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composite arrhythmia waveform to diagnose the arrhythmia focus.
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SYSTEM AND METHOD FOR ARRHYTHMIA DIAGRNOSES

FIELD OF THE INVENTION
The present invention 15 of a system and method for arrhythmia diagnosis and

in particular, such a system and method that significantly umproves the arrhythmia

@)

focus diagnostic process.

ACKGROUND OF THE INVENTION
Pace mapping 1s frequently used in clinical practice as a means for diagnosing

10 ventricular arrhythmia focus. The method of diagnosis generally includes the
following steps: A patient 15 diagnosed with arrhythinia from an electrocardiogram
{(ECG) recorded using a recorder in a clinic, or from a wearable heart
monitor/recorder worn for a specified period of time.

The patient is then invited to an electrophysiology lab (EP [ab) or clinic where

15 they are connected to a lab ECG. The output ECG is monitored till the previously
diagnosed arrhythmia takes place again. It it does, then the ECG waveform observed
during arrhythnia is used as a template and is mapped against an ECG waveform
recorded while performing pace mapping using a pacer catheter to pace different areas
of the heart. Pacer catheter may also be referred to as a roving or EP catheter.

20 Current computerized comparison systerns include, for example, the PaSo module in
the CARTO mapping system manufactured by Biosense Webster® or other similar
systerns from different manufacturers. The pace mapping continues until the focus is
diagnosed when the paced and template waveforms overlap to a high percentage (90-
95%).

25 If the diagnosed arrhythmia does not occur spontaneously, attemipts will be
made to induce the arrhythmia using drugs such as catecholamine and/or cardiac
stimulation.  However, even with these measures, tn as many as 20% of cases the
diagnosed arrhythnia will not occur in the EP lab. There are several possible reasons
why arrhythmia does not occur in the EP lab including: the intermittent nature of the

30  arrhythmia; the limited time available for the procedure per patient; arrhythmia
occurrence 18 only with particular triggers such as exercise, meals, smoking etc;

sedation of the patient during the procedure prevents arrhythmia; and difficulty with

recognition of the “donunant” or "clinically relevant" arrhythmia type with small
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amounts of arrhythmia, multiple wavetforms, and "artificial " arrhythmia caused by
catheter movernent within the heart. When arthythmia does not occur or cannot be
reproducibly induced, the procedure is abandoned.

The procedure as used today is now described in more detail.  Reference is
made to figures 1A and 1B which are respectively a schematic system diagram and a
flow diagram showing a prior art system and method for diagnosis of the arrhythmia
focus. Asiunfigure 1B, in stage | electrode stickersi02 are affixed to a patient. These
are then connected to electrode cables 103 of a wearable recorder 104, Electrode
cables rnay also be referred to as leads or wires. The wearable recorder 104 may also
be referred to as a Holter, Holter monitor, Loop recorder, Event recorder or
arnbulatory electrocardiography device. Wearable recorders 104 currently used in the
art typically have one to three cables 103,

Additionally, in stage 1, the recorder 104 records heart activity as an
electrocardiograph (ECG) waveform 100 for an extended period of time typically
varying between 24 hours and 4 weeks. Recorder 104 comprises filters 107 for
filtering out noise and enhancing the output WF 106, The recording may either be
constant or may be intermittent. Intermittent recording i1s generally patient-initiated
wherein the patient usually presses a button or otherwise interacts with the recorder to
indicate that a cardiac event is occurring and to start a recording period.

While wearing the recorder 104, the patient 15 outside the electrophysiology
{EP) lab and goes about daily activities. EP Lab as used herein may refer to any clinic
or hospital facilities where invasive arrhythmia diagnosis and therapy 1s performed.
The output of recorder is herein referred to as wearable ECG waveform (WFE) 106
ECG WF 106 1s stored in recorder 104 on a recording medium, typically flash
memory.

Once sufficient data has been gathered or after a defined period of analysis,
electrodes 103 and electrode stickers 102 are removed from the patient and the
recorder 104 is returned to the clinic for analysis. The ECG waveform 106 is then
analyzed, optionally using ECG analysis software to detect arrhythmia patterns. In
stage 2, tollowing such analysis, the identified arrhythmia patterns are reviewed and a
clinical diagoosis of arrhythmia is made. In some cases it will be determined that the
arrhythmia requires further invasive diagnosis and potentially ablation in the EP lab.

Having made a clinical diagnosis of arrhythmia requiring invasive diagnosis,

A
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the patient will now return to the EP lab for diagnosis of the arrhythmia focus within
the heart, with an intention to perform curative therapy by ablation (cauterization). In
stage 3, electrode stickers 110 are affixed to the patient and electrode cables 111 of
EP lab recorder 112 are attached to stickers 110, EP lab recorders 112 as used in the
art typically use twelve stickers 110 and ten cables 111, EP lab recorder 112 produces
EP lab electrocardiogram (ECG) waveform 114, Lab recorder 112 comprises filters
113 for filtering out noise and enhancing the output WF 114. Filters 113 are different
to filters 107 and are configured differently. ECG waveform 114 1s provided to pace
mapping system 120, Systern 120 comprises a visual display (not shown) for viewing
the fab ECG waveform 114 of recorder 112.

In stage 4, ECG waveform 114 is analyzed within system 120 for detection of
an arrhythmia event as observed in the analysis of wearable ECG WF 106, As above,
this event may not occur spontaneously and, at stage 5, if arrhythmia is not detected,
attempts will be made at stage 6 to induce arthythmia. These attempts will continue
and stages 4, 5, and 6 will be repeated until arrhythmia as previously detected is
observed. If the arrhythinia is not observed after significant efforts or if no further
time is available, as in stage 6A the procedure will be abandoned.

In stage 7, if arrhythmia as previcusly detected in ECG WF 100 is observed in
EP lab ECG waveform 114 on mapping system 120, the observed arrhythmia
waveform is defined as a template waveforrn 122 for mapping. In stage 8, pace
mapping is now performed by probing areas of the heart with pacer catheter 130
ECG waveform 114 is now used by system 120 to provide paced wavetorm 124
which changes as pacer catheter 130 is moved to different positions. Paced waveform
124 1s compared to arrhythmia template waveform 122 until the arrhythmia focus is
determined at stage 9. Curative therapy by ablation may then be performed.

