 comprises one or more 
ablation electrodes 40 fitted at its distal end. Electrodes 40 are configured to ablate tissue at 
the target location of heart 26. Physician 30 navigates the distal end in the vicinity of the target 
location in heart 26 by manipulating catheter 22 with a manipulator 32 near the proximal end of 
the catheter as shown in an inset 23. The proximal end of catheter 22 is connected to interface 
circuitry in processor 41.

[0022] In some embodiments, the position of the distal end in the heart cavity is measured by 
a position sensor (not shown) of a magnetic position tracking system. In this case, console 24 
comprises a driver circuit 34, which drives magnetic field generators 36 placed at known 
positions external to patient 28 lying on table 29, e.g., below the patient's torso. The position 
sensor is fitted to the distal end, and configured to generate position signals in response to 
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sensed external magnetic fields from field generators 36. The position signals are indicative of 
the position the distal end in the coordinate system of the position tracking system.

[0023] This method of position sensing is implemented in various medical applications, for 
example, in the CARTO™ system, produced by Biosense Webster Inc. (Diamond Bar, Calif.) 
and is described in detail in U.S. Patents 5,391,199, 6,690,963, 6,484,118, 6,239,724, 
6,618,612 and 6,332,089, in PCT Patent Publication WO 96/05768, and in U.S. Patent 
Application Publications 2002/0065455 A1,2003/0120150 A1 and 2004/0068178 A1.

[0024] In some embodiments, physician 30 may use processor 41 for navigating distal end 40 
to a target location and for activating electrodes 40 so as to ablate the tissue at the target 
location. In alternative embodiments, processor 41 may be used only for displaying the 3D 
tube, and console 22 may comprise one or more other processors that may be used for the 
navigation of distal end 40 and for the ablation of the tissue.

[0025] Processor 41, typically comprises a general-purpose computer, which is programmed in 
software to carry out the functions described herein. The software may be downloaded to the 
computer in electronic form, over a network, for example, or it may, alternatively or additionally, 
be provided and/or stored on non-transitory tangible media, such as magnetic, optical, or 
electronic memory.

PLANNING THE ABLATION PROCEDURE

[0026] Fig. 2 is a schematic, pictorial illustration of a virtual three-dimensional (3D) tube 50 that 
visually represents a target region for ablation, as displayed to physician 30 on display 35, in 
accordance with an embodiment of the present invention. In the example of Fig. 2, the ablation 
procedure aims to isolate a pulmonary vein (PV) 48 of heart 26, but the embodiments 
described herein may be used in any other ablation procedure.

[0027] In the planning stage of the procedure, one or more anatomical images of PV 48 are 
displayed to physician 30 on display 35. The anatomical images may be acquired using any 
suitable imaging technique, such as echocardiography, multi-detector computerized 
tomography (MDCT), or fast anatomical mapping (FAM) implemented, for example, in the 
CARTO™ system, produced by Biosense Webster Inc. (Diamond Bar, Calif.) and is described 
in detail in U.S. Patent 9,265,434, in U.S. Patent Application Publications 2011/0152684 A1, 
2015/0018698 A1 and 2016/0183824 A1, and in European patent application publication 
EP2338419 A1.

[0028] In an embodiment, as part of the planning phase, physician 30 selects multiple ablation 
locations and corresponding ablation configurations, and provides this information to processor 
41. In an embodiment, physician 30 may set a specific ablation configuration at every ablation 
location. In some embodiments, the ablation configuration may specify various ablation 
attributes, such as ablation duration, ablation power, ablation index, target temperature, 
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impedance drop, or any other suitable ablation attribute. In the present example, six ablation 
locations denoted 55A, 55B, 55C, 55D, 55E, and 55F have been selected. Processor 41 uses 
the image of PV 48, as well as the target ablation locations and ablation configurations 
specified by physician to display virtual 3D tube 50 on display 35.

[0029] In some embodiments, processor 41 is configured to estimate, for each ablation 
location, the size of the lesion that would be formed assuming the respective ablation 
configuration were applied. In an embodiment, processor 41 is configured to mark a colored 
section of tube 50 on either side of the ablation location. The size of these colored sections 
corresponds to the estimated size of the lesion.

