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1
MEDICAL SYSTEM HAVING COMBINED
AND SYNERGIZED DATA OUTPUT FROM
MULTIPLE INDEPENDENT INPUTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
application No. 62/101,133, filed Jan. 8, 2015, which is
hereby incorporated by reference as though fully set forth
herein.

BACKGROUND OF THE INVENTION

a. Field of the Invention

The present disclosure relates to medical systems and
medical devices employed by medical systems, and more
particularly to systems and methods for assimilating infor-
mation from disparate medical systems and devices.

b. Background Art

Medical systems used in the healthcare industry include
various diagnostic, navigation, imaging, mapping, and treat-
ment systems, as well as the various associated medical
devices employed by such medical systems.

Medical imaging systems are used to obtain various
images, still or moving, of the anatomy of patients. A wide
variety of imaging systems are currently available, such as
fluoroscopy, angiography, echocardiography, computed
tomography, ultrasound, x-ray, nuclear, magnetic resonance
imaging (MM) and other imaging systems. Typically, two-
dimensional (2D) images are generated with such systems.
Often, a real-time, or simulated live, moving image can be
generated on a display screen.

Medical mapping systems are used to generate various
models or representations of anatomy, such as portions of
the heart, with respect to a three-dimensional (3D) reference
frame of the mapping system. Common mapping systems
and technology include impedance-based systems, such as
the EnSite™ Velocity™ system utilizing EnSite™ NavX™
technology, and magnetic- or electromagnetic-based sys-
tems, such as the MediGuide™ system, each of which is
available from St. Jude Medical, Inc. These systems are
capable of generating complex-shaped hulls that can be
rotated and viewed from different angles on a display screen.

Medical devices include, for example, ablation catheters,
mapping catheters, imaging catheters, pressure and force
sensing devices, and many, many others. These devices are
typically configured for use with a particular type of medical
system. For example, a catheter may have an ablation tip
along with location sensors that can place the tip within a 3D
model generated by an impedance-based mapping system.
Such a catheter typically would not be compatible with a
magnetic-based mapping system.

Medical devices are highly complicated and specialized
devices due to the complex interaction between living tissue
and potentially hazardous technology. For example, many
devices have very demanding size constraints for operating
within small passages of a body, which additionally
increases the cost of the device. Each system and device s,
therefore, typically oriented toward obtaining a particular
type of data or delivering a specific type of treatment. Thus,
each of these systems and devices is typically limited to a
small range of procedures, requiring doctors and clinicians
to utilize multiple systems and devices to perform additional
procedures.

Furthermore, each of these systems may have drawbacks
due to the limitations of their particular technology. For
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2

example, fluoroscopic images are accurate, but lack depth
and soft tissue information, while ultrasound images provide
good visualization, but have a limited view plane and
include excessive noise. Also, magnetic-based mapping sys-
tems may be susceptible to interference from outside
objects, while impedance-based mapping systems may be
susceptible to “shift and drift” from changes in the physi-
ology (impedance) of the body of the patient.

Information from these various system, however, carnot
be combined into a more useful format or presentation. Each
of these systems and devices generates data having distinct
characterizing parameters, such as data resolution, sampling
rate, frequency, accuracy and, the like. Thus, each of these
systems typically produces an output that is unique to that
system and incompatible with other systems.

Various attempts have been made to combine information
from different medical systems. For example, U.S. Pub. No.
2012/0265054 Al to Olson describes methods for register-
ing multiple navigation systems to a common coordinate
frame. U.S. Pub. No. 2012/0302869 A1l to Koyrakh et al.
describes methods for correction of shift and drift in imped-
ance-based navigation system using magnetic field informa-
tion. U.S. Pub. No. 2013/0066193 Al to Olson et al.
describes methods for navigating a catheter using both
impedance and magnetic medical systems. U.S. Pat. No.
7,314.446 to Byrd et al. describes methods for time gating
medical images. Each of the aforementioned references is
hereby incorporated by reference in its entirety for all
purposes.

None of the aforementioned systems and methods, how-
ever, delivers a completely integrated user experience. In
particular, visual representations of the various outputs are
difficult to combine into a unified, easy to understand
display. Thus, it is often left to the individual doctor or
clinician to interpret multiple information streams at one
time. However, data displayed on separate displays can
become out of synch in a very short time, further compli-
cating assimilation of information by the doctor or clinician.

BRIEF SUMMARY OF THE INVENTION

The present disclosure relates generally to medical sys-
tems configured to combine and synergize information in an
expedient format for viewing on a display screen.

In one embodiment, a method for combining and syner-
gizing data from different medical systems comprises
obtaining from a first medical system an image disposed
relative to a first coordinate system, obtaining from a second
medical system supplemental data, synchronizing first and
second clocks of the first and second medical systems,
respectively, and displaying in synchronicity the supplemen-
tal data combined with the image.

In another embodiment, a system for combining and
synergizing data from different medical systems comprises
a computing device comprising a data input interface, a data
output interface, processor resources, and memory
resources. The memory resources store computer-readable
instructions that, when executed by the processor resources,
cause the processor resources to execute the following
processes: obtain from a first medical system an image
disposed in a first coordinate system through the data input
interface; obtain from a second medical system supplemen-
tal data through the data input interface; synchronize first
and second clocks of the first and second medical systems,
respectively; and transmit to the data output interface data
for displaying in synchronicity the supplemental data com-
bined with the image.
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In yet another embodiment, a method for synergizing data
from different medical systems comprises obtaining location
data from a first system, obtaining image data from a second
system, co-registering coordinate systems from the first and
second systems, synchronizing time domains from the first
and second systems, displaying the location data in the
image as a motion picture, and augmenting the motion
picture with medical information from a third system.

In still another embodiment, a system for synergizing data
from different medical systems comprises a first medical
device configured to generate medical information corre-
lated to a first time scale, and a medical positioning system
comprising the following: a catheter configured to generate
position data of a sensor relative to a magnetic coordinate
system and a second time scale; circuitry configured to
receive the position data, the medical information, and
imaging data from an imager relative to an optical coordi-
nate system and a third time scale, and further configured to
synchronize the first, second, and third time scales; and a
display unit configured to display real-time, time-synchro-
nized imaging data, location data, and medical information.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a medical system
configured to combine multiple independent data inputs into
a synergized data output.

FIG. 2 is a schematic representation of a medical imaging
system for generating and displaying the position of a sensor
relative to an image on a display screen.

FIG. 3 is a schematic representation of a medical mapping
and navigation system for generating and displaying the
position of a sensor relative to a model on a display screen.

FIGS. 4A-4D are schematic representations of exemplary
dipole pairs of driven body patch electrodes suitable for use
with the medical mapping and navigation system of FIG. 3.

FIG. 5 is an exemplary display screen of the medical
system of FIG. 1, showing data output from multiple inde-
pendent medical systems synergized into a single view.

FIG. 6 is a flowchart diagramming one method of com-
bining and synergizing data according to the present disclo-
sure.

FIG. 7 is an exemplary display screen of data from a
force-sensing ablation catheter being synergized into a fluo-
roscopic image.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 is a schematic representation of medical system
100 configured to combine multiple independent data inputs
into a synergized data output. Medical system 100 combines
and synergizes data inputs from a plurality of sub-systems,
including first system 102, second system 104 and third
system 106. Sub-systems 102, 104, and 106 include con-
trollers 108, 110, and 112, respectively. Data collected from
each sub-system relative to patient 113 is presented at
display 114 in an integrated, user-friendly format.

In the described embodiment, first system 102 comprises
an imaging system, such as a fluoroscopic system that
generates images using x-ray 116. In the described embodi-
ment, second system 104 comprises a mapping and naviga-
tion system, such as an impedance-based system that gen-
erates data points using electrodes 118A and 118B. In the
described embodiment, third system 106 comprises a map-
ping and navigation system, such as a magnetic-based
system that generates data points using position sensor 120.
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4

Electrodes 118A and 118B and position sensor 120 are
shown mounted commonly on catheter 121. In other
embodiments, electrodes 118 A and 118B and position sensor
120 may be mounted on separate catheters.