As shown, the current method requires repeated arthythmia diagnosis (first of
the wearable WF 100 and then again with laby WF 114), is unduly complicated and
unpredictable, particularly in stages 3-6, and more importantly, may result in a failure
to diagnose the arrhythinia focus (stage 6A) resulting in medical danger to the patient
as well as frustration of clinical staff. Current methods and systems also do not
enable use of the wearable waveform 106 in the pace mapping systern 120 as it is
based on fewer leads, is not accurate enough, and relies on different filters. Further

there 1s no method for importing waveform 106 into system 120
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Thus, there is an urgent need for a solution that streamlines the arthythmia
focus diagnostic process and that sigmificantly increases the probability of diagnosing

the arrhythmia focus.

SUMMARY OF THE INVENTEON

The present invention overcomes the deficiencies of the background art by
providing a system and method for umproving the arrhythmia focus diagnostic
process. The present invention aims to prevent the situation as described above with
the prior art where arrhythmia that is diagnosed outside of the EP cannot be replicated

10 inside the EP lab.

This 1s achieved by using the ECG waveform from a specially adapted
wearable monitor and providing an analyzer computer or software module that can
import this waveform, for use in defining an arrhythmia template for the patient based
on an arrhythmia event or events that have occurred outside the EP lab while wearing

15 the wearable monitor.

Further, once the arthythmia template is defined it can be imported into the
pace mapping system. Either the analyzer is adapted to export the temaplate in a format
that the pace mapping system can utilize (when the analyzer is a separate computer),
or the analyzer is a software module that is part of the pace mapping system and this

20 software module can provide the template to the mapping module of the pace
mapping system.

To ensure that the ECG waveform from the wearable monitor and the
waveform from the EP lab ECG monitor are compatible, the electrode sticker position
must be the same. Therefore, either the electrode stickers are left in positon affixed to

25  the patient or their position is marked so that stickers in the EP lab can be affixed to
the same positions. Additionally, the same filters and settings used in producing the
wearable ECG waveform must be used to produce the EP lab ECG waveform.

Once the template i1s imported, pace mapping can be performed using a
catheter to probe points in the heart of the patient until a match with the teroplate 13

30  found (based on the output of the output of the EP lab ECG monitor) and the
arrhythmia focus is thus determined. Curative ablation or other therapy may then be
performed.

Therefore by providing a system and method for importing the ECG with the
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arrhythmia detected outside the EP lab, the situation as described in the introduction,
where the arrhythmia cannot be duplicated in the EP lab, 1s remedied. Further, the
process is simplified as shown further below.

According to some embodiments of the present invention, a method for
electrode stickers to a patient; providing a wearable monitor and connecting the
stickers to a wearable monttor; monitoring the patient by the wearable monitor for a
monitoring period to produce a wearable ECG waveform; disconnecting the wearable
monitor from the stickers while leaving the stickers affixed to the patient; providing a
waveform analyzer running on a computer; defining an arrhythmia template
waveform by the wavetorm analyzer from the wearable ECG wavetorm; providing an
EP lab ECG recorder and connecting the stickers to the EP lab ECG recorder; pacing
the heart of the patient using a pacing electrode; and comparing the paced ECG
waveform provided by the EP lab ECG recorder with the template waveform to
diagnose the arrhythmia focus.

Preferably the plurality of electrode stickers comprises up to ten stickers.
Preferably the wearable monitor comprises a plurality of electrode cables and the
cables are used for the connecting the stickers to the wearable monitor. Preferably the
plurality of electrode cables comprises up to 12 electrode cables for recording up to a
12 channel ECG. Preferably the wearable ECG waveform is stored on the wearable
monitor. Opticnally the wearable ECG waveform is stored in a format selected from
the group consisting of SCP-ECG, DICOM-ECG, and HL7 2aECG.

Preferably the ECG waveform comprises up to twelve channels. Preferably
the wearable monitor filters the signal received from the electrode stickers using
filters. Optionally, the filters are selected from the group consisting of low pass, high
pass, band pass, notch filters and a combination of the above and the filters have
settings that can be configured. Optionally the monitoring period is at least 72 hours.

Preferably the method further comprises importing the wearable ECG
waveform into the analyzer and wherein the importing comprises connection of one of
the recorder or recorder media to the analyzer by at least one of wireless or wired
connection.  Preferably the avalyzer is adapted to process the wearable ECG
waveform. Preferably, the recorder stores the wearable ECG WF in a storage format

that can be processed by the analyzer. Optionally the analyzer comprises a translation
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module and translates the wearable ECG waveform into a format that it can process
using the translation module. Preferably the comparing of the paced ECG waveform
with the template waveform is performed by a pace mapping system running on a
computer. Optionally the pace mapping system and the analyzer run on the same
computer. Preferably the method further comprises importing the template waveform
into the pace mapping system and wherein the method of the importing the template
waveform is selected from the group consisting of? adapting the template waveform to
a file format that can be used by the pace mapping system and importing the file into
the pace mapping system; connecting the analyzer to the pace mapping system via the
ECG input port of the pace mapping system and mimicking by the analyzer the signal
that an ECG device would provide to the port; adapting the template waveform to an
image file format that can be used by the pace mapping system and importing the file
into the pace mapping system; and a combination of the above.

Preferably the template waveform is stored in the internal storage of the pace
mapping systern. preferably the EP lab recorder comprises a plurality of electrode
cables and the cables are used for the connecting the stickers to the EP lab recorder.
Preferably the EP lab recorder comprises EP lab recorder filters and wherein the EP
fab recorder filters are the same as the filters and are configured with the same filter
settings. Preferably the EP lab recorder records up to 12 channels. Preferably the
defining an arthythmia template waveform by the waveform analyzer requires
interaction with the analyzer by an operator.

According to some embodiments of the present invention, a system for
diagnosing arthythmia focus in the heart of a patient comprises: electrode stickers for
affixing to a patient; a wearable ECG monitor with cables for connecting to the
stickers and adapted to record a wearable ECG waveform; a waveform analyzer
running on a computer adapted for defining an arrhythmia teraplate waveform from
the wearable ECG waveform; an EP lab ECG recorder with cables for connecting to
the stickers and adapted to record a pacing ECG waveform; and a pace mapping
system running on a computer comprising a pacing electrode for pacing the heart of
the patient; wherein the pacing ECG waveform is compared with the template
wavetorm to diagnose the arthythmia focus.

Preferably the wearable monitor comprises recording media and wearable

ECG waveform is stored on the recording media. Optionally the wearable ECG

&
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waveform is stored in a format selected from the group consisting of SCP-ECG,
DICOM-ECG, and HL7 aBECG. Preferably the wearable ECG wavetorin comprises
up to twelve channels. Preferably the wearable monitor comprises filters for filtering
the signal received from the electrode stickers. Optionally the filters are selected from
the group consisting of low pass, high pass, band pass, notch filters and a combination
of the above and have setting that can be configured.

