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ATRIAL FIBRILLATION DETECTION SYSTEM AND METHODS OF USE

[0001] [Blank]

BACKGROUND

[0002] The subject of this patent application relates generally to atrial fibrillation, and more
particularly to an atrial fibrillation detection system and associated methods of use configured

for analyzing and identifying atrial fibrillation signs.

[0003] [Blank]

[0004] By way of background, atrial fibrillation (“AF”) is an abnormal heart rhythm
characterized by rapid and irregular beating, often starting as brief periods of abnormal beating
and becoming longer and possibly constant over time. AF is associated with an increased risk
of heart failure, dementia, and stroke. It is one of the most, if not the most, commonly sustained
forms of arrhythmia, increasing in prevalence with the age of patients; from 0.5% at 40-50
years of age, to 5-15% at 80 years of age. Men are more often affected than wemen. The

lifetime risk of developing AF is roughly 25% in those who have reached the age of 40.

[0005] AF usually progresses from short, rare episodes, to longer and more frequent attacks.
Clinically, different types of AF are distinguished, based on the presentation and duration of the
arrhythmia. Paroxysmal AF consists of self-terminating episodes, usually shorter than 48
hours. Persistent AF is present when an AF episode either lasts longer than 7 days or requires
termination by cardioversion (either pharmacologica!l or eiectrical). Long-standing persistent AF
is considered so when it has lasted for more than 1 year. Permanent AF is said to exist when
the presence of the arrhythmia is accepted both by the patient and the physician. In general
terms, a patient is usually diagnosed from paroxysmal AF and as time goes on it will evolve to
sustained forms of AF. The distribution of paroxysmal AF recurrences is not random, but
clustered, and AF burden (the time ratio with and without AF) can vary markedly over months

or even years in individual patients. Asymptomatic AF (silent AF) is common even in
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symptomatic patients, irrespective of whether the initial presentation was persistent or
paroxysmal.

[0006] Rapid and irregular heart rates may be perceived as palpitations or exercise
intolerance and occasionally may produce anginal chest pain (if the high heart rate causes
ischemia). Other possible symptoms include congestive symptoms such as shortness of breath
or swelling. The arrhythmia is sometimes only identified with the onset of a stroke or a transient
ischemic attack (“TIA"). Additionally, AF episodes can self-terminate and the triggering
situations of a new episode are not easily predictable. As such, it is not uncommon for a patient
to first become aware of AF from a routine physical examination or ECG, as it often does not
cause symptoms. It has been estimated that 7-day continuous ECG monitoring may document
the arrhythmia in approximately 70% of AF patients. To process these long-term ECG signals,
either real-time or offline, AF detection algorithms are needed. Thus, there is a need for
systems and methods capable of detecting AF signs (i.e., able to distinguish between AF and
non-AF rhythms) as early and accurately as possible, so that such patients may be promptly

diagnosed and treated in order to effectively control the disease.

[0007] Aspects of the present invention fulfill these needs and provide further related

advantages as described in the following summary.

SUMMARY

[0008] Aspects of the present invention teach certain benefits in construction and use which

give rise to the exemplary advantages described below.

[0009] The present invention solves the problems described above by providing an atrial
fibrillation detection system and associated methods of use are disclosed for analyzing and
identifying atria! fibrillation signs of a user. In at least one embodiment, the system includes an
at least one computing device configured for receiving and processing an at least one biosignal
associated with heart activity of the user as captured by an at least one beat detector, and
subsequently transmitting said processed at least one biosignal, as a plurality of sequence
segments, making up an at least one interbeat interval sequence of the biosignal, to an at least
one classifier configured for determining a probability of the at least one interbeat interval
sequence of the biosignal being an atrial fibrillation rhythm or a non-atrial fibrillation rhythm.
Upon receiving the at least one biosignal from the at least one beat detector, the at least one
computing device is further configured for representing each of an at least one beat of the
biosignal with an univocal and repeatable point. An interbeat interval between each of the at
least one beat and an immediately preceding beat of the biosignal is calculated. An at least

one interbeat interval sequence is generated consisting of consecutive interbeat intervals of the
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biosignal. The interbeat interval sequence is divided into a plurality of finite sequence

segments of a pre-defined temporal length consisting of consecutive interbeat intervals of the
interbeat interval sequence. For each sequence segment, said sequence segment is encoded
by generating a scatter plot that represents the dispersion of data associated with the interbeat
interval sequence. The scatter plot is encoded by generating a histogram that represents an
amount of plot points plotted in each particular region of the scatter plot. The histogram is
normalized by dividing a bin count of each bin by the total sum of plot points in the scatter plot.
The normalized histogram is transmitted to an at least one classifier in selective communication
with the at least one computing device, where a probability of said sequence segment being an

atrial fibrillation rhythm or a non-atrial fibrillation rhythm is determined.