In system 100, one or more of controllers 108-112
includes programming and instructions (e.g. computer read-
able instructions stored on a computer readable medium) for
combining and synergizing data from systems 102-106, and
presenting such data at display 114. For example, system
102 generates medical information relating to a two-dimen-
sional image showing the expansion and contraction of heart
wall tissue. For example, system 104 generates medical
information relating to the location and movement of sen-
sors relative to a heart wall represented as a three-dimen-
sional model. For example, system 106 generates medical
information relating to the location of a position sensor
within three-dimensional space. Furthermore, controllers
108-112 include clocks 122-126, respectively, that generate
timing information against which medical information from
x-ray 116, electrodes 118A and 118B, and position sensor
120 is recorded, respectively. System 100 synchronizes the
timing information so medical information from each medi-
cal system can be interpreted contemporaneously at display
114. Furthermore, system 100 integrates other aspects of
data collected using x-ray 116, electrodes 118A and 118B,
and position sensor 120, such as sampling rate, integration
time, sensor accuracy, and the like. According to various
aspects of the present disclosure, systems and methods for
combining and synergizing medical information from dif-
ferent medical systems into a single display are described.

FIG. 2 shows the structural integration of components of
first system 102 and third system 106 from FIG. 1. FIGS.
3-4D show the components of second system 104, which can
be structurally integrated into third system 106, such as is
described in aforementioned U.S. Pub. No. 2012/0265054
A1l to Olson, which is hereby incorporated by reference in
its entirety for all purposes. FIGS. 2-4D are described in
order to provide an understanding of how each system
generates data that is combined and synergized according to
the present disclosure, such as described with reference to
FIGS. 1 and 5-7. FIG. 5 is an exemplary display screen of
the medical system of FIG. 1, showing data output from
systems 102, 104, and 106 synergized into a single view.
FIG. 6 is a flowchart diagramming one method of combining
and synergizing data according to the present disclosure.
FIG. 7 is an exemplary display screen showing another
embodiment of combined and synergized information
according to the systems and methods of the present disclo-
sure.

FIG. 2 is a schematic representation of medical imaging
system 210 for determining the position of catheter 212
relative to a model and an image of an organ of patient 214,
as well as for generating and displaying supplemental medi-
cal information on display unit 216. System 210 includes
moving imager 218, which includes intensifier 220 and
emitter 222, and magnetic positioning system (MPS) 224,
which includes position sensor 226 and field generators 228.
Moving imager 218 generates an image of tissue from
patient 214 on display unit 216, on which the location of
position sensor 226 can be shown using MPS 224 to
facilitate treatment and diagnosis of patient 214.

System 210 is configured to generate a two-dimensional
fluoroscopic movie from moving imager 218 on which the
location of position sensor 226 from MPS 224 can be shown.
Moving imager 218 is representative of one embodiment of
system 102 of FIG. 1. MPS 224 is representative of one
embodiment of system 106 of FIG. 1. Specifically, in one
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embodiment, catheter 212 comprises catheter 121 of FIG. 1,
and position sensor 226 comprises position sensor 120 of
FIG. 1. Additional supplemental medical information can be
shown on display unit 216 from a third medical system, such
as system 104 of FIG. 1 or system 310 of FIG. 3.

Moving imager 218 is a device which acquires an image
of region of interest 230 while patient 214 lies on operation
table 232. Intensifier 220 and emitter 222 are mounted on
C-arm 234, which is positioned using moving mechanism
236. In one embodiment, moving imager 218 comprises a
fluoroscopic or X-ray type imaging system that generates a
two-dimensional (2D) image of the heart of patient 214.

Magnetic positioning system (MPS) 224 includes a plu-
rality of magnetic field generators 228 and catheter 212, to
which position sensor 226 is mounted at a distal end. MPS
224 determines the position of the distal portion of catheter
212 in a magnetic coordinate system generated by field
generators 228, according to output of position sensor 226.
In one embodiment, MPS 224 comprises a MediGuide
¢MPS magnetic positioning system, as is commercially
offered by St. Jude Medical, Inc., that simultaneously gen-
erates a three-dimensional (3D) model of the heart of patient
214. MPS 224 may include various input and output inter-
faces, non-volatile memory, and a processor configured to
perform many of the functions and operations described
herein.

C-arm 234 positions intensifier 220 above patient 214 and
emitter 222 underneath operation table 232. Emitter 222
generates, and intensifier 220 receives, an imaging field F,,
e.g., a radiation field, that generates a 2D image of area of
interest 230 on display unit 216. Intensifier 220 and emitter
222 of moving imager 218 are connected by C-arm 234 so
as to be disposed at opposites sides of patient 214 along
imaging axis A,, which extends vertically with reference to
FIG. 2 in the described embodiment. Moving mechanism
236 rotates C-arm 234 about rotation axis A, which extends
horizontally with reference to FIG. 2 in the described
embodiment. Moving mechanism 236 or an additional mov-
ing mechanism may be used to move C-arm 234 into other
orientations. For example, C-arm 234 can be rotated about
an axis (not shown) extending into the plane of FIG. 2 such
that imaging axis A; is rotatable in the plane of FIG. 2. As
such, moving imager 218 is associated with a 3D optical
coordinate system having x-axis X,, y-axis Y,, and z-axis 7.

Magnetic positioning system (MPS) 224 is positioned to
allow catheter 212 and field generators 228 to interact with
system 210 through the use of appropriate wiring or wireless
technology. Catheter 212 is inserted into the vasculature of
patient 214 such that position sensor 226 is located at area
of interest 230. Field generators 228 are mounted to inten-
sifier 220 so as to be capable of generating magnetic field F,,
in area of interest 230 coextensive with imaging field F,.
MPS 224 is able to detect the presence of position sensor
226 within the magnetic fleld F,, In one embodiment,
position sensor 226 may include three mutually orthogonal
coils, as described in U.S. Pat. No. 6,233,476 to Strommer
et al., which is hereby incorporated by reference in its
entirety for all purposes. As such, magnetic positioning
system 224 is associated with a 3D magnetic coordinate
system having x-axis X, y-axis Y, and z-axis 7.

The 3D optical coordinate system and the 3D magnetic
coordinate system are independent of each other, that is they
have different scales, origins and orientations, as well as
different timing information. Movement of C-arm 234 via
moving mechanism 236 allows imaging field F; and mag-
netic field F,, to move relative to area of interest 230 within
their respective coordinate system. However, field genera-
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tors 228 are located on intensifier 220 so as to register the
coordinate systems associated with moving imager 218 and
MPS 224. Thus, images generated within each coordinate
system can be merged into single image shown on display
unit 216. Moving imager 218 and MPS 224 may function
together as is described in U.S. Pub. No. 2008/0183071 Al
to Strommer et al., which is hereby incorporated by refer-
ence in its entirety for all purposes.

Display unit 216 is coupled with intensifier 220. Emitter
222 transmits radiation that passes through patient 214. The
radiation is detected by intensifier 220 as a representation of
the anatomy of area of interest 230. An image representing
area of interest 230 is generated on display unit 216,
including an image of catheter 212. C-arm 234 can be
moved to obtain multiple 2D images of area of interest 230,
each of which can be shown as a 2D image on display umit
216. The 2D images can be shown live to indicate real time
movement of area of interest 230, such as the beating of a
heart. Alternatively, a short loop of video (CINE) can be
replayed over and over to simulate real time beating of the
heart.

Display unit 216 is coupled to MPS 224. Field generators
228 transmit magnetic fields that are mutually orthogonal,
corresponding to axes of the 3D magnetic coordinate sys-
tem. Position sensor 226 detects the magnetic fields gener-
ated by field generators 228. The detected signals are related
to the position and orientation of the distal end of catheter
212 by, for example, the Biot Savart law, known in the art.
Thus, the precise position and location of the distal end of
catheter 212 is obtained by MPS 224 and can be shown in
conjunction with the 2D images of area of interest 230 at
display unit 216. Furthermore, data from position sensor 226
can be used to generate a 3D model of area of interest 230,
as is described in U.S. Pat. No. 7,386,339 to Strommer et al.,
which is hereby incorporated by reference in its entirety for
all purposes.