Preferably the analyzer comprises at least one of a wireless or wired
connection for connecting the wearable recorder or recorder media to the analyzer.
Optionally the analyzer comprises a translation module for translating the wearable
ECG wavetorm into a format that it can process. Optionally the pace mapping system
and the analyzer run on the same computer. Preferably the EP lab recorder comprises
EP lab recorder filters and wherein the EP lab recorder filters are the same as the
filters and are configured with the same filter settings. Preferably the EP lab recorder
records up to 12 channels.

According to some further embodiments of the present invention, a method for
diagnosing arrhythimia focus n the heart of a patient comprises: affixing a plurality of
electrode stickers to a patient; providing a wearable monitor and connecting the
stickers to a wearable monitor, monitoring the patient by the wearable monitor for a
monitoring period to produce a wearable ECG waveform; disconnecting the wearable
monitor from the stickers and marking the positions of before removing the stickers
from the patient; providing a waveform analyzer running on a computer; importing
the wearable ECG waveform into the waveform analyzer; defining an arrhythmia
template waveform from the wearable ECG waveform, affixing a plurality of
electrode stickers to a patient in the positions previously marked on the patient;
providing an EP lab ECG and connecting the stickers to the EP lab ECG; pacing the
heart of the patient using a pacing electrode; and comparing the paced ECG waveform
provided by the EP lab ECG with the template waveform to diagnose the arthythmia
focus.

According to further embodiments of the present invention, a systern for
diagnosing arrhythmia focus in the heart of a patient comprises: affixing a plurality of
electrode stickers to a patient, providing a wearable monitor and connecting the
stickers to a wearable monitor; monitoring the patient by the wearable monitor for a

monttoring period to produce a wearable ECG waveform; providing a waveform
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analyzer running on a computer; importing the wearable ECG waveform into the
waveform analyzer; defining an arrhythmia template wavetform from the wearable
ECG waveform; pacing the heart of the patient using a pacing electrode; and
comparing the paced ECG waveform provided by the wearable monitor with the
template waveform to diagnose the arrhythmia focus.

According to further embodiments of the present invention a method for
diagnosing arrhythimia focus n the heart of a patient comprises: affixing a plurality of
electrode stickers to a patient; providing a wearable monitor and connecting said
stickers to a wearable monitor; monitoring the patient by said wearable monitor for a
monitoring period to produce a wearable ECG waveform; disconnecting said
wearable monitor from said stickers while performing at least one of: leaving said
stickers affixed to the patient; or marking the positions of said stickers before
removing said stickers; defining a composite arrhythmia waveform from said
wearable ECG waveform; providing an EP lab ECG recorder and performing at least
one of: connecting said stickers to said EP lab ECG recorder; or connecting a second
set of stickers to said EP lab ECG recorder wherein said second set of stickers are
positioned on the marked positions; pacing the heart of the patient using a pacing
electrode; and comparing the paced ECG waveform provided by said EP lab ECG
recorder with said composite arrhythmia waveform to diagnose the arrhythmia focus.

Preferably the method further comprises providing a wavetform analyzer and
wherein said composite arrhythmia waveform is defined using said analyzer.
Preferably said composite arrhythnia waveforro comprises at least one arrhythmia
waveform detected in wearable ECG waveform. Preferably detecting said at least one
arrhythmia wavetorm comprises at least one of' said analyzer automatically detecting
said at least one arrhythmia WEF, an operator of said analyzer detecting said at least
one arrhythmia WF; or a combination of the above.

Preferably said plurality of electrode stickers comprises up to ten stickers.
Preferably said plurality of electrode stickers comprise a die for marking the positons
of said stickers on a patient. Preferably the wearable monitor comprises a plurality of
electrode cables and said cables are used for said connecting said stickers to said
wearable monitor.  Preferably said plurality of electrode cables comprises 12
electrode cables. Preferably said wearable ECG waveform is stored on said wearable

monitor. Preferably said wearable ECG waveform is stored in a format selected from
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the group consisting of SCP-ECG, DICOM-ECG, and HL7 aBCG. Preferably said
wearable ECG waveform comprises up to twelve channels. Preferably said wearable
monitor filters the signal received from said electrode stickers using filters.

Preferably said filters are selected from the group consisting of fow pass, high
pass, band pass, notch filters and a combination of the above. Preferably the
monttoring period 1s at least 72 hours. Preferably said importing said wearable ECG
waveform into satd analyzer comprises connection of one of said recorder or recorder
media to said analyzer by at least one of wireless or wired connection. Preferably said
analyzer is adapted to process said wearable ECG waveform. Preferably said recorder
stores said wearable ECG WF in a storage format that can be processed by said
analyzer. Preferably said analyzer comprises a translation module and transiates said
wearable ECG waveform into a format that it can process using said translation
module.

Preferably said comparing of said paced ECG waveform with said compostte
waveform is performed by a pace mapping system running on a computer. Preferably
said pace mapping system and said analyzer run on the same computer. Preferably
the method further comprises: importing said composite waveform into said pace
mapping system. Preferably said composite waveform is transferred to a storage
device and said storage device is connected to said pace mapping system for
importing satd composite waveform from said storage device into said pace mapping
system. Preferably the method of said importing said composite waveform is selected
from the group consisting of adapting said composite waveform to a file format that
can be used by said pace mapping system and importing said file into said pace
mapping system; connecting said analyzer to said pace mapping system via the ECG
input port of said pace mapping system and mimicking by said analyzer the signal that
an ECG device would provide to said port; adapting said composite waveform to an
tmage file format that can be used by said pace mapping system and importing said
file into said pace mapping system; and a combination of the above.

Preferably said composite waveform is stored in the internal storage of said
pace mapping system. Preferably the EP lab recorder comprises a phlurality of
electrode cables and said cables are used for said connecting said stickers to said EP
lab recorder. Preferably said EP lab recorder comprises EP lab recorder filters and

wherein said EP lab recorder filters are the same as said filters and are configured
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with the same filter settings. Preferably said EP lab recorder records up to 12
channels.  Preferably said defining a composite arthythmia waveform by said
waveform analyzer requires interaction with said analyzer by an operator.

Unless otherwise defined, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the ast to
which this invention belongs. The materials, methods, and examples provided herein
are illustrative only and not intended to be limtting,.