[0010] Other features and advantages of aspects of the present invention will become
apparent from the following more detailed description, taken in conjunction with the
accompanying drawings, which illustrate, by way of example, the principles of aspects of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings illustrate aspects of the present invention. In such

drawings:

[0012] Figure 1 is a simplified schematic view of an exemplary atrial fibrillation detection

system, in accordance with at least one embodiment;

[0013] Figure 2 is a flow diagram of an exemplary method for analyzing and identifying atrial

fibrillation signs, in accordance with at least one embodiment;

[0014] Figure 3A is a schematic of an exemplary biosignal captured by an at least one beat
detector of the exemplary atrial fibrillation detection system, in accordance with at least one

embodiment;

[0015] Figure 3B is an illustration of an exemplary interbeat interval sequence, in accordance

with at least one embodiment;

[0016] Figures 4A-4C are illustrations of exemplary Lorentz plots of sequence segments of
exemplary interbeat interval sequences, plotted on a two-dimensional graph, in accordance

with at least one embodiment;

[F¥]
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[0017] Figures 5A-5C are illustrations of exemplary histograms of the sequence segments of
Figs. 4A-4C, respectively, plotted on a three-dimensional graph, in accordance with at least one
embodiment; and
[0018] Figures 6A-6C are illustrations of exemplary matrix views of the normalized

histograms of Figs. 5A-5C, respectively, in accordance with at least one embodiment.

[0019] The above described drawing figures illustrate aspects of the invention in at least one
of its exemplary embodiments, which are further defined in detail in the following description.
Features, elements, and aspects of the invention that are referenced by the same numerals in
different figures represent the same, equivalent, or similar features, elements, or aspects, in
accordance with one or more embodiments.

DETAILED DESCRIPTION

[0020] Turning now to Fig. 1, there is shown a simplified schematic view of an exemplary
atrial fibrillation detection system 20. The system 20 provides, in at least one embodiment, an
at least one computing device 22 configured for receiving and processing select data obtained
by an at least one beat detector 24 — such as an electrocardiogram (‘ECG”) device, for
example (though any other type of device, sensor or combination thereof, now known or later
developed, capable of substantially carrying out the functionality described herein may be
substituted) — positioned and configured for obtaining biosignal data related to a user's heart
activity (i.e., electrical activity of the user’s heart). Accordingly, in at least one embodiment, the
computing device 22 is in selective communication with the beat detector 24. In at least one
embodiment, the computing device 22 and the beat detector 24 are one and the same — as
such, it is intended that those terms as used herein are to be interchangeable with one another.
Additionally, in at least one embodiment, an at least one classifier 26 — such as an artificial
neural network (“ANN"), for example (though any other type of device, system or combination
thereof, now known or later developed, capable of substantially carrying out the functionality
described herein may be substituted) — is in selective communication with the computing device
22 and configured for analyzing said data obtained by the at least one beat detector 24 and
processed by the computing device 22, as discussed in detail below. In at least one
embodiment, the computing device 22 and the classifier 26 are also one and the same — as
such, it is intended that those terms as used herein are to be interchangeable with one another.
Additionally, in at least one embodiment, an at least one data storage device 28 is in selective
communication with the computing device 22 and configured for storing said data obtained by
the beat detector 24, processed by the computing device 22, and analyzed by the classifier 26,

along with certain other data as discussed further below. In at least one embodiment, the
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computing device 22 and data storage device 28 are also one and the same — as such, it is

intended that those terms as used herein are to be interchangeable with one another.