In accordance with yet another embodiment of the present
teachings, information regarding the position of medical
imaging system 210 and/or other information associated
imaging system 210 may be obtained by sensing the acti-
vation of imaging system 210 and, in particular, the exis-
tence of radiation from emitter 222. Radiation emissions
may be detected using radiation detection sensor 238, such
as the XB8816 Series sensor offered for sale by X-Scan
Imaging Corporation. MPS 224 or controller 108 may be
configured to determine a time associated with the radiation
emission responsive to a signal generated by radiation
detector sensor 238 and thereby synchronize signals gener-
ated by other sensors such as position sensor 226, position
sensors 120 and electrodes 118A and 118B. For example,
X-rays may be generated up to sixty times per second, so it
is important to know exactly when each X-ray frame was
taken in order to accurately match the location of other
sensors in the frame. Otherwise, if the time at which emitter
222 is on is unknown, or not precisely known, the location
of position sensor 226, for example, can lag its real-time
location in display unit 216. Thus, for example, a quarter
second error in knowing when emitter 222 is active may
produce a large error in position. In synchronizing time data
generated by radiation detection sensor 238 and position
sensor 226, imaging system 210 can accurately plot the
location of sensor 226 in the X-ray frame. Additionally,
radiation detection sensor 238 may be used so that imaging
system 210 can determine when emitter 222 is inactive in
order to facilitate more accurate collection of data, such as
from position sensor 226. For example, magnetic field
generators 28 can be activated when emitter 222 is off in
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order to reduce interference in magnetic field FM by the
X-rays. Additional description of such features are described
in Int. Pub. No. WO/2014/141113 A2 to Eichler et al. and
U.S. Pub. No. 2008/0319312 Al to Eichler et al., both of
which are hereby incorporated by reference in their entire-
ties for all purposes.

Images and data generated by system 210 can be used to
facilitate various medical procedures. For example, cath-
eters enabled with positioning sensors are effective in per-
forming ablation procedures with the aid of fluoroscopy.
However, not all data relevant to performing an ablation
procedure is visible from data and images generated by
moving imager 218 and magnetic positioning system 224.
For example, certain physiological data, such as electro-
grams from an impedance enabled system or an EP record-
ing system may be useful in providing feedback about the
patient undergoing the procedure. Additionally, lesion
assessment information from a force sensing catheter may
be useful in providing real-time assessment of the ablation
process, as is described in U.S. Pat. No. 8,641,705 to Leo et
al., which is hereby incorporated by reference in its entirety
for all purposes. Force sensing catheters are commercially
available from St. Jude Medical, Inc. under the name Tac-
tiCath™ Quartz which may be used in connection with the
TactiSys™ Quartz system. Thus, diagnosis and treatment of
patient 214 can be encumbered by the doctor or clinician
having to mentally synergize information on different dis-
plays from different medical systems.

The present disclosure provides systems and methods for
combining medical data generated by moving imager 218
and MPS 224 of system 210 with other supplemental
medical data obtained from a third medical system. The
combined medical data increases the usefulness of informa-
tion generated by the aggregate system, such as system 100
of FIG. 1, and improves the effectiveness of the medical
diagnoses and procedures performed with the aggregate
system.

FIG. 3 is a schematic representation of an embodiment of
exemplary mapping and navigation system 310 that gener-
ates medical information that can be combined and syner-
gized with supplemental medical information from another
system. System 310 may include various visualization,
mapping and navigation components as known in the art,
including, for example, an EnSite™ Velocity™ system
utilizing EnSite™ NavX™ technology commercially avail-
able from St. Jude Medical, Inc., or as seen generally, for
example, by reference to U.S. Pat. No. 7,263,397, or U.S.
Pub. No. 2007/0060833, both of which are hereby incorpo-
rated by reference in their entireties for all purposes.

System 310 may include an electronic control unit (ECU)
312, analog-to-digital converter (A-to-D) 314, low-pass
filter (L.P.) 316, switch 318, signal generator 320, and a
plurality of body surface patch electrodes 322. System 310
may be electronically and/or mechanically coupled with an
elongate medical device, such as, in one embodiment, a
contact or non-contact mapping catheter (e.g., cardiac map-
ping catheter 324). Catheter 324 includes distal end portion
326 and proximal end portion 328. Distal end portion 326
includes electrode 332 and extends into heart 336 of patient
338. Proximal end portion 328 connects catheter 324 to
switch 318.

With reference to the present disclosure, system 310 is
configured to, among other things, collect cardiologic data
and location data, particularly electrocardiogram informa-
tion relative to a three-dimensional (3D) model of a heart,
and to combine and synergize such data with information
from system 210 of FIG. 2. For example, electrode 332 from
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catheter 324 of system 310 can be incorporated into a
rendering of a shaft including position sensor 226, which are
then overlaid onto an image from moving imager 218. In one
embodiment, catheter 324 comprises catheter 212 of FIG. 2
with the addition of electrode 332. In another embodiment,
catheter 324 comprises catheter 121 (along with position
sensor 120) of FIG. 1 and electrode 332 represents elec-
trodes 118A and 118B.

System 310 may be configured to provide, among other
things, mapping of patient tissue, such as one or more
chambers of heart 336 of patient 338, and a 3D model
bearing the surface geometry of the mapped tissue. Accord-
ingly, ECU 312 may be configured to receive electrical
measurements from one or more electrodes (diagrammati-
cally shown as a single electrode 332 in FIG. 1) on mapping
catheter 324 and, based on those measurements, to assess
one or more electrical characteristics of tissue surrounding
the distal end of mapping catheter 324. In an embodiment,
ECU 12 may be configured to determine a voltage distri-
bution of an endocardial surface according to electrical
measurements from mapping catheter electrode 332. ECU
312 may be further configured to determine that voltage
distribution with respect to an anatomical model, such as a
model of one or more chambers, features, and/or surfaces of
heart 336.

ECU 312 may include various input and output interfaces,
non-volatile memory 340, and processor 342 configured to
perform many of the functions and operations described
herein—i.e., memory 340 may store instructions for per-
forming portions of one or more methods or processes
described herein, and processor 342 may be configured to
execute those instructions to perform the methods or pro-
cesses. Memory 340 may also be configured to store an
anatomical model, such as a cardiac chamber model, a
plurality of measurements from mapping catheter 324, a
plurality of terms and values for the methods described
below, and other data and information. In an embodiment,
ECU 312 may additionally or alternatively comprise a
field-programmable gate array (FPGA) and/or other known
computing device.

In addition to (and as a part of) electrophysiclogy map-
ping, system 10 may be configured to determine the position
and orientation (P&Q) of mapping catheter 324 (e.g., of
distal end portion 326) within patient 338. Accordingly,
ECU 312 may be configured to control generation of one or
more electrical fields and determine the position of one or
more electrodes (e.g., electrode 332) within those fields.
ECU 312 may thus be configured to control signal generator
20 in accordance with predetermined strategies to selec-
tively energize various pairs (dipoles) of body surface patch
electrodes 322, as described in greater detail below. In
operation, ECU 312 may (1) obtain raw patch data (i.e.,
voltage readings) via filter 316 and A-to-D converter 314
and (2) use the raw patch data (in conjunction with electrode
measurements) to determine the raw, uncompensated, elec-
trode location coordinates of electrode 332 positioned inside
heart 336 or a chamber thereof in three-dimensional space.
ECU 312 may be further configured to perform one or more
compensation and adjustment functions, and to output a
location of electrode 332. Motion compensation may
include, for example, compensation for respiration-induced
patient body movement, as described in U.S. Pub. No.
2012/0172702 A1 to Koyrakh et al., which is hereby incor-
porated by reference in its entirety for all purposes.