Implementation of the method and system of the present invention involves
performing or completing certain selected tasks or steps manually, automatically, or a
combination thereof. Moreover, according to actual instrumentation and equipment
of preferred embodiments of the method and system of the present invention, several
selected steps could be implemented by hardware or by software on any operating
system of any firmware or a combination thereof. For example, as hardware, selected
steps of the invention could be implemented as a chip or a circuit.  As software,
selected steps of the invention could be implemented as a plurality of software
instructions being executed by a computer using any suitable operating system. In
any case, selected steps of the method and system of the invention could be described
as being performed by a data processor, such as a computing platform for executing a
plurality of instructions.

Although the present invention is described with regard to a “computing
device”, a "computer", or “device”, or “mobile device” on a "computer network" or
simply “network”, 1t should be noted that optionally any device featuring a data
processor and the ability to execute one or more instructions may be described as a
computer or one of the interchangeable terms listed above, including but not limited
to any type of personal computer (PC), a server, a cellular telephone, an IP telephone,
a smartphone, or a PDA (personal digital assistant). Any two or more of such devices

in communication with each other may optionally comprise a "network".

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will now be described in connection with certain preferred
embodiments with reference to the tollowing illustrative figures so that it may be
more fully understood. With specific reference now to the figures in detail, it is

stressed that the particulars shown are by way of example and for purposes of

16
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iflustrative discussion of the preferred embodiments of the present invention only and
are presented in the cause of providing what 15 believed to be the most usetul and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt 1s made to show structural details of the invention
in more detail than is necessary for a fundamental understanding of the invention, the
description taken with the drawings making apparent to those skilled in the art how
the several forms of the tnvention may be embodied in practice.

In the drawings:

FIGS. 1A and 1B are respectively a schematic system diagram and a flow
diagram showing a prior art system and method for diagnosis of the arrhythmia focus;

FIGS. 2A-2C, are schematic systemn diagrams and a flow diagram showing
system and method for diagnosis of arrhythmia focus according to some embodiments
of the present invention; and

FIGS. 3A-3C which are exemplary ECG waveforms according to some

embodiments of the present invention,

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

In the detailed description, numerous specific details are set forth in order to
provide a thorough understanding of the invention. However, it will be understood by
those skilled in the art that these are specific embodiments and that the present
invention may be practiced also in different ways that embody the characterizing
features of the invention as described and claimed herein.

The present invention will be more fully understood from the following
detailed description of the preferred embodiments thereof, taken together with the
drawings. Reference 1s now made to Figures 2A-2C, which are schematic system
diagrams and a flow diagram showing a system and method for diagnosis of
arrhythmia focus according to some embodiments of the present invention.

As in figure 2C, 1o stage 1 electrode stickers 202 are aftixed to a patient. Most
preferably ten stickers 202 are affixed to the patient. The sticker placement is as
known in the art for 12-lead ECG recording. In stage 2, twelve electrode cables 203
are connected to the stickers 202. Electrode cables 203 are connected to a wearable

recorder 204 worn by the patient. . Wearable recorder 204 1s adapted for 12-lead

11
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ECG recording. Recorder 204 then records heart activity as an ECG waveform 206
for an extended period of time typically varying between 24 hours and 72 hours.
During this time the patient is outside the EP lab and goes about daily activities.

The output of recorder 204 is herein referred to as wearable ECG waveform
(WF) 206, ECG WF 206 preferably comprises 12 channels. Optionally, any number
of channels may be recorded that provides sufficient data for arrhythmia diagnosis as
described heretn. ECG WF 206 is stored in recorder 204 on a recording medium. A
non-limiting example of a recording medium is flash mermory, but other forms of
storage may be used. Non-limiting examples of ECG storage formats include SCP-
ECG, DICOM-ECG, and HL7 aECG, but other formats may be used. Recorder 204
uses filters 207 to enhance the signal received from electrode stickers 202 and cables
203, Non limiting examples of filters 207 include low pass, high pass, band pass, and
notch filters or a combination of these.  Filters 207 are configurable and comprise
settings that can be duplicated in the same filters used tn other ECG recorders.

In stage 3, once sufficient ECG waveform data has been gathered or after
completion of the monttoring period, electrode stickers 202 remain affixed to the
patient and electrode cables 203 are disconnected from stickers 202 and the recorder
204 1s returned to the EP [ab for analysis. Analysis may be optionally be performed
inn a clinic or lab associated with EP lab. Alternatively, stickers 202 are removed and
their exact positioning on the patient is marked, such as with a non-limiting example
of a marker pen. Alternatively and preferably stickers 202 are provided with a dye or
ink which marks the skin of the patient such that a mark ndicating the position of
sticker 202 1s left on the patient from the dye after sticker 202 is removed.

In stage 4, ECG waveform 206 is imported from recorder 204 into waveform
analyzer 210, The importing of ECG WF 206 is performed by wired or wireless
connection of recorder 204 to analyzer 210 followed by interaction by an operator
with analyzer 210 to initiate the importing. Alternatively the storage media is
extracted from recorder 204 and inserted into a storage media reader connected wired
or wirelessly to analyzer 210, Alternatively, the importing comprises exporting from
the recorder 204 by interaction with the recorder 204. Analyzer 210 is adapted to
process the ECG WF 200 in the ECG storage format used by recorder 204
Alternatively, recorder 204 stores ECG WF 206 in an EC(G storage format that can be

processed by analyzer 210, Alternatively, analyzer 210 translates the ECG WF 206
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ECG format provided by recorder 204 into a format that it can process using a
translation module 211 (shown o figure 2A as xlator 211). Processing includes
manipulation and analysis as described below.

In the embodiment of figure 2A, waveform analyzer 210 runs on a standalone

@)

computer. Alternatively, in the embodiment of figure 2B, analyzer 210 1s a software
module running on the same computational hardware as pace mapping system 220
described below.

Analyzer 210 preferably comprises a screen (not shown) and interaction
means such as a keyboard and mouse {not shown) for viewing and manipulating
10 wearable ECG wavetorm 206.

BCG wavetorm 206 15 then analyzed optionally using ECG analysis software
to detect arrhythmia waveform patterns. The operator/practitioner now interacts with
analyzer 210 to define at least one of the identified waveforms as an arrhythmia
template waveform 222 for later use during pace mapping of arrhythmia focus.

15 Figure 3A provides an illustration of an identified arrhythmia template waveform

ready to be exported from analyzer 210

In stage 5, for the embodiment of figure 2A, the arthvthmia template
waveform 222 is exported from analyzer 210 using wired or wireless means into pace
mapping system 220. The export format is preferably adapted to suit the mapping

20 system 220 used. Optionally, analyzer 210 connects to systern 220 via the ECG input
port (not shown) of system 220 and mimics the signal that an ECG device would
provide such that systemn 220 displays the received template waveform 222 which can
then be saved in system 220 as the template waveform 222, Alternatively, template
waveform 222 may be saved and exported by analyzer 210 as any standard image file

25 type not lunited to jpeg, BMP, PNG, or similar for use by system 220.