[0021] At the outset, it should be noted that communication between each of the at least one
computing device 22, at least one beat detector 24, at least one classifier 26, and at least one
data storage device 28 may be achieved using any wired- or wireless-based communication
protocol (or combination of protocols) now known or later developed. As such, the present
invention should not be read as being limited to any one particular type of communication
protocol, even though certain exemplary protocols may be mentioned herein for illustrative
purposes. It should also be noted that the term “computing device” is intended to include any
type of compuiing or electronic device, now known or later developed, capable of substantially
carrying out the functionality described herein — such as desktop computers, mobile phones,
smartphones, laptop computers, tablet computers, personal data assistants, gaming devices,
wearable devices, etc. As such, the system 20 should not be read as being limited to use with
any one particular type of computing or electronic device, even though certain exemplary

devices may be mentioned or shown herein for illustrative purposes.

[0022] With continued reference to Fig. 1, in at least one embodiment, the at least one beat
detector 24 is positioned on a wearable device, such as garment or other accessory being worn
by the user, such as described in at least U.S. Patent Application Publication No.
2013/0338472 . In still
further embodiments, the at least one beat detector 24 may be appropriately positioned in
contact with (or proximal o) the user using any other means now known or later developed.
Again, in further embodiments, the at least one beat detector 24 may be any other type of
device, sensor or combination thereof, now known or later developed, capable of substantially
carrying out the functionality described herein. In at least one embodiment, the computing
device 22 is also removably engagable with the user — either directly with the user's body or
with a wearable device, such as a garment or other accessory being worn by the user. In at
least one such embodiment, the beat detector 24 is positioned within the computing device 22.
In an alternate embodiment, the computing device 22 is positioned elsewhere — either still local
to the user or remotely, or even divided, with some of the functional units implemented in a
computing device 22 local to the user and other units implemented in remote computer work

stations.

[0023] In at least one embodiment, the computing device 22 contains the hardware and
software necessary to carry out the exemplary methods for analyzing and identifying atrial
fibrillation signs, as described herein. Furthermore, in at least cne embodiment, the computing
device 22 comprises a plurality of computing devices selectively working in concert with one

5
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another to carry out the exemplary methods analyzing and identifying atrial fibrillation signs, as

described herein. In at least one embodiment, the computing device 22 provides a user
application 30 residing locally in memory 32 on the computing device 22, the user application
30 being configured for selectively communicating with each of the at least one beat detector
24 and classifier 26, as discussed further below. It should be noted that the term “memory” is
intended to include any type of electronic storage medium (or combination of storage mediums)
now known or later developed, such as local hard drives, RAM, flash memory, secure digital
(“SD”) cards, external storage devices, network or cloud storage devices, integrated circuits,
etc. In at least one embodiment, the computing device 22 provides an at least one display
screen 34 configured for displaying the atrial fibrillation data, as discussed in detail below. In at

least one such embodiment, the display screen 34 is a touchscreen.

[0024] In use, in at least one embodiment, the system 20 is capable of analyzing and
identifying atrial fibrillation signs in users/patients — particularly, distinguishing between AF and
non-AF rhythms — using information contained in a biosignal 36 associated with heart activity of
the user (such as an ECG sequence, for example). In at least one embodiment, as illustrated
in the flow diagram of Fig. 2, and as further illustrated in the exemplary schematic of Fig. 3A, a
biosignal 36 associated with heart activity of the user is captured by the at least one beat
detector 24 {202) and transmitted to the user application 30 of the computing device 22 (204).
In at least one such embodiment, where the beat detector 24 is an ECG sensor or the like, the
beat detector 24 senses and transmits raw ECG data, as the biosignal 36, to the computing
device 22. In at least one embodiment, the user application 30 represents each of an at least
one beat 38 of the biosignal 36 with an univocal and repeatable point 40 (206). In at least one
such embodiment, the user application 30 selects the point 40 having a maximum absolute
derivative value among the biosignal 36. In at least one further embodiment, other repeatable
points 40 could be selected by the user application 30, such as an R-peak value or a maximum

negative/positive derivative value for example.

[0025] With continued referenced to Figs. 2 and 3A, in at least one embodiment, the user
application 30 calculates an interbeat interval 42 (‘RR,") between each of the at least one beat
38 (“t;") and an immediately preceding beat 38 (“f,./") of the biosignal 36 (208). In at least one
such embodiment, the user application 30 uses the following formula: RR; =ty — t.1, where f,
represents a timestamp of a current beat 38 n. In at least one embodiment, no processing is

performed to smooth the biosignal 36 or remove any ectopic activity.