Body surface patch electrodes 322 may be used to gen-
erate axes-specific electric fields within patient 338, and
more specifically within heart 336. Three sets of patch
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electrodes may be provided: (1) electrodes 322X1, 322X2,
(X-axis); (2) electrodes 322Y1, 322Y2, (Y-axis); and (3)
electrodes 32271, 32272, (7Z-axis). Additionally, a body
surface electrode (“belly patch”) 322B, may be provided as
an electrical reference. Other surface electrode configura-
tions and combinations are suitable for use with the present
disclosure, including fewer electrodes 322, more electrodes
322, or different physical arrangements, e.g. a linear
arrangement instead of an orthogonal arrangement.

Each patch electrode 322 may be independently coupled
to switch 318, and pairs of patch electrodes 322 may be
selected by software running on ECU 312 to couple patch
electrodes 322 to signal generator 320. A pair of electrodes,
for example the Z-axis electrodes 32271, 32272, may be
excited by signal generator 320 to generate an electrical field
in patient 338 of the patient and, more particularly, within
heart 336. In one embodiment, this electrode excitation
process occurs rapidly and sequentially as different sets of
patch electrodes 322 are selected and one or more of the
unexcited surface electrodes 322 are used to measure volt-
ages. During the delivery of the excitation signal (e.g.,
current pulse), the remaining (unexcited) patch electrodes
322 may be referenced to belly patch 322B and the voltages
impressed on these remaining electrodes 322 may be mea-
sured. In this fashion, patch electrodes 322 may be divided
into driven and non-driven electrode sets. Low pass filter
316 may process the voltage measurements. The filtered
voltage measurements may be transformed to digital data by
analog to digital converter 314 and transmitted to ECU 312
for storage (e.g. in memory 340) under the direction of
software. This collection of voltage measurements may be
referred to herein as the “patch data.” The software may
have access to each individual voltage measurement made at
each surface electrode 322 during each excitation of each
pair of surface electrodes 322.

The patch data may be used, along with measurements
made at electrode 332, to determine a relative location of
electrode 332. The patch data may also be used along with
measurements made at electrode 332 and/or other electrodes
on catheter 324, such as a tip electrode, or on another device
to determine a relative location of electrode 332 and/or the
other electrodes. The discussion above and below describes
determining the location of electrode 332, but it should be
understood to apply to a tip electrode and other electrodes,
as well. In some embodiments, potentials across each of the
six orthogonal patch electrodes 322 may be acquired for all
samples except when a particular surface electrode pair is
driven. In embodiments, sampling a voltage with a particular
patch electrode 322 while a surface electrode 322 acts as a
source or sink in a driven pair may be avoided, as the
potential measured at a driven electrode during this time
may be skewed by the electrode impedance and the effects
of high local current density. In an alternate embodiment,
however, sampling may occur at all patch electrodes 322,
even those being driven.

Generally, in an embodiment, three nominally orthogonal
electric fields may be generated by a series of driven and
sensed electric dipoles in order to determine the location of
catheter 324 (i.e., of eclectrode 332). Alternately, these
orthogonal fields can be decomposed and any pair of surface
electrodes (e.g., non-orthogonal) may be driven as dipoles to
provide effective electrode triangulation.

FIGS. 4A-4D show a plurality of exemplary non-orthogo-
nal dipoles, designated D0, D1, D2 and D3. In FIGS. 4A-4D,
the X-axis surface electrodes are designated XA and XB, the
Y-axis surface electrodes are designated YA and YB, and the
Z-axis electrodes are designated ZA and ZB. For any desired
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axis, the potentials measured across an intra-cardiac elec-
trode 332 resulting from a predetermined set of drive
(source-sink) configurations may be combined algebraically
to yield the same effective potential as would be obtained by
simply driving a uniform current along the orthogonal axes.
Any two of patch electrodes 322 may be selected as a dipole
source and drain, as noted above, with respect to a ground
reference, e.g., belly patch 322B, while the unexcited body
patch electrodes 322 measure voltage with respect to the
ground reference. Electrode 332 placed in heart 336 is also
exposed to the field from a current pulse, and voltages on
electrode 332 are individually and separately measured with
respect to ground, e.g., belly patch 322B.

Referring again to FIG. 3, data sets from each of patch
electrodes 322 and electrode 332 are all used to determine
the location of electrode 332 within heart 336. After the
voltage measurements are made for a particular set of driven
patch electrodes 322, a different pair of patch electrodes 322
may be excited by signal generator 320 and the voltage
measurement process of the remaining patch electrodes 322
and electrode 332 takes place. The sequence may occur
rapidly, e.g., on the order of one hundred times per second
in an embodiment. To a first approximation the voltage on
electrode 332 within heart 336 bears a linear relationship
with position between patch electrodes 322 that establish the
field within heart 336, as more fully described in U.S. Pat.
No. 7,263,397 referred to above.

Some or all of the conventional twelve (12) ECG leads,
coupled to additional body patches and designated collec-
tively by reference numeral 344, may be provided to support
the acquisition of an electrocardiogram (ECG) of the patient.
As shown, ECG leads 344 may be coupled directly to the
ECU 312 for acquisition and subsequent processing to
obtain the phase of the heart in the cardiac cycle. Cardiac
phase information may be used, in an embodiment, in
mapping of electrical activity of heart 336, as described
below.

In summary, FIG. 3 shows an exemplary system 310 that
employs seven body patch electrodes 322, which may be
used for injecting current and sensing resultant voltages.
Current may be driven between two patches 322 at any time.
Measurements may be performed between non-driven patch
322 and, for example, belly patch 322B as a ground refer-
ence. A patch bio-impedance, also referred to as a “patch
impedance”, may be computed according to the following
equation:

. Vi
BioZln —» m][k] =

where V, is the voltage measured on patchk and I __, is
a known constant current driven between patches n and m.
The position of electrode 332 may be determined by driving
current between different sets of patches and measuring one
or more patch impedances. In one embodiment, time divi-
sion multiplexing may be used to drive and measure all
quantities of interest. Position determining procedures are
described in more detail in, for example, U.S. Pat. No.
7,263,397 and U.S. Pub. No. 2007/0060833 Al referred to
above. To perform an electrophysiology (e.g., mapping)
procedure, distal end portion 326 of catheter 324 or multiple
such catheters 324 may be manually guided to a desired
location by a user such as a physician. In addition to
determining the positions of electrode 332, system 310 may
also be configured to assess the electrical activity of the



US 10,105,107 B2

11

heart. Accordingly, ECU 312 may be further configured to
perform one or more steps in one or more methods of
determining a voltage distribution on a cardiac surface.

As briefly mentioned above, ECU 312 is configured to
generate a three-dimensional (3D) surface geometry or 3D
model of heart 336. ECU 312 also shows the location of
electrode 332 relative to the 3D model of heart 336. ECU
312 additionally may output data relating to electrode 332
and the 3D model of heart 336 to MPS 224 (FIG. 2) so that,
for example, the locations of electrode 332 and position
sensor 226 can be shown relative to the image of moving
imager 218, as shown in FIG. 5.

FIG. 5 shows an exemplary computer display 500 that can
be connected to ECU 312 of FIG. 3, MPS 224 of FIG. 2, and
moving imager 218 of FIG. 2. Thus, display 500 may
comprise display 114 of FIG. 1 or display unit 216 of FIG.
2. Display 500 is used to show data to a user of system 100,
and to present certain options that allow the user to tailor
system configuration for a particular use. It should be noted
that the contents on the display can be easily modified and
the specific data presented is illustrative and not limiting of
the invention. Image panel 502 shows 3D model 504 of a
heart chamber generated by, for example, ECU 312. Image
panel 502 additionally shows image 506 of the heart cham-
ber generated by, for example, moving imager 218.