Alternatively, as in the embodiment of figure 2B where analyzer 210 13 a
software module of system 220, the template 222 is stored in the internal storage of
system 220 for use during the pace mapping. Alternatively, the template is stored in a
separate file store (not shown).

30 The patient will now return to the EP lab for diagnosis (mapping) of the

arrhythmia focus within the heart. Electrode stickers 202 are still affixed to the
patient from stage 1. Alternatively, new stickers 202 are affixed at exactly the

previously marked positions. In stage 6 electrode stickers 202 are connected to
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electrode cables 211 of EP lab recorder 212. EP Lab recorder 212 refers to an ECG
recorder preferably for 12 channel recording  EP lab recorder 212 comprises filters
213 which are the same as filters 207 and are configured with the same filter settings
that were used by filters 207 on wearable recorder 204 for recording wearable ECG
WEF 206, Optionally, translation module 211 also comprises a filter adaptor module
{(not shown) for adjusting the ECG WF 206 to match lab ECG WF 214 based on the
filters 213 used in EP lab recorder 212, Optionally, wearable recorder 204 1s used as
EP lab recorder 212, and electrodes 202 optionally remain connected to recorder 204
or are reconnected in the EP lab.

EP lab recorder 212 produces EP lab ECG waveform 214. ECG waveform
214 1s provided to pace mapping system 220, Systern 220 comprises a visual display
{not shown) for viewing the lab ECG waveform 214 of recorder 212, The use of the
same sticker positions, number of leads, channels and filters ensures that wearable
ECG WF 206 and lab ECG WF 214 are compatible and that template waveform 222
can be used as a basis for comparison with paced waveform 224 as described below.

In stage 7, pacing is now performed by probing areas of the heart with pacer
catheter 230. ECG waveform 214 is now used by system 220 to provide and display
paced waveformn 224 which changes as pacer catheter 230 is moved to different
positions in the heart. Paced waveform 224 is compared to arrhythmia template
waveform 222, defined in stage 4 and exported in stage 5, until the wavefors
sufficiently match and arrhythmia focus is diagnosed at stage 8. Preferably, the
comparison 1s performed by system 220 which provides a numeric percentage match
indication on a screen (not shown), such that the medical practitioner can determine
the arrhythmia focus based on a high percentage match indication, preferably above
95%. Preferably comparison comprises display of the template and paced waveforms
overlapped on the screen (not shown} as illustrated in figures 3B and 3C. Following
diagnosis, curative therapy by ablation or other means known in the art may then be
performed.

Reference is now made to figures 3A-3C which are exemplary ECG
waveforms according to some embodiments of the present invention. Figure 3A
shows a twelve lead ECG waveform with 12 channels.  As shown, an arthythmia

event is defined by definition lines 312, The arrhythmia event as defined by lines 312

is used as an arrhythmia template waveform such as waveform 222 described above.
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Figure 3B shows visual comparison of the template waveform of figure 3A
with a paced ECG waveform such as waveform 224 described above. Comparison is
performed by superimposing template channels 310 on top of paced waveform

channels 330. As in figure 3A, the arthythmia event area s defined by lines 312, In

@)

the exemplary comparison of figure 3B, the template and paced waveforms do not
match to a sufficient percentage since the pacer catheter is not close enough to the
arrhythmia focus in the heart.

In the exemplary comparison of figure 3C the template and paced waveforms
match well to a high percentage since the pacer catheter is close to the arthythmia

10 focusin the heart and a successtul diagnosis of the arrhythmia focus 1s accomplished.

Reference is now made to Figures 4A-4C, which are schematic system
diagrams and a flow diagram showing a system and method for diagnosis of
arrhythmia focus according to some embodiments of the present invention.

15 Asin figure 4C, 1n stage | electrode stickers 402 are affixed to a patient. Most
preferably ten stickers 402 are affixed to the patient. The sticker placement is as
known in the art for 12-lead ECG recording. In stage 2, twelve electrode cables 403
are connected to the stickers 402, Hlectrode cables 403 are connected to a wearable
recorder 404 worn by the patient. . Wearable recorder 404 is adapted for 12-lead

20 ECG recording. Recorder 404 then records heart activity as an ECG waveform 4006
for an extended period of time typically varying between 24 hours and 72 hours as
known in the art. During this time the patient 1s outside the EP lab and goes about
daily activities.

The output of recorder 404 is herein referred to as wearable ECG waveform

25 {WF) 406, ECG WF 406 preferably comprises 12 channels. Optionally, any number
of channels may be recorded that provides sutficient data for arrhythmia diagnosis as
described herein. ECG WF 400 15 stored in recorder 404 on a recording medium. A
non-limiting example of a recording medium is flash memory, but other forms of
storage may be used. Non-limiting examples of ECG storage formats include SCP-

30  ECG, DICOM-ECG, and HL7 aECG, but other formats may be used. Recorder 404
uses filters 407 to enbance the signal recetved from electrode stickers 402 and cables
403. Non limiting examples of filters 407 include low pass, high pass, band pass, and

notch filters or a combination of these. Filters 407 are configurable and comprise
&
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settings that can be duplicated in the same filters used in other ECG recorders.

In stage 3, once sufficient ECG waveform data has been gathered or after
completion of the monitoring period, electrode stickers 402 remain affixed to the
patient and electrode cables 403 are disconnected from stickers 402 and the recorder
404 1s returned to the EP [ab for analysis. Analysis may be optionally be performed
in a clinic or lab associated with EP lab. Alternatively, stickers 402 are removed and
their exact positioning on the patient is marked, such as with a non-limiting example
of a marker pen. Alternatively and preferably stickers 402 are provided with a dye or
ink which marks the skin of the patient when sticker 402 15 applied or removed such
that a mark indicating the position of sticker 402 is left on the patient from the dye
after sticker 402 is removed.

In stage 4, ECG wavetorm 406 is imported from recorder 404 into waveform
analyzer 410. The importing of ECG WF 406 is performed by wired or wireless
connection of recorder 404 to analyzer 410 followed by interaction by an operator
with analyzer 410 to imitiate the importing. Alternatively the storage media is
extracted from recorder 404 and inserted into a storage media reader connected wired
or wirelessly to analyzer 410, Alternatively, the importing comprises exporting from
the recorder 404 by interaction with the recorder 404, Analyzer 410 is adapted to
process the ECG WF 406 in the ECG storage format used by recorder 404,
Alternatively, recorder 404 stores ECG WF 406 in an ECG storage format that can be
processed by analyzer 410. Alternatively, analyzer 410 translates the ECG WF 406
ECG format provided by recorder 404 into a format that it can process using a
transtation module 411 (shown m figure 4A as xlator 411). Processing includes
manipulation and analysis as described below.