[0026] With continued reference to Figs. 2 and 3A, and as further illustrated in Fig. 3B, in at

least one embodiment, the user application 30 generates an at least one interbeat interval

sequence 43 consisting of consecutive interbeat intervals 42 of the biosignal 36 (210). In at
6
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least one embodiment, the user application 30 divides the interbeat interval sequence 43 into a
plurality of finite sequence segments 44 of a pre-defined temporal length L, consisting of
consecutive interbeat intervals 42 of the interbeat interval sequence 43 and, in turn, the
biosignal 36 (212). For example, in the exemplary embodiment, each sequence segment 44
has a length L of thirty (30) seconds. However, in further embodiments, any other length L
deemed appropriate under the circumstances may be substituted without departing from the
spirit or scope cf the present invention. The user application 30 then encodes each sequence
segment 44 by generating a two-dimensional scatter plot 46 that represents the dispersion of

data associated with the interbeat interval sequence 43.

[0027] In a bit more detail and with continued reference to Fig. 2, in at least one embodiment,
the user application 30 calculates an interbeat interval difference ("ARR,") between each of the
at least one interbeat interval 42 (“RR»+;") and an immediately preceding interbeat interval 42
(‘RRy") of the sequence segment 44 (214). In at least one such embodiment, the user
application 30 uses the following formula: ARR, = RR.+1 — RR,. In at least one embodiment,
the user application 30 then encodes an uncorrelated nature of three consecutive interbeat
interval differences as a plot point 48 on the scatter plot 46 (216), being a point defined as by
the pair (ARR,, ARRn+1). In at least one such embodiment, as illustrated in Figs. 4A-4C, the
scatter plot 46 is a Lorentz plot. For example, if three consecutive interbeat interval differences
are very similar, the corresponding plot point 48 will be near (0,0) on the scatter plot 48; for a
short-medium-iong sequence of three consecutive interbeat interval differences, the plot point
48 will be in a first quadrant 560 of the scatter plot 46; for a long-short-long sequence of three
consecutive interbeat interval differences, the plot point 48 will be in a second quadrant 52 of
the scatter plot 46; for a long-medium-short sequence of three consecutive interbeat interval
differences, the plot point 48 will be in a third quadrant 54 of the scatter plot 46, and for a short-
long-short sequence of three consecutive interbeat interval differences, the plot point 48 will be
in a fourth quadrant 56 of the scatter plot 46. For illustrative purposes, Fig. 4A depicts an
exemplary scatter plot 46 representing a sequence segment 44 having a length L of
approximately thirty (30) seconds and containing a non-AF sinusal rhythm, Fig. 4B depicts a
further exemplary scatter plot 46 representing a sequence segment 44 having a length L of
approximately thirty (30) seconds and containing a non-AF sinusal rhythm with ectopic beats,
and Fig. 4C depicts a still further exemplary scatter plot representing a sequence segment 44
having a length L of approximately thirty (30) seconds and containing an atrial fibrillation
rhythm. It should be noted that in further embodiments, any other method of generating a
dispersion or scatter plot 46 of the sequence segment 44, now known or later developed, may
be substituted so long as such methods are capable of substantially carrying out the

functionality described herein.
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[0028] With continued reference to Fig. 2, in at least one embodiment, the user application
30 next encodes each scatter plot 46 by generating a histogram 58 (either two-dimensional or
three-dimensional) that represents an amount of plot points 48 plotted in each particular region
of the scatter plot 46 (218). In at least one embodiment, the histogram 58 contains a pre-
defined number of bins 60, with the bins 60 each having a pre-defined bin width W. In at least
one such embodiment, the histogram 58 contains forty-nine (49) bins 60, with each bin 60
having a bin width W of 150 milliseconds (“ms”). Additionally, in at least one such embodiment,
the bins 60 are arranged in a matrix — such as a 7x7 matrix where the histogram 58 contains
forty-nine (49) bins 60 — as illustrated in Figs. 5A-5C, which respectively continue the
illustratives of Figs. 4A-4C. In an alternate embodiment, the bins 60 are arranged in an array —
such as an array of forty-nine (49) integers where the histogram 58 contains forty-nine (49)
bins 60. In further embodiments, any other number of bins 60 and/or bin widths W deemed
appropriate under the circumstances may be substituted without departing from the spirit or

scope of the present invention.