Catheter 121, position sensor 120 and electrodes 118A
and 118B are shown on 3D model 504 and image 506. With
respect to model 504 generated by system 104, data relative
to position sensor 120 generated by system 106 is synergized
with data relative to electrodes 118A and 118B generated by
system 104, for example. Likewise, with respect to image
506 generated by system 102, data relative to electrodes
118A and 118B generated by system 104 is synergized with
data relative to position sensor 120 generated by system 106,
for example.

3D model 504 and image 506 are simultaneously dis-
played in image panel 502. However, either of 3D model
504 or image 506 may be displayed individually. In FIG. 5,
3D model 504 is shown as a left atrium, but may comprise
any heart chamber such as a ventricle. Additionally, system
100 may be used to map other chambers or hulls of patient
113 (FIG. 1) that can be displayed on image panel 502 as a
3D model.

Display 500 also shows electrical activity of a heart of
patient 113 (FIG. 1), such as the voltages associated with
wave fronts 508. The electrical activity can also be shown as
ECG information 510. The particulars of 3D model 504 (e.g.
rotation, size, etc.), image 506 (e.g. loop, resolution, orien-
tation, etc.) and ECG information 510 (electrograms, QRS,
etc.) can be specified and/or changed at user panel 512.

3D model 504 comprises a collection of data points
gathered by electrodes 118A and 118B within patient 113,
and interpolated by controller 110. 3D model 504 includes
“isochrones” in false color (not shown) with guide bar 514,
which may also be represented as wave fronts (not shown)
on 3D model 504 in the same false color indicated by guide
bar 514. In the embodiment of FIG. 5, 3D model 504 and the
location of electrodes 118A and 118B may be generated
using catheter 121 in a similar fashion as was described with
reference to catheter 324 of FIG. 3.

Image 506 comprises an X-ray image of tissue of patient
113. In one embodiment, image 506 may comprise a live
fluoroscopic moving image. In another embodiment, image
506 may comprise a CINE, which is a recorded loop of a
short duration of live fluoroscopy encompassing, for
example, at least one cycle of a heartbeat. In one embodi-
ment, image 506 may include supplemental medical data,
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such as shading corresponding to guide bar 514 to show
wave fronts. In the embodiment of FIG. 5, image 506 may
be generated in a similar fashion as was described with
reference to moving imager 218 of FIG. 2. In the embodi-
ment of FIG. 5, the location of position sensor 120 may be
generated using catheter 121 in a similar fashion as was
described with reference to catheter 212 of FIG. 2.

System 100 is able to combine and synergize the output
of systems 102, 104, and 106 to obtain and display infor-
mation in a way that is not possible by the use of such
systems separately. Thus, not only can information from one
system by imported into a display of another system, the
combined information can be augmented with new infor-
mation only possible when the combined information is
synergized. For example, the location of position sensor 120
on model 504 is combined with the locations of electrodes
118A and 118B. Similarly, the locations of electrodes 118 A
and 118B on image 506 are combined with the location of
position sensor 120. Furthermore, the presence of catheter
121 in model 504 is synergized, as an artifact, with elec-
trodes 118A and 118B and position sensor 120. Artifacts and
other supplemental medical information, such as physiologi-
cal information, force information, pressure information and
the like, may be combined and synergized into data shown
on display 500 using the systems and methods described
herein.

The systems and methods of the present disclosure com-
bine and synergize information by, for example, improving
sampling rates, synchronizing processor clocks, resolving
sensor image outputs, and the like, as is discussed with
reference to FIG. 6. Combining and synergizing of infor-
mation pursuant to the present disclosure generates a display
that facilitates treatment and diagnosis of patient 113. For
example, the timing of information generated by systems
102, 104, and 106 is displayed contemporaneously so that
activity relating to position sensor 120 and electrodes 118A
and 118B can be observed simultaneously with ECG infor-
mation 510 and wave fronts 508. Additionally, the three
dimensional accuracy of model 504 can be resolved with the
two-dimensional image accuracy of image 506 to yield, for
example, better soft tissue definition in model 504. One way
of resolving the images is by projecting model 504 onto
image 506, fixing the projection boundaries according to the
resolution of image 506, and then imposing those fixes back
onto model 504. In another embodiment, several of images
506 taken at different orientations can be projected onto
model 504 in commensurate orientations. It is also possible
to perform clustering or segmentation algorithms on image
506 and on model 504, and then matching the projected
segments of image 506 to the segments in model 504.
Another way to improve model 504 is by projecting image
506 onto it. This enables a doctor or clinician to more
accurately evaluate information without having to guess or
mentally combine information.

In an embodiment, one or more of the steps of the
methods described below (e.g. with reference to FIG. 6) may
be performed by controller 108, controller 110, controller
112, MPS 224 or ECU 312 (e.g., embodied in computer
readable instructions stored in memory 40 and executed by
processor 42) to generate 3D model 504, image 506 and the
locations of electrodes 118A and 118B, and position sensor
120.

FIG. 6 is a flowchart diagramming one method of com-
bining and synergizing data according to the present disclo-
sure. As indicated by solid arrows, method 600 of the present
disclosure nominally relates to obtaining two inputs 602 and
604 from different medical systems, combining the inputs at
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step 606, and outputting synergized data on a display at step
608. Although described with respect to two inputs, the
method of the present disclosure contemplates synergizing
three or more inputs.

As indicated by dashed arrows in FIG. 6, combining the
data at step 606 nominally comprises identifying speed of
the relevant parameters of the inputs at step 610, synchro-
nizing clocks of the input medical systems at step 612,
accounting for sensor spatial accuracy at step 614, co-
registering coordinate systems of the input medical systems
at step 616, and generating supplemental data at step 618.
Displaying synergized data at step 608 involves outputting
the combined information in a unified display, as well as
showing other information not available from any single
system alone.

As indicated by dotted arrows in FIG. 6, in one embodi-
ment, synchronizing the clocks of the input medical systems
at step 612 comprises the steps of:

a) Determining if improvement of input parameters is
possible at step 620;

b) Interpolating or oversampling if possible at step 622;

¢) Determining the time periods of the input parameters at
step 624;

d) Determining a Time Input Limitation at step 626; and

¢) Determining a Synchronization Window at step 628.

By way of a primary example, medical system inputs 602
and 604 may comprise image data from imaging system 102
(FIG. 1), such as a fluoroscopic x-ray image, and location
data from mapping system 104 (FIG. 1), such as the location
of an impedance-based position sensor, respectively. Rel-
evant input parameters of step 610 comprise sampling rate,
sensor integration times, and other parameters dependent on
the time it takes to perform a function, e.g. process light for
an image input, process impedance data for a location input,
etc. In the primary example, imaging system 102 of FIG. 1
may have a sampling rate of approximately 30 Hz (cycles
per second), which translates to a sampling time of about 33
milliseconds, and may have a sensor integration time of
approximately 4 milliseconds. Also in the primary example,
mapping system 104 of FIG. 1 may have a sampling rate of
approximately 100 Hz, which translates to a sampling time
of about 10 milliseconds, and may have a sensor integration
time of approximately 4 milliseconds.

Table 1 provides a non-exhaustive, exemplary list of
medical systems that can be combined and synergized
according to the present disclosure. The approximate sam-
pling rate and sampling time (period) for various medical
systems are summarized in Table 1. Values listed in Table 1
are provided as examples for the sake of instruction and
actual values may be different. Sampling rates and various
other time-related parameters for the medical systems can be
stored in memory within, for example, ECU 312, Controller
112, or the like.

TABLE 1
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At step 620, the input parameters are evaluated to deter-
mine if improvements to the various rates can be made. In
the primary example, if imaging system 102 comprises an
x-ray generated image, it is not possible to interpolate
between images, but, the location of electrodes 118A and
118B in system 104 can be interpolated between raw data
points from the electrodes. However, since the sampling
time of imaging system 102 is already the slowest system,
improving the sampling time (decreasing the time between
samples) of mapping system 104 is not beneficial.