In the ernbodiment of figure 4A, waveform analyzer 410 runs on a standalone
computer. Alternatively, in the embodiment of tigure 4B, analyzer 410 is a software
moduie running on the same computational hardware as pace mapping systern 420
described below.

Analyzer 410 preferably comprises a screen (not shown) and interaction
means such as a keyboard and mouse (not shown) for viewing and manipulating
wearable ECG waveform 406,

ECG waveform 400 is then analyzed to detect arrhythmia waveform patterns.

The operator/practitioner now interacts with analyzer 410 to identify waveforms
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indicating arrhythmia. The arthythmia waveform portions (such as 422-A and 422-B)
are preferably automatically 1dentified by arrhythmia waveform detection software.
Alternatively arrhythmia waveform portions are identified by waveform detection
software and the identified waveform portions are confirmed by the operator of
analyzer 410.  Altemnatively the operator of analyzer 410 identifies arthythmia
waveform portions. Preferably arrhythmia waveform portions are identified using a
combination of the above. Preferably the patient has indicated arrhythmia episodes
while wearing Wearable Recorder 404 and operator or software use these indications
to locate arthythmia waveform portions using analyzer 410,

Arrhythmia waveform portions are indicated by operator or software on
analyzer 410 based on the start and stop times of the waveform of interest on the
recorded timeline. Figure 4D shows a non-limiting exemplary wearable WF 406 as
viewed in analyzer 410 Arrhythmia waveforms 422-A and 422-B have been
indicated by operator or software tn analyzer 410, Although two portions {(422-A and
422-B) are described herein, this is for the sake of simplicity and preferably any
number of arthythmia waveform portions may be indicated and extracted from
waveform 406, Therefore at the end of stage 4, arrhythmia waveform portions will
bave been identified.

In stage S, for the embodiment of figure 4A, the arrhythmia waveforms 422
are exported from analyzer 410 The waveformus portions, as indicated by the
timestamp data from stage 4, are each extracted and then preferably concatenated
together to form a composite arrhythioia waveform 422, Figure 4E shows an
exemplary, non-lirniting composite arthythmia waveforny 422 comprising indicated
waveforms 422-A and 422-B which were extracted from ECG WF 406.

Compostte arrhythmia waveforny 422 is now exported from analyzer 410 and
imported using wired or wireless means into pace mapping system 420. Preferably
waveform 422 is exported from analyzer 410 onto rernovable storage media 421 such
as but not limited to a USB storage drive. Preferably drive 421 is adapted for one-
time usage to prevent mixing up of patient arrhythmia wavetorms 422, Preferably
drive 421 comprises encryption mechanisms to prevent patient data stored on drive
421 from being read by systems aside from analyzer 410 and pace mapping systern
420. Drive 421 is then connected to mapping system 420 for importing of arrhythmia

WF 422 into system 420.
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Optionally wearable ECG 406 is in a digital format. Optionally wearable
ECG 406 1s in an analog format.  Optionally composite arrthythimia waveforms 422
are in analog format. Optionally composite arrhythmia wavetorms 422 are in digital

format. Where wearable WF 406 and composite WF 422 are in ditferent formats

@)

{analog or digital), analyzer 410 converts between these formats.

The format of arrhythnmia WEF 422 is preferably adapted to suit the mapping
system 420 used. Optionally, analyzer 410 connects to systern 420 via the ECG input
port {not shown) of system 420 and mimics the signal that an ECG device would
provide to “play back” WF 422 such that system 420 imports, stores and displays
10 constructed arrhythmia wavetorm 422, Optionally drive 421 is plugged into ECG

input port (not shown) of system 420 and mimics the signal that an ECG device

would provide to “play back” WF 422 such that system 420 imports, stores and

displays constructed arrhythmia waveform 422, Alternatively drive 421 or analyzer

410 are plugged into a data input port {not shown) of systern 420 such that system 420
15 imports, stores and displays constructed arrhythmia waveform 422,

Alternatively, waveform 422 may be saved and exported by analyzer 410 as
any standard image file type not limited to jpeg, BMP, PNG, or similar for use by
systern 420,

Alternatively, as in the embodiment of figure 4B where analyzer 410 is a

20 software module of system 420, the arrhythmia waveform 422 is stored in the internal
storage of system 420 for use during the pace mapping. Alternatively, arrhythmia WF
4272 1s stored in a separate file store (not shown}).

In the final part of stage 5, arthythmia WF 422 is analvzed using pace

mapping system 420 to create a template wavetorm 423 for comparison to Lab ECG
25  WF 414

In stage 6 the patient will return to the EP lab for diagnosis (mapping) of the
arthythmia focus within the heart. Electrode stickers 402 are still affixed to the
patient from stage 1. Alternatively, new stickers 402 are affixed at exactly the
previously marked positions. Ton stage 6 electrode stickers 402 are connected to

30 electrode cables 411 of EP lab recorder 412. EP Lab recorder 412 refers to an ECG
recorder preferably for 12 channel recording. EP lab recorder 412 comprises filters
413 which are the same as filters 407 and are configured with the same filter settings

that were used by filters 407 on wearable recorder 404 for recording wearable ECG
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WEF 406. Optionally, translation module 411 also comprises a filter adaptor module
{(not shown) for adjusting the ECG WF 406 to match lab ECG WF 414 based on the
filters 413 used in EP lab recorder 412. Optionally, wearable recorder 404 is used as
EP lab recorder 412, and electrodes 402 optionally remain connected to recorder 404
or are reconnected in the EP {ab.

EP lab recorder 412 produces EP lab ECG waveform 414, ECG waveform
414 1s provided to pace mapping system 420, Systern 420 compnises a visual display
{not shown) for viewing the lab ECG waveform 414 of recorder 412, The use of the
same sticker positions, number of leads, channels and filters ensures that wearable
ECG WF 406 and lab ECG WF 414 are compatible and that template waveform 423
extracted from arrhythmia WEF 422 can be used as a basis for comparison with paced
waveform 424 as described below.