[0029] With continued reference to Fig. 2, in at least one embodiment, the user application
30 next normalizes the histogram 58 by dividing a bin count of each bin 60 by the total sum of
plot points 48 in the scatter plot 46 (220) — as illustrated in Figs. BA-6C, which respectively
continue the illustratives of Figs. 4A-4C and 5A-5C. The normalized histogram 62 represents
the sequence of interbeat interval differences of the consecutive interbeat intervals 42 that
make up the sequence segment 44 of the interbeat interval sequence 43. In at least one
embodiment, the user application 30 transmits the normalized histogram 62 to the at least one
classifier 26 (222) which, in turn, analyzes the normalized histogram 62 to determine a
probability of the sequence segment 44 of the interbeat interval sequence 43 (and, in turn, the
associated portion of the biosignal 36) being an atrial fibrillation rhythm or non-AF rhythm (224).
In at least one embodiment, if the classifier 26 determines that the probability of the sequence
segment 44 being an atrial fibrillation rhythm is relatively greater than the probability of the
sequence segment 44 being a non-AF rhythm, the user application 30 concludes that
sequence segment 44 is an atrial fibrillation rhythm (226). Similarly, if the classifier 26
determines that the probability of the sequence segment 44 being a non-AF rhythm is relatively
greater than the probability of the sequence segment 44 being an atrial fibrillation rhythm, the

user application 30 concludes that the sequence segment 44 is a non-AF rhythm (228).

[0030] In at least one embodiment, as mentioned above, the classifier 26 is an artificial
neural network (“ANN”). Additionally, the classifier 26 must be trained prior to performing the

above-described method. In at least one such embodiment, the classifier 26 contains, or

8
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otherwise has access to, a database of a sufficient number of labeled instances of interbeat

interval sequences 43 substantially representing an entire universe of possible rhythms — such
as the MIT-BIH Atrial Fibrillation Database (‘AFDB’j and/or MIT-BIH Arrhythmia Database
("MITDB") for example — which allows the classifier 26 to automatically learn the inner rules that
govern decisions. In at least one embodiment, the ANN uses rectified linear unit ("Rel.U”)
hidden networks, softmax activation function for cutput neurons, and dropout and max-norm
regularization in order to optimize the performance of the classifier 26. However, in further
embodiments, any other type of ANN and/or ANN modifications, now known or later developed,
may be substituted. In still further embodiments, rather than being an ANN, the classifier 26
may comprise any other type of device, system or combination thereof, now known or later

developed, capable of substantially carrying out the functionality described herein.

[0031] Thus, in at least one embodiment, the classifier 26 is able to distinguish between AF
and non-AF rhythms using the information contained in a thirty (30) second sequence segment
44 of the interbeat interval sequence 43 of a biosignal 36. As a result, in at least one such
embodiment, every detected beat should be considered and no morphology assessment
should be needed in order to eliminate ectopic beats that can potentially be confused with an
AF rhythm. In this way, the system 20 is capable of being integrated in any beat analysis
system (including ECG analysis systems) that performs beat detection, such as implantable or

external cardiac monitors or offline analysis platforms such as Holter analysis software.

[0032] Aspects of the present specification may also be described as follows:

[0033] 1. A method for analyzing and identifying atrial fibrillation signs of a user, the method
comprising the steps of: transmitting to an at least one computing device an at least one
biosignal associated with heart activity of the user as captured by an at least one beat detector;
representing each of an at least one beat of the biosignal with an univocal and repeatable
point; calculating an interbeat interval between each of the at least one beat and an
immediately preceding beat of the biosignal; generating an at least one interbeat interval
sequence consisting of consecutive interbeat intervals of the biosignal; dividing the interbeat
interval sequence into a plurality of finite sequence segments of a pre-defined temporal length
consisting of consecutive interbeat intervals of the interbeat interval sequence; and for each
sequence segment: encoding said sequence segment by generating a scatter plot that
represents the dispersion of data associated with the interbeat interval sequence; encoding the
scatter plot by generating a histogram that represents an amount of plot points plotted in each
particular region of the scatter plot; normalizing the histogram by dividing a bin count of each
bin by the total sum of plot points in the scatter plot; transmitting the normalized histogram to
an at least one classifier in selective communication with the at ieast one computing device;
9
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and determining, via the classifier, a probability of said sequence segment being an atrial

fibrillation rhythm or a non-atrial fibrillation rhythm.