As another example, if data from a MediGuide system and
an EnSite system were to be synergized, it would be possible
to improve the data. When used together, a MediGuide
system has a slower period as compared to an EnSite system.
Thus, we could artificially increase the sampling rate of a
MediGuide system by, for example, interpolating the raw
data generated by the system. In one embodiment, a linear
interpolation technique is used to average two magnetic
position data points x, and x, at adjacent times t; and t, to
obtain an estimated magnetic position data point x(t-x,)/
(x,—x,) at time t, where t <t<t,. By interpolating data for the
MediGuide system, the sampling rate would increase and,
moreover, it could be matched to the EnSite system timing.
Thus, the sampling time for each of the systems could be
matched so that data is displayed together. For example, a
graph of sampled values could be displayed on a common
time axis, wherein the time axis will have a uniform spacing
according to the period of the EnSite system. Also, with
identical sample rates, the MediGuide system data and the
EnSite system data can be filtered in an identical manner.

Standard interpolation techniques may be used, such as
piecewise constant interpolation, linear interpolation, poly-
nomial interpolation and spline interpolation, at step 622.
Alternatively to interpolation, other methods may be used to
artificially increase the sampling rate of a system. For
example, oversampling or extrapolation methods could be
used. Suitable interpolation, oversampling and extrapolation
methods are known in the art.

Alternatively to improving data from the slowest system,
data from faster systems can be brought down to the lowest
common denominator by, for example, filtering the faster
systems to bring all data to the longer time.

After any data improvement techniques are performed,
the sampling time (period) for each input parameter is
determined for each system at step 624. This may simply
involve converting sampling rates to sampling times, as is
shown in Table 1. Next, the Time Input Limitation is
determined at step 626. The Time Input Limitation is simply
the slowest input parameter of the combined systems, e.g.
the input parameter that other systems would need to wait on
in order to provide simultaneous, real-time data. In the
described embodiment, the slowest system parameter (i.e.
longest period) is selected at step 626 to be the Time Input

Sampling Speeds of Various Medical Systems

TactiSys  WorkMate
System MediGuide X-Ray EnSite  Quartz Claris Ultrasound
Sampling Rate 100 (nominal) 30 (nominal) 100 50 200 42
(Hz) 30 (with EnSite) 60 (with CINE)
15 (with X-ray)
Period 10 (nominal) 33 (nominal) 10 20 3 23

33 (with Ensite)
67 (with X-ray)

(milliseconds) 17 (with CINE)
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Limitation. Continuing with the primary example, if imag-
ing system 102 has a sampling time of 33 milliseconds, and
mapping system 104 has a sampling time of 10 milliseconds,
33 milliseconds is the Time Input Limitation of integrated
system 100 (given integration times of 4 milliseconds for
both systems). In other examples, the integration time of a
sensor may be slower than the sampling rate and thus
comptise the Time Input Limitation.

By way of another example, three systems can be ana-
lyzed by adding a MediGuide system to the primary
example. In such a scenario, the MediGuide system sam-
pling rate would be 15 Hz, the X-Ray sampling rate would
be 60 Hz, and the EnSite system sampling rate would be 100
Hz. The associated sampling times would be 67 millisec-
onds, 17 milliseconds, and 10 milliseconds, respectively.
The MediGuide system takes the longest period of time to
obtain one data point or set of data points—it has the slowest
sampling rate. Thus, the Time Input Limitation would be 67
milliseconds from the MediGuide system.

The approximate Time Input Limitations for various
medical system pairings (i.e. two systems of Table 1) are
summarized in Table 2. Values listed in Table 2 are provided
as examples for the sake of instruction and actual values may
be different.

TABLE 2

10

15

20
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to, for example, the anatomy of patient 113—e.g. the beating
of a heart. In one example, using an NTP method, clock 126
from system 106 (MediGuide) could be used as the refer-
ence, Stratum 0 clock, while clock 122 from system 102
(X-ray) could be used as a Stratum 1 clock that is directly
synchronized to the Stratum O clock, and clock 124 from
system 104 (EnSite) could be used as a Stratum 2 clock
synchronized over a network with the Stratum 1 clock.

Data output from each system can be keyed to each other
to achieve synchronized output for as long as possible before
an additional resynchronization is needed to be performed.
Specifically, all computers that use crystal controlled clocks
will inherently have an accuracy to approximately 15 micro-
seconds. Thus, two systems will stay nominally synchro-
nized for the Time Input Limitation divided by the inherent
computer accuracy. The Time Input Limitation for the
primary example is 1700 microseconds (i.e. 17 millisec-
onds). Thus, 1700 divided by 15 equals approximately 113
seconds. Once synchronized, after approximately 113 sec-
onds, system 100 may become unsynchronized to an unac-
ceptable level. Thus, system 100 may undergo a time
re-synchronization procedure by repeating step 612 after
every 113 seconds.

Time Input Limitations (milliseconds)

MediGuide
10 TactiSys

33 (Ensite)  X-Ray  EnSite  Quartz  WorkMate Ultrasound
System 67 X-ray) 17 (CINE) 10 20 Claris 5 23
MediGuide 335 17 10 5 125
10
33 (Ensite)
67 (X-ray)
X-Ray 335 85 10 8.5 125
17 (CINE)
EnSite 17 8.5 10 5 125
10
TactiSys 10 10 10 10 125
Quartz
20
WorkMate 5 8.5 5 10 125
Claris 5
Ultrasound 125 12.5 125 12.5 12.5
23

Generally, it is desirable that system 100 stay synchro-
nized within one period of the Time Input Limitation. In one
embodiment, the period of the Time Input Limitation is cut
to a common devisor, such as one-half, one-quarter, one-
tenth, etc., to determine the Synchronization Window at step
628 for any two paired systems. Thus, for the primary
example, in order to ensure that each system stays synchro-
nized for an acceptable amount of time, the Synchronization
Window for the Time Input Limitation is set to approxi-
mately 17 milliseconds (~33 milliseconds+2).

At step 612, clocks 122, 124, and 126 (FIG. 1) are
synchronized based on the Time Input Limitation and Syn-
chronization Window so that a common global time is
obtained. Common time synchronization methods can be
used, such as Cristian’s algorithm, Network Time Protocol
(NTP) methods, and Precision Time Protocol (PTP) meth-
ods. Such methods are employed to begin the data collection
process with each system at the same time so that different
types of data generated by the different systems can be
matched to a real time, universal timescale that corresponds

60

6

<

Step 610 resolves the sampling rates, such as by compar-
ing and improving time periods, between different systems
to determine how often the clocks must be re-synchronized
at step 612. Furthermore, at step 610, the integration rates of
sensors for the inputs at 604 and 606 can be resolved in a
manner similar to how the sampling rates were resolved. In
other embodiments, radiation detection sensor 238 may be
used to synchronize the clocks between the first and second
systems. For example, if system 102 comprises an X-ray
system, another complimentary system will be able to tell
exactly when radiation is being emitted and when the
associated image is generated such that medical information
gathered by the complimentary system can be located on the
image at the correct point in time.

After clocks 122, 124, and 126 (FIG. 1) are synchronized,
other input parameters of systems 102, 104, and 106 can be
considered and accounted for. For example, at step 614, the
accuracy of each sensor used in each system can be evalu-
ated to determine if artificial improvement can be made. In
particular, the spatial (2D and 3D) resolution of each sensor
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can be considered. The sensors output can be linearly
interpolated to artificially increase the resolution of one
sensor to match the resolution of another sensor. For
example, the high resolution of 2D x-ray image 506 can be
used to increase the relatively low resolution of 3D model
504 (FIG. 5), thereby improving display of soft tissue.
Conversely, the spatial information form 3D model 504 can
be used to increase the perceived depth of 2D x-ray image
506 (FIG. 5). Common techniques can be used to increase
sensor resolution, such as sub-pixel resolution techniques
and superresolution techniques.