In stage 7, pacing i1s now performed by probing areas of the heart with pacer
catheter 430, ECG waveform 414 is now used by system 420 to provide and display
paced waveform 424 which changes as pacer catheter 430 is moved to different
positions in the heart. Paced waveformm 424 is compared to the template WF 423
derived from arrhythmia waveform 422 until the waveforms sufficiently match and
arrhythmia focus is diagnosed at stage 8. Preferably, the comparison is performed by
system 420 which provides a numeric percentage match indication on a screen (not
shown)}, such that the medical practitioner can determine the arrhythmia focus based
ofr a high percentage match indication, preferably above 95%. Preferably comparison
comprises display of the template and paced waveforms overlapped on the screen (not
shown} as illustrated in figures 3B and 3C. Following diagnosis, curative therapy by

ablation or other means known in the art may then be performed.

It is to be understood that the invention is not imited in its application to the
details set forth in the description contained herein or illustrated in the drawings. The
invention s capable of other embodiments and of being practiced and carried out in
various ways. Those skilled in the art will readily appreciate that various
modifications and changes can be applied to the embodiments of the invention as
hereinbefore described without departing from its scope, defined in and by the

appended claims.
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1.

b

CLAIMS:

A method for diagnosing arrhythmia focus in the heart of a patient
COMpPrising;
a. affixing a plurality of electrode stickers to a patient;
b. providing a wearable monitor and connecting said stickers to a
wearable monitor;
¢. monitoring the patient by said wearable monitor for a monitoring
period to produce a wearable ECG wavetorm,
d. disconnecting said wearable monitor from said stickers while
leaving said stickers affixed to the patient;
e. providing a waveform analyzer running on a computer;
f. defining an arrhythmia template wavetorm by said wavetorm
analyzer from said wearable ECG waveform;
providing an EP lab ECG recorder and connecting said stickers to

said EP lab ECG recorder;

tQ

h. pacing the heart of the patient using a pacing electrode; and
i. comparing the paced ECG waveform provided by said EP lab ECG
recorder with said template waveform to diagnose the arrhythmia
focus.
The method of claim 1 wherein said plurality of electrode stickers
comprises up to ten stickers.
The method of claim 1 wherein wearable rnonitor comprises a plurality of

electrode cables and said cables are used for said connecting said stickers

to said wearable montior.

The method of claim 3 wherein said plurality of electrode cables
comprises 12 electrode cables.

The method of claim 1 wherein said wearable ECG waveform is stored on
said wearable monitor.

The method of claim 1 wherein said wearable ECG waveform is stored in
a format selected from the group consisting of SCP-ECG, DICOM-ECG,
and HL7 aECG.

The method of claim | wherein said wearable ECG waveform comprises

b

b
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I8.

up to twelve channels,

The method of claim 1 wherein said wearable monitor filters the signal
received from said electrode stickers using filters.

The method of claim 8§ wherein said filters are selected from the group
consisting of low pass, high pass, band pass, notch filters and a
combination of the above.

The method of claim 1 wherein the monttoring period is at least 72 hours.

. The method of claim 1 further comprising importing said wearable ECG

waveform into said analyzer and wherein said importing comprises
connection of one of said recorder or recorder media to said analyzer by at

least one of wireless or wired connection.

. The method of claim 1 wherein said analyzer is adapted to process said

wearable ECG waveform.

. The method of claim 1 wherein said recorder stores said wearable ECG

WF in a storage format that can be processed by said analyzer.
The method of claim 1 wherein said analyzer comprises a translation
module and translates said wearable ECG waveform into a format that it

can process using said translation module.

. The method of claim 1 wherein said comparing of said paced ECG

waveform with said teroplate waveform 1s performed by a pace mapping
system: running on a computer.
The method of claim 15 wherein said pace mapping system and said

analyzer run on the same computer,

. The method of claim 15 further comprising. importing said template

waveforn into satd pace ymapping system.
The method of claim 17 wherein the method of said importing said
template waveform is selected from the group consisting of’

a. adapting said template waveform to a file format that can be used
by said pace mapping system and mmporting said file into said pace
mapping system;

b. connecting said analyzer to said pace mapping systern via the ECG
input port of said pace mapping system and mimicking by said

analyzer the signal that an ECG device would provide to said port;
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19.

20,

22.

c. adapting said template waveform to an image file format that can
be used by said pace mapping system and importing said file into
said pace mapping system; and

d. acombination of the above.

The method of claim 16 wherein said template waveform is stored in the
internal storage of said pace mapping system.

The method of clainy 1 wherein EP 1ab recorder comprises a plurality of
electrode cables and said cables are used for said connecting said stickers
to said EP lab recorder.

The method of claim 1 wherein said EP lab recorder comprises EP lab
recorder filters and wherein said EP lab recorder filters are the same as
said filters and are configured with the same filter settings.

The method of claim 1 wherein said EP lab recorder records up to 12
channels.

The method of claim 1 wherein said defining an arrhythmia template
waveform by said waveform analyzer requires interaction with said
analyzer by an operator.

A system for diagnosing arrhythmia focus in the heart of a patient
comprising:

a. electrode stickers for affong to a patient;

b. a wearable ECG monitor with cables for connecting to said stickers
and adapted to record a wearable ECG waveform;

¢. a waveform analyzer running on a computer adapted for defining
an arrhythnia template waveform from said wearable ECG
waveform;

d. an EP lab ECG recorder with cables for connecting to said stickers
and adapted to record a pacing ECG waveform; and

e. a pace mapping sysiem running on a computer comprising a pacing
electrode for pacing the heart of the patient;

wherein said pacing ECG waveform is compared with said template

waveform to diagnose the arrhythmia focus.

25. The system of claim 24 wherein said wearable monitor comprises

recording media and wearable ECG waveform is stored on said recording
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32.

34,

media.

. The system of claim 25 wherein said wearable ECG waveform 1s stored in

a format selected from the group consisting of SCP-ECG, DICOM-ECG,
and HL7 aBECG.
The system of claim 24 wherein said wearable ECG waveform comprises

up to twelve channels,

. The system of claim 24 wherein said wearable monitor comprises filters

for filtering the signal received from said electrode stickers.
The system of claim 28 wherein said filters are selected from the group
consisting of low pass, high pass, band pass, notch filters and a

combination of the above,

. The system of claim 25 wherein said analyzer comprises at least one of a

wireless or wired connection for connecting said wearable recorder or
recorder media to said analyzer.
The system of claim 24 wherein said analyzer comprises a translation
module for translating said wearable ECG waveform into a format that it
can process.
The system of claimy 24 wherein said pace mapping system and said
analyzer run on the same computer.
The system of clairn 29 wherein said EP lab recorder comprises EP lab
recorder filters and wherein said EP lab recorder filters are the same as
said filters and are configured with the same filter settings.
The system of claim 24 wherein said EP lab recorder records up to 12
channels.
A method for diagnosing arrhythmia focus in the heart of a patient
comprising:

a. affixing a plurality of electrode stickers to a patient;

b. providing a wearable monitor and connecting said stickers to a

wearable monitor,
c. monitoring the patient by said wearable monitor for a monitoring
period to produce a wearable ECG wavetorm;
d. disconnecting said wearable monitor from said stickers and

marking the positions of said stickers before removing said stickers
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from the patient,

providing a waveform analyzer running on a computer;

importing said wearable ECG waveform into said waveform
analyzer,

defining a composite arrhythmia waveform from said wearable
ECG waveform;

affixing a plurality of electrode stickers to a patient in the positions
previously marked on the patient;

providing an EP lab ECG and connecting said stickers to said EP
lab EC(;

pacing the heart of the patient using a pacing clectrode; and
comparing the paced ECG waveform provided by said EP lab ECG
with said composite arrhythmia waveform to diagnose the

arrhythmia focus.