[0034] 2. The method according to embodiment 1, wherein the step of representing each of
the at least one beat of the biosignal with an univocal and repeatable point, further comprises
the step of selecting a one of the points having a maximum absolute derivative value among

the biosignai.

[0035] 3. The method according to embodiments 1-2, wherein the step of dividing the
interbeat interval sequence into a plurality of finite sequence segments of a pre-defined
temporal length, further comprises the step of dividing the interbeat interval sequence into a

plurality of finite sequence segments each having a length of thirty seconds.

[0038] 4. The method according to embodiments 1-3, wherein the step of encoding said
sequence segment by generating a scatter plot, further comprises the step of encoding said

sequence segment by generating a two-dimensional scatter plot.

[0037] 5. The method according to embodiments 1-4, wherein the step of encoding said
sequence segment by generating a two-dimensional scatter plot, further comprises the steps
of: calculating an interbeat interval difference between each of the at least one interbeat
interval and an immediately preceding interbeat interval of said sequence segment; and
encoding an uncorrelated nature of three consecutive interbeat interval differences as a plot

pcint on the scatter plot.

[0038] 6. The method according to embodiments 1-5, wherein the step of encoding said
sequence segment by generating a two-dimensional scatter plot, further comprises the step of

encoding said sequence segment by generating a two-dimensional Lorentz plot.

[0039] 7. The method according to embodiments 1-6, wherein the step of encoding the
scatter plot by generating a histogram, further comprises the step of generating a two-
dimensional histogram that represents an amount of plot points plotted in each particular region

of the scatter plot.

[0040] 8. The method according to embodiments 1-7, wherein the step of encoding the
scatter plot by generating a histogram, further comprises the step of generating a three-
dimensijonal histogram that represents an amount of plot points plotted in each particular region

of the scatter plot.
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[0041] 9. The method according to embodiments 1-8, wherein the step of generating a

histogram further comprises the step of generating a histogram containing a pre-defined

number of bins, with the bins each having a pre-defined bin width.

[0042] 10. The method according to embodiments 1-9, further comprising the step of
generating a histogram containing forty-nine bins, with each bin having a bin width of 150

milliseconds.

[0043] 11. The method according to embodiments 1-10, further comprising the step of

arranging the bins in a matrix.

[0044] 12. The method according to embodiments 1-11, further comprising the step of

arranging the bins in an array.

[0045] 13. The method according to embodiments 1-12, wherein the step of transmitting the
normalized histogram to an at least one classifier, further comprises the step of transmitting the
normalized histogram to an at least one artificial neural network trained for analyzing the

normalized histogram.

[0046] 14. The method according to embodiments 1-13, wherein the step of determining, via
the classifier, a probability of said sequence segment being an atrial fibrillation rhythm or a non-
atrial fibrillation rhythm, further comprises the steps of: upon the classifier determining that the
probability of said sequence segment being an atrial fibrillation rhythm is relatively greater than
the probability of said sequence segment being a non-atrial fibrillation rhythm, concluding that
said sequence segment is an atrial fibrillation rhythm; and upon the classifier determining that
the probability of said sequence segment being a non-atrial fibrillation rhythm is relatively
greater than the probability of said sequence segment being an atrial fibrillation rhythm,

concluding that said sequence segment is a non-atrial firillation rhythm.

[0047]1 15. The method according to embodiments 1-14, further comprising the step of
implementing an at least one data storage device in selective communication with the at least
one computing device and configured for storing data captured by the at least one beat
detector, processed by the at least one computing device, and analyzed by the at least one
classifier.

[0048] 16. The method according to embodiments 1-15, further comprising the step of

positioning the at least one beat detector on a wearable device worn by the user.

[0049] 17. The method according to embodiments 1-16, wherein the step of positioning the
at least one beat detector further comprises the step of positioning an at least one

electrocardiogram device on the wearable device worn by the user.