At step 616, the native coordinate systems for systems
102, 104, and 106 are co-registered into a combined, uni-
versal coordinate system so that images and models gener-
ated by the various systems can be displayed in a single or
combined view. For example, co-registering of the coordi-
nate systems allows position sensor 120 to be placed accu-
rately within model 504, and electrodes 118A and 118B to
be accurately placed in image 506. Co-registering tech-
niques that can be used with the present systems and
methods are described in U.S. Pub. No. 2012/0265054 A1 to
Olson and U.S. Pub. No. 2008/0221425 A1 to Olson et al.,
both of which are hereby incorporated by reference in their
entirety for all purposes.

At step 618, supplemental data, such as any artifacts or
additional information, is synergized with the combined data
from systems 102, 104, and 106. Artifacts may comprise any
structural components that are desired to be displayed with
model 504 and/or image 506. In particular, the locations of
position sensor 120 and electrodes 118A and 118B are
known in their native coordinate systems. The location of
another component relative to a known component (position
sensor 120 or electrodes 118A and 118B) can be determined
using either a) the other coordinate systems, or b) calculating
the approximate location of the other component from the
known location. For example, with reference to FIG. 5, the
location of the shaft of catheter 121 can be generated in
model 504 based on a) the location of catheter 121 in image
506 [e.g. using the system 102 coordinate system co-
registered with the system 104 coordinate system], or b) the
location of electrodes 118A and 118B [e.g. using only the
system 104 coordinate system| and rendering the catheter
shaft therefrom. Thus, the shaft of catheter 121 can be shown
in image 506 moving with the heart using the sampling rate
of position sensor 120, despite electrodes 118 A and 118B not
having accuracy and a sampling rate that matches that of
image 506 and magnetic position sensor 120.

At step 608, information synergized by system 100 and
the methods described herein are displayed for viewing by
a user of system 100. For example, the data is shown on
image panel 502 of display 500. As such, the user is able to
rapidly visualize, assimilate and evaluate presented infor-
mation.

Although the disclosure has been written with reference to
particular medical systems. Almost any type of medical
system can be used with the methods and systems described
herein. For example, electrophysiological recording sys-
tems, cardiac stimulators, optical coherence tomography
systems, pressure measurement systems, ultrasound sys-
tems, and the like may be combined and synergized into a
single system and output. For example, additional informa-
tion, such as cardiac stimulus feedback, can be displayed
directly on model 504 or image 506. Specifically, cardiac
stimulus feedback from a cardiac stimulator may be shown
on display 500 either as separate ECG information, such as
ECG information 510, or as wave fronts directly on model
504 as the model is shown beating. One example of a cardiac
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stimulator suitable for combining and synergizing according
to the present disclosure is described in U.S. Pub. No.
2005/0131473 Al to Gordon et al., which is hereby incor-
porated by reference in its entirety for all purposes. One such
recording system is the WorkMate™ Claris™ Recording
System commercially available from St. Jude Medical, Inc.

One example of an electrophysiological recording system
suitable for combining and synergizing according to the
present disclosure is described in U.S. Pat. No. 8,406,875 to
Levin et al., which is hereby incorporated by reference in its
entirety for all purposes. One example of an optical coher-
ence tomography system suitable for combining and synet-
gizing according to the present disclosure is described in
U.S. Pat. No. 8,478,384 to Schmitt et al., which is hereby
incorporated by reference in its entirety for all purposes. In
another embodiment, as discussed with reference to FIG. 7,
ablation data and force data from a force-sensing, magnetic-
positioning-sensor-enabled catheter can be combined into an
X-ray image.

FIG. 7 is an exemplary display screen 700 showing
force-sensing catheter 702 being synergized with ablation
data 704 in fluoroscopic image 706. Force-sensing catheter
702 includes shaft 708, ablation tip 710, and position
electrodes 712. Ablation data 704 includes force icon 714,
force graphical data 716, and ablation icon 718. Fluoro-
scopic image 706 shows interior surface 720, exterior sur-
face 722, and back wall 724 of tissue 726, such as a heart
wall.

Image 706 may comprise an X-ray image as may be
generated using system 102 of FIG. 1 or moving imager 118
of FIG. 2. As such, image 706 may show a plane view with
an accurate representation of heart wall 718, but in which it
may be difficult to decipher the depth of wall 718, such as
to back wall 724.

Ablation tip 710 may include a MediGuide enabled
sensor, such as sensor 226 of FIG. 2, as is described in the
aforementioned U.S. Pat. No. 8,641,705 to Leo et al. As
such, a medical system is able to show the position of
ablation tip 710 on image 606. Electrodes 712 may comprise
electrodes similar to electrodes 118A and 118B from FIG. 1
and thus may be synergized into image 706 as previously
described. Similarly, the location of shaft 708 may be
determined based on the location of ablation tip 710 and
electrodes 712 and synergized into image 706.

Ablation tip 710 generates graphical data 716, which is
described in the aforementioned patent to Leo et al. Graphi-
cal data 716 provides a temporal indication of the magnitude
of the force with which ablation tip 710 is being applied
against tissue 718. Icon 714 provides a visual indication of
the magnitude of the force. For example, icon 714 may
become darker as more force is applied and may change
shape to signify orientation of ablation tip 710. Icon 714 and
graphical data 716 are generated using the same system that
generates the position of ablation tip 710, and therefore are
displayed in real time in synchronicity with the position of
ablation tip 710. Ablation icon 718 provides a visual repre-
sentation of the magnitude (e.g. depth) of tissue ablated with
ablation tip 710. Generation of ablation icon 718 is
described in the aforementioned patent to Leo et al.

The location of electrodes 712 and the image of heart wall
718 are generated using different systems than that used to
generate icon 714, graphical data 716, and ablation icon 718.
One method for incorporating position information within a
volumetric rendering that can be used with the present
disclosure is described in U.S. Pub. No. 2012/0169712 Al to
Hill et al., which is hereby incorporated by reference in its
entirety for all purposes. However, the real time rendering of
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electrodes 712, and heart wall 718 within display screen 700
may lead or lag the generation of icon 714, graphical data
716, and ablation icon 718 depending on the rate at which
those systems gather and display the data. However, in order
for a user of the information presented in icon 714, graphical
data 716, and ablation icon 718 to correlate it to the position
of catheter 708 and tissue 726, it should be presented
contemporaneously. For example, it is beneficial for a doctor
or clinician to be able to see tissue 726 move within image
706 at the same time icons 714 and 718 are generated. Thus,
the systems and methods of the present invention are
employed to synergize the display of catheter 708, ablation
tip 710, tissue 726, and ablation data 704.

The systems and methods described herein allow output
from disparate medical systems to be integrated into a single
medical system. As has been described above, such integra-
tion is useful for visually assimilating information to better
diagnose, asses, and treat various medical conditions.

Thus, the intended use of the information being combined
determines how close the systems need to be synchronized.
For example, consider combining information from only a
MediGuide system and an Ensite system. If you are only
interested to know the general region of the heart where a
catheter is located, then you might not need very precise
synchronization because the physician moves the catheter
relatively slowly. If MediGuide system data indicates that a
catheter moves instantly, but EnSite system data shows the
catheter moving only after a delay of, for example two
seconds, it might still be perfectly acceptable. But, if you
have an automated computer algorithm that is continuously
comparing the location determined by a MediGuide system
to the location determined by an EnSite system in order to
initialize some kind of transformation formula between the
two tracking systems, then this algorithm would get com-
pletely disrupted when it detects on the MediGuide system
that the catheter moved, but there is no movement on the
EnSite system yet. In view of these two scenarios, the
systems and methods of the present disclosure can be
adjusted to accommodate different situations and the need
for different Time Input Limitations and Synchronization
Windows.

As an example of the above situation, if it is desirable to
synchronize all systems to within one order of magnitude
(approximately ten times) of accuracy with respect to the
length of time of a heart phase, then all systems need to
have:

an integration time smaller than Yio of the heart cycle

time;

a phase value accuracy better than 1o of the heart cycle

time;

a synchronization accuracy better than Yo of the heart

cycle time; and

a sample rate faster than Yo of the heart cycle time or

interpolation between sampling to reduce phase-value-
accuracy by less than V1o of the full heart cycle.