36. The method of claim 35 wherein said electrode stickers comprise a die for

marking the positions of said stickers on the patient.

37. A method for diagnosing arrhythmia focus in the heart of a patient

cormprising;

®»

affixing a plurality of electrode stickers to a patient;

providing a wearable monttor and connecting said stickers to a
wearable monitor;

mounitoring the patient by said wearable monitor for a rnonitoring
period to produce a wearable ECG wavetorm;

providing a waveform analyzer running on a computer;

importing said wearable ECG waveform into said waveform
analyzer;

defining an arrhythmia template waveform from said wearable
ECG waveform;

pacing the heart of the patient using a pacing clectrode; and
comparing the paced ECG waveform provided by said wearable
monitor with said template wavetorm to diagnose the arrhythmia

focus.
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38. A method for diagnosing arrhythmia focus in the heart of a patient
COMPprising:
a. affixing a plurality of electrode stickers to a patient;
b, providing a wearable monitor and connecting said stickers to a

wearable monitor;

@)

c. monitoring the patient by said wearable monitor for a monitoring
period to produce a wearable ECG waveform;
d. disconnecting said wearable monitor from said stickers while
performing at least one of’
10 i. leaving said stickers affixed to the patient; or
it. marking the positions of said stickers before removing said
stickers;
e. defining a composite arrhythnmia waveform from said wearable

ECG waveform,

15 t. providing an EP lab ECG recorder and performing at least one of:
1. connecting said stickers to said EP lab ECG recorder; or
ii. connecting a second set of stickers to said EP lab ECG
recorder wherein said second set of stickers are positioned
on the marked positions;
20 g. pacing the heart of the patient using a pacing electrode; and

h. comparing the paced ECG waveform provided by said EP lab ECG
recorder with an arthythmia template wavetorm derived from said
composite arrhythmia wavetorm to diagnose the arrhythmia focus.

39. The method of claim 38 further comprising providing a waveform analyzer

25 and wherein said composite arrhythmia waveform is defined using said
analyzer.

40. The method of claim 39 wherein said composite arrhythmia waveform
comprises at least one arrhythmia waveform detected in wearable ECG
waveform.

30 41. The method of claim 40 wherein detecting said at least one arrhythmia
waveform comprises at least one of said analyzer automatically detecting
said at least one arrhythmia WF; an operator of said analyzer detecting

said at least one arrhythmia WF; or a combination of the above.

A\
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42. The method of claim 4! wherein said plurality of electrode stickers
comprises up to ten stickers,

43. The method of claim 41 wherein wearable monitor comprises a plurality of
electrode cables and said cables are used for said connecting said stickers

to said wearable monitor.

@)

44. The method of claim 43 wherein said plurality of electrode cables
comprises 12 electrode cables.

45. The method of claim 44 wherein said wearable ECG waveform is stored
on said wearable monitor.

10 46. The method of claim 45 wherein said wearable ECG waveform is stored in
a format selected from the group consisting of SCP-ECG, DICOM-ECG,
and HL7 aBECG.

47. The method of claim 46 wherein said wearable ECG waveform comprises
up to twelve channels,

15 48. The method of claim 47 wherein said wearable monitor filters the signal
received from said electrode stickers using filters.

49, The method of claim 48 wherein said filters are selected from the group
consisting of iow pass, high pass, band pass, notch filters and a
combination of the above.

20 50. The method of claim 38 wherein the monitoring period is at least 72 hours.

51. The method of claim 49 wherein said importing said wearable ECG
waveform into said analyzer comprises connection of one of said recorder
or recorder media to said analyzer by at least one of wireless or wired
connection.

25 52. The method of claim 51 wherein said analyzer is adapted to process said

wearable ECG waveform.

h
52

. The method of claim 52 wherein satd recorder stores said wearable ECG
WF in a storage tormat that can be processed by said analyzer.
S4. The method of claim 53 wherein said analyzer comprises a translation
30 module and translates said wearable ECG waveform into a format that it
can process using said translation module.
55. The method of claim 54 wherein said comparing of said paced ECG

waveform with said composite waveform is performed by a pace mapping
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58.

59.

61.

62.

63.

64.

system ﬂlﬁﬁiﬁg Of & computer.

. The method of claim 55 wherein said pace mapping system and said

analyzer run on the same computer.

. The method of claim 56 further comprising: importing said composite

waveform into said pace mapping system.

The method of claim 56 wherein said composite waveform is transferred
to a storage device and said storage device is connected to said pace
mapping system for importing said composite waveform from said storage
device into said pace mapping systent.

The method of claim 57 wherein the method of said importing said
composite waveforin is selected from the group consisting of:

a. adapting said composite waveform to a file format that can be used
by said pace mapping system and importing said file into said pace
mapping system,

b. connecting said analyzer to said pace mapping system via the ECG
input port of said pace mapping system and mimicking by said
analyzer the signal that an ECG device would provide to said port;

¢. adapting said composite waveform to an image file format that can
be used by said pace mapping system and importing said file into
said pace mapping system; and

d. acombination of the above.

The method of claim 58 wherein said composite waveform is stored in the
internal storage of said pace mapping systeni,

The method of claim 59 wherein EP lab recorder comprises a plurality of
electrode cables and said cables are used for said connecting said stickers
to said EP lab recorder.

The method of claim 60 wherein said EP lab recorder comprises EP lab
recorder filters and wherein said EP lab recorder filters are the same as
sard filters and are configured with the same filter settings.

The method of claim 61 wherein said EP lab recorder records up to 12
channels,

The method of claim 62 wherein said defining a composite arthythmia

waveform by said waveform analyzer requires interaction with said

[N
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analyzer by an operator.
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