[0030] In some embodiments, this technique may be used in the ablation planning stage, in 
which case physician 30 may start with an initial ablation plan of locations and corresponding 
ablation configurations. In an embodiment, processor 41 displays the estimated impact of the 
planned ablation by filling the respective sections of tube 50 accordingly.

[0031] By using this visualization technique, physician 30 can plan the procedure adaptively, 
e.g., in a way that will fill the entire tube, thereby ensuring formation of a contiguous lesion. In 
case the estimated ablation impact indicates that the planned scheme does not form a 
contiguous lesion, processor 41 will display unmarked (e.g., transparent) sections in tube 50 
that are indicative of a non-contiguous lesion. In such cases, physician 30 may modify the 
planned scheme, e.g., by moving ablation locations along tube 50, adding or removing 
locations, and/or modifying the ablation configurations in one or more ablation locations. 
Processor 41 will display the estimated impact of the modified plan on tube 50 for reevaluation. 
Physician 30 may repeat this iterative plan modification process until the medical requirements 
are fulfilled.

[0032] In some embodiments, the processor displays tube 50 with a scale 52 to assist 
physician 30 in selecting the ablation locations along tube 50. The physician provides the 
processor with a respective ablation configuration for each selected ablation location. 
Locations 55A-55F are virtually displayed e.g., as marks, on tube 50.

[0033] In some embodiments, processor 41 is configured to mark on tube 50 the expected 
lesion boundaries at each selected ablation location, based on the respective ablation 
configuration, for assisting physician 30 in planning and execution of the ablation procedure. 
For example, using the boundaries marks physician 30 may modify the ablation configurations 
for achieving a contiguous lesion around PV 48.

[0034] In an embodiment, processor 41 is further configured to display tube 50 overlaid on the 
anatomical image of PV 48 as shown in Fig. 2, or on any anatomical reconstruction of an organ 
selected by physician 30. In other embodiments, tube 50 may be presented separately.

DISPLAYING ESTIMATED IMPACT OF THE ABLATION
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[0035] Fig. 3 is a schematic, visual illustration of an estimated impact of the ablation using 
virtual 3D tube 50, in accordance with an embodiment of the present invention.

[0036] In an embodiment, during the ablation procedure, processor 41 receives the position of 
the distal end from the position sensor fitted thereon, and displays the position of ablation 
electrodes 40 with respect to tube 50 so that physician 30 may navigate the distal end to the 
selected ablation locations (e.g., location 55A). After navigating the distal end, e.g., to location 
55A, physician 30 activates electrodes 40 for ablating the tissue using the predefined ablation 
configuration of location 55A, as described in Fig. 2 above.

[0037] Typically, the ablation is carried out at the planned locations and using the respective 
planed configurations. In some cases, however, the actual ablation applied to the tissue may 
deviate from the planned ablation. For example, during the ablation of the tissue, the actual 
ablation configuration may differ from the planned configuration. As another example, the 
actual position of distal end 40 may deviate from the exact planned location. In such cases, the 
resulting lesion will not match the exact lesion as planned.

[0038] After ablating at location 55A, processor 41 virtually "fills" a section 60A of tube 50 with 
color that represents the actual lesion formed by the ablation. In an embodiment, processor 41 
displays the filled color in section 60A based on the actual location of distal end 40 during the 
ablation ("actual ablation location" as obtained from the position tracking system) and based on 
the actual ablation configuration performed at this location.

[0039] In an embodiment, the size and the color of section 60A (measured along scale 52) 
visualize the actual impact of the ablation on the tissue at location 55A. In some embodiments, 
physician 30 may use the size and color of section 60Ato estimate the actual ablation impact 
relative to the ablation plan and to adjust the ablation configuration at location 55B, which is the 
next planned ablation location.

[0040] In the example of Fig. 3, the ablations at locations 55Aand 55B fills the planned section 
of tube 50 as shown by respective sections 60Aand 60B. In this example, the visualization of 
the ablation impact at location 55C, as shown by a section 60C, covers less than the planned 
area, as demonstrated by sections 62 and 63 that remain transparent in tube 50. Transparent 
section 62 indicates that a contiguous lesion was not formed in this section, and therefore, this 
discontinuity may fail to block propagation of undesired electrical impulses across PV 48.