Various embodiments are described herein to various
apparatuses, systems, and/or methods. Numerous specific
details are set forth to provide a thorough understanding of
the overall structure, function, manufacture, and use of the
embodiments as described in the specification and illustrated
in the accompanying drawings. It will be understood by
those skilled in the art, however, that the embodiments may
be practiced without such specific details. In other instances,
well-known operations, components, and elements have not
been described in detail so as not to obscure the embodi-
ments described in the specification. Those of ordinary skill
in the art will understand that the embodiments described
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and illustrated herein are non-limiting examples, and thus it
can be appreciated that the specific structural and functional
details disclosed herein may be representative and do not
necessarily limit the scope of the embodiments.

Although a number of embodiments have been described
above with a certain degree of particularity, those skilled in
the art could make numerous alterations to the disclosed
embodiments without departing from the sprit or scope of
this disclosure. For example, all joinder references (e.g.,
attached, coupled, connected, and the like) are to be con-
strued broadly and may include intermediate members
between a connection of elements and relative movement
between elements. As such, joinder references do not nec-
essarily infer that two elements are directly connected and in
fixed relation to each other. It is intended that all matter
contained in the above description or shown in the accom-
panying drawings shall be interpreted as illustrative only and
not limiting. Changes in detail or structure may be made
without departing from the spirit of the invention as defined
in the appended claims.

Any patent, publication, or other disclosure material, in
whole or in part, that is said to be incorporated by referenced
herein is incorporated herein only to the extent that the
incorporated materials does not conflict with existing defi-
nitions, statements, or other disclosure material set forth in
this disclosure. As such, and to the extent necessary, the
disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Ref-
erence throughout the specification to “various embodi-
ments,” “some embodiments,” “one embodiment,” or “an
embodiment,” or the like, means that a particular feature,
structure, or characteristic described in connection with the
embodiment is included in at least one embodiment. Thus,
appearances of the phrases “in various embodiments,” “in
some embodiments,” “in one embodiment,” or “in an
embodiment,” or the like, in places throughout the specifi-
cation are not necessarily all referring to the same embodi-
ment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in
one or more embodiments. Thus, the particular features,
structures, or characteristics illustrated or described in con-
nection with one embodiment may be combined, in whole or
in part, with the features structures, or characteristics of one
or more other embodiments without limitation given that
such combination is not illogical or non-functional.

What is claimed is:

1. A method for combining and synergizing data from
different medical systems, the method comprising the fol-
lowing:

Obtaining, by an electronic control unit (ECU) compris-
ing a processor, from a first medical system an image
disposed relative to a first coordinate system;

Obtaining, by the ECU, from a second medical system
supplemental data;

synchronizing, by the ECU, first and second clocks of the
first and second medical systems, respectively;

interpolating, by the ECU, an image accuracy value of the
first medical system with a three dimensional accuracy
value of a sensor of the second medical system;

receiving, by the ECU, the image and supplemental data
by a third medical system that displays in synchronicity
the supplemental data combined with the image in
real-time, the third medical system including a mag-
netic position sensor to generate magnetic-based loca-
tion data relative to a third coordinate system; and

displaying in synchronicity, by the ECU, the supplemental
data combined with the image.

2
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2. The method of claim 1, further comprising resolving,
by the ECU, an integration time for the image of the first
medical system with an integration time of the supplemental
data from the second medical system.

3. The method of claim 1, wherein the supplemental data
comprises a least one of physiological data, electrocardio-
gram data, imaging data and bio-mechanical data.

4. The method of claim 1, wherein the supplemental data
comprises location data and wherein the second medical
system comprises an impedance-based location sensor and
generates supplemental data comprising impedance-based
location data relative to a second coordinate system, wherein
the magnetic-based location data from the third medical
system is co-registered with location data from the second
medical system.

5. The method of claim 4, further comprising co-regis-
tering, by the ECU, the first, second, and third coordinate
systems of the first, second, and third medical systems,
respectively.

6. The method of claim 4, wherein the impedance-based
location data from the second medical system is used to
generate, by the ECU, an artifact relative to the magnetic-
based location data from the third medical system.

7. The method of claim 6, wherein the artifact comprises
a representation of at least one of:

(a) a shaft of an elongate medical device overlaid onto the
image in relation to a sensor of the third medical
system; and

(b) an electrode of a catheter overlaid onto the image in
relation to the sensor of the third medical system.

8. The method of claim 1, wherein the second medical

system comprises at least one of:

(a) a force-sensing catheter, wherein the supplemental
data associated with the force-sensing catheter includes
force-related data; and

(b) an optics-based sensing catheter, wherein the supple-
mental data associated with the optics-based sensing
catheter includes blood pressure data.

9. The method of claim 1, wherein synchronizing the first

and second clocks comprises at least one of:
(a) using at least one of a network time protocol (NTP)
synchronizing scheme, a precision time protocol (PTP)
synchronizing scheme, and Cristian’s algorithm; and
(b) synchronizing time data resolution from the first and
second medical systems.
10. A system for combining and synergizing data from
different medical systems, the system comprising the fol-
lowing:
a computing device comprising a data input interface, a
data output interface, processor, and memory, the
memory storing computer-readable instructions that,
when executed by the processor, cause the processor to
execute the following processes:
obtain from a first medical system an image disposed in
a first coordinate system through the data input
interface;

obtain from a second medical system supplemental data
through the data input interface;

obtain location data from the second medical system,
the location data being relative to a second coordi-
nate system from an impedance-based location sen-
sor, and transmit data to the data output interface for
displaying location sensor information in synchron-
icity with the image;

obtain location data from a third medical system, the
location data being relative to a third coordinate
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system from a magnetic position sensor, and transmit
data to the data output interface for displaying posi-
tion sensor information in synchronicity with the
image;

use an image accuracy value of a first sensor of the first
medical system with a three dimensional accuracy
value of a second sensor of the second medical
system;

synchronize first and second clocks of the first and
second medical systems, respectively; and

transmit data to the data output interface for displaying
in synchronicity the supplemental data combined
with the image.

11. The system of claim 10 wherein the instructions
further cause the processor to execute the following process:

use an integration time for the image of the first medical
system with an integration time of the supplemental
data from the second medical system.

12. The system of claim 11 wherein the instructions
further cause the processor to execute the following process:

co-register the first, second, and third coordinate systems
of the first, second, and third medical systems, respec-
tively; and

generate an artifact in the image relative to location data
from the first, second and, third coordinate systems.

13. A system for synergizing data from different medical
systems, the system comprising the following;

a first medical device configured to generate medical
information correlated to a first time scale; and

a medical positioning system comprising the following:

a catheter configured to generate position data of a
sensor relative to a magnetic coordinate system and
a second time scale, wherein the magnetic coordinate
system comprises a magnetic position sensor;

circuitry configured to receive the position data, the
medical information, and imaging data from an
imager relative to an optical coordinate system and a
third time scale, and further configured to synchro-
nize the first, second, and third time scales and use
two-dimensional spatial accuracy of the imaging
data from a first sensor with three-dimensional spa-
tial accuracy of the position data; and

a display unit configured to display real-time, time-
synchronized imaging data, location data, and medi-
cal information.

14. The system of claim 13 wherein the circuitry is further
configured to use at least one of:

(a) sensor integration times of the first medical device, the
catheter, and the imager.

15. The system of claim 13, wherein the first medical
device comprises an x-ray imaging system, and the medical
positioning system further comprises a radiation detection
sensor, wherein the circuitry is configured to determine
when the first medical device is activated using the radiation
detection sensor in order to synchronize the medical infor-
mation with the position data.

16. The method of claim 1, wherein the image accuracy
value of the first medical system is used to adjust the three
dimensional accuracy value of the sensor of the second
medical system.
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