11



10

o)
(4]

CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

[0050] 18. A method for analyzing and identifying atrial fibrillation signs of a user, the
method comprising the steps of: transmitting to an at least one computing device an at least
one biosignal associated with heart activity of the user as captured by an at least one beat
detector; representing each of an at least one beat of the biosignal with an univocal and
repeatable point; calculating an interbeat interval between each of the at least one beat and an
immediately preceding beat of the biosignal; generating an at least one interbeat interval
sequence consisting of consecutive interbeat intervals of the biosignal; dividing the interbeat
interval sequence into a plurality of finite sequence segments of a pre-defined temporal length
consisting of consecutive interbeat intervals of the interbeat interval sequence; and for each
sequence segment: calculating an interbeat interval difference between each of the at least one
interbeat interval and an immediately preceding interbeat interval of said sequence segment;
encoding an uncorrelated nature of three consecutive interbeat interval differences as a plot
point on a scatter plot; encoding the scatter plot by generating a histogram that represents an
amount of plot points plotted in each particular region of the scatter plot, the histogram
containing a pre-defined number of bins, with each bin having a pre-defined bin width;
normalizing the histogram by dividing a bin count of each bin by the total sum of plot points in
the scatter plot; transmitting the normalized histogram to an at least one classifier in selective
communication with the at least one computing device; and determining, via the classifier, a
probability of said sequence segment being an atrial fibrillation rhythm or a non-atrial fibrillation

rhythm.

[0051] 19. An atrial fibrillation detection system for analyzing and identifying atrial fibrillation
signs of a user, the system comprising: an at least one computing device configured for
receiving and processing an at least one biosignal associated with heart activity of the user as
captured by an at least one beat detector, and subsequently transmitting said processed at
least one biosignal to an at least one classifier configured for determining a probability of the
biosignal being an atrial fibrillation rhythm or a non-atrial fibrillation rhythm; wherein, upon
receiving the at least one biosignal from the at least one beat detector, the at least one
computing device is further configured for: representing each of an at least one beat of the
biosignal with an univocal and repeatable point; calculating an interbeat interval between each
of the at least one beat and an immediately preceding beat of the biosignal; generating an at
least one interbeat interval sequence consisting of consecutive interbeat intervals of the
biosignal; dividing the interbeat interval sequence into a plurality of finite sequence segments of
a pre-defined temporal length consisting of consecutive interbeat intervals of the interbeat
interval sequence; and for each sequence segment: encoding said sequence segment by
generating a scatter plot that represents the dispersion of data associated with the interbeat

interval sequence; encoding the scatter plot by generating a histogram that represents an
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amount of plot points plotted in each particular region of the scatter plot; normalizing the
histogram by dividing a bin count of each bin by the total sum of plot points in the scatter plot;
transmitting the normalized histogram to an at least one classifier in selective communication
with the at least one computing device; and determining, via the classifier, a probability of said

sequence segment being an atrial fibrillation rhythm or a non-atrial fibrillation rhythm.

[0052] 20. The atrial fibrillation detection system according to embodiment 19, wherein while
representing each of the at least one beat of the biosignal with an univocal and repeatable
point, the computing device is further configured for selecting a one of the points having a

maximum absolute derivative value among the biosignal.

[0053] 21. The atrial fibrillation detection system according to embodiments 19-20, wherein

each of the sequence segments has a length of thirty seconds.

[0054] 22. The atrial fibrillation detection system according to embodiments 19-21, wherein

the scatter plot is a two-dimensional scatter plot.

[0055] 23. The atrial fibrillation detection system according to embodiments 19-22, wherein
the computing device is further configured for: calculating an interbeat interval difference
between each of the at least one interbeat interval and an immediately preceding interbeat
interval of said sequence segment ; and encoding an uncorrelated nature of three consecutive

interbeat interval differences as a plot point on the scatter plot.

[0056] 24. The atrial fibrillation detection system according to embodiments 19-23, wherein

the two-dimensional scatter plot is a Lorentz plot.

[0057] 25. The atrial fibrillation detection system according to embodiments 19-24, wherein

the histogram is a two-dimensional histogram.

[0058] 26. The atrial fibrillation detection system according to embodiments 19-25, wherein

the histogram is a three-dimensional histogram.

[0089] 27. The atrial fibrillation detection system according to embodiments 19-28, wherein
the histogram contains a pre-defined number of bins, with the bins each having a pre-defined
bin width.

[0060] 28. The atrial fibrillation detection system according to embodiments 19-27, wherein

the histogram contains forty-nine bins, with each bin having a bin width of 150 milliseconds.

[0061] 29. The atrial fibrillation detection system according to embodiments 19-28, wherein

the bins of the histogram are arranged in a matrix.