[0041] In some embodiments, processor 41 may suggest a modified ablation configuration, or 
physician 30 may manually modify the ablation configuration at location 55D so as to form a 
contiguous lesion in section 63, that is required for blocking undesired electrical impulses from 
passing through section 63. For example, at location 55D physician 30 may increase the actual 
ablation power and/or extend the actual ablation duration so as to close the gap of section 63 
and to form a contiguous lesion visualized by sections 60C and 60D.
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[0042] In an embodiment, processor 41 is further configured to display abnormal estimated 
ablation impact. For example, processor 41 may display, at a section 65, excess ablation 
caused, for example, by modifying the ablation configuration at location 55D. The excess 
ablation may be displayed using a predetermined color, texture, or any other suitable 
visualization effect that indicates the actual impact of the excess ablation on the tissue.

[0043] In some embodiments, processor 41 may suggest an ablation strategy (e.g., an 
ablation location and a corresponding ablation configuration) for filling section 62 so as to 
complete the formation of the contiguous lesion around PV 48.

[0044] In some embodiments, after concluding the ablation at locations 55A-55F, processor 41 
may evaluate the ablation impact along tube 50. For example, processor 41 may evaluate 
whether the ablation has actually formed a contiguous lesion, and notify physician 30 in case of 
identified discontinuity or any other unexpected outcome of the ablation along tube 50.

[0045] In some embodiments, processor 41 is further configured to display the distance 
between the location of distal end 40 and one or more of the planned ablation locations.

[0046] The configuration of tube 50 and the corresponding ablation scheme shown in Figs. 2-3 
are example configurations that are shown purely for the sake of conceptual clarity. In 
alternative embodiments, any other suitable configuration can be used. For example, the 
virtual 3D tube may have a linear shape so as to form an ablation line.

[0047] In the embodiments described herein, processor 41 visualizes tube 50 in a two-phase 
process - First during planning and then during the actual ablation procedure. In alternative 
embodiments, the disclosed techniques can be used only during planning, or only during the 
actual procedure.

[0048] Although the embodiments described herein mainly address cardiology, the methods 
and systems described herein can also be used in other applications, such as in tumor 
ablation.

[0049] It will be appreciated that the embodiments described above are cited by way of 
example, and that the present invention is not limited to what has been particularly shown and 
described hereinabove. Rather, the scope of the present invention is defined by the appended 
claims.
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Patentkrav

1. Apparat til visualisering af ablation, hvilket apparat omfatter:

en outputindretning (35); og

en processor (41), konfigureret til at vise en bruger, på outputindretningen, et 

tre-dimensionelt (3D) rør (50) der visuelt repræsenterer en region til ablation i 

væv på en patient, til at modtage ablationsinformation fra brugeren der 

specificerer én eller flere ablationssteder langs 3D-røret og én eller flere 

respektive ablationskonfigurationer til ablation på ablationsstederne, og til at 

vise brugeren, på 3D-røret, en estimeret indvirkning af ablationen i vævet 

baseret på ablationsstederne og de tilsvarende ablationskonfigurationer,

hvor de respektive ablationssteder og tilsvarende ablationskonfigurationer er 

aktuelle ablationssteder (60A-D) og tilsvarende aktuelle 

ablationskonfigurationer anvendt til ablationen,

hvor hver aktuel ablationskonfiguration anvendes til dannelse af en læsion i et 

respektivt aktuelt ablationssted, og hvor processoren er konfigureret til at 

evaluere en størrelse og en alvorlighed af læsionen ved hvert aktuelt 

ablationssted,

hvor processoren er konfigureret til at vise én eller flere områder (65) langs 

3D-røret hvor for meget ablation er blevet tilført.

2. Apparatet ifølge krav 1, hvor processoren er konfigureret til at vise ét eller flere 

områder (62, 63) langs 3D-røret hvor naboliggende læsioner er ikke-tilstødende.

3. Apparatet ifølge krav 1, hvor processoren (41) er konfigureret til at ligge det viste 

3D rør ovenpå et anatomisk billede af vævet ved ablationsstederne.

4. Apparatet ifølge krav 1, hvor regionen omfatter en pulmonær vene (PV) (48).

5. Apparatet ifølge krav 1, hvor ablationskonfigurationerne omfatter ét eller flere 

ablationsattributter valgt fra en liste bestående af ablationsvarighed, ablationsstyrke, 

ablationsindeks, måltemperatur, og impedansfald.
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