~
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[0062] 30. The atrial fibrillation detection system according to embodiments 19-29, wherein

the bins of the histogram are arranged in an array.

[0063] 31. The atrial fibrillation detection system according to embodiments 19-30, wherein
the at least one classifier is an artificial neural network trained for analyzing the normalized

histogram.

[0064] 32. The aftrial fibrillation detection system according to embodiments 19-31, wherein
the artificial neural network uses rectified linear unit hidden networks, softmax activation
function for output neurons, and dropout and max-norm regularization in order to optimize the

performance of the classifier.

[0065] 33. The atrial fibrillation detection system according to embodiments 19-32, wherein
while determining, via the classifier, a probability of said sequence segment being an atrial
fibrillation rhythm or a non-atrial fibrillation rhythm, the computing device is further configured
for: upon the classifier determining that the probability of said sequence segment being an
atrial fibrillation rhythm is relatively greater than the probability of said sequence segment being
a non-atrial fibrillation rhythm, concluding that said sequence segment is an atrial fibrillation
rhythm; and upon the classifier determining that the probability of said sequence segment
being a non-atrial fibrillation rhythm is relatively greater than the probability of said sequence
segment being an atrial fibrillation rhythm, concluding that said sequence segment is a non-

atrial fibrillation rhythm.

[0066] 34. The atrial fibrillation detection system according to embodiments 19-33, further
comprising an at least one data storage device in selective communication with the at least one
computing device and configured for storing data captured by the at least one beat detector,

processed by the at least one computing device, and analyzed by the at least one classifier.

[0067] 35. The atrial fibrillation detection system according to embodiments 19-34, wherein

the at least one beat detector is an electrocardiogram device.

[0068] 36. The atrial fibrillation detection system according to embodiments 19-35, wherein

the at least one beat detector is positionable on a wearable device worn by the user.

[0069] In closing, regarding the exemplary embodiments of the present invention as shown
and described herein, it will be appreciated that an atrial fibrillation detection system and
associated methods of use are disclosed and configured for analyzing and identifying atrial
fibrillation signs. Because the principles of the invention may be practiced in a number of

configurations beyond those shown and described, it is to be understood that the invention is
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not in any way limited by the exemplary embodiments, but is generally directed to an atrial

fibrillation detection system and is able to take numerous forms to do so without departing from
the spirit and scope of the invention. It will also be appreciated by those skilled in the art that
the present invention is not limited to the particular geometries and materials of construction
disclosed, but may instead entail other functionally comparable structures or materials, now

known or later developed, without departing from the spirit and scope of the invention.

[0070] Certain embodiments of the present invention are described herein, including the best
mode known to the inventor(s) for carrying out the invention. Of course, variations on these
described embodiments will become apparent to those of ordinary skill in the art upon reading
the foregoing description. The inventor(s) expect skilled artisans to employ such variations as
appropriate, and the inventor(s) intend for the present invention to be practiced otherwise than
specifically described herein.  Accordingly, this invention includes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law. Moreover, any combination of the above-described embodiments in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.

[0071] Groupings of alternative embodiments, elements, or steps of the present invention are
not to be construed as limitations. Each group member may be referred to and claimed
individually or in any combination with other group members disclosed herein. It is anticipated
that one or more members of a group may be included in, or deleted from, a group for reasons
of convenience and/or patentability. \When any such inclusion or deletion occurs, the
specification is deemed to contain the group as modified thus fulfilling the written description of

all Markush groups used in the appended claims.

{0072] Unless otherwise indicated, all numbers expressing a characteristic, item, quantity,
parameter, property, term, and so forth used in the present specification and claims are to be
understood as being modified in all instances by the term “about.” As used herein, the term
“about” means that the characteristic, item, quantity, parameter, property, or term so qualified
encompasses a range of plus or minus ten percent above and below the value of the stated
characteristic, item, quantity, parameter, property, or term. Accordingly, unless indicated to the
contrary, the numerical parameters set forth in the specification and attached claims are
approximatione that may vary. At the very least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the claims, each numerical indication should at
least be construed in light of the number of reported significant digits and by applying ordinary
rounding techniques. Notwithstanding that the numerical ranges and values setting forth the

broad scope of the invention are approximations, the numerical ranges and values set forth in
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the specific examples are reported as precisely as possible. Any numerical range or value,

however, inherently contains certain errors necessarily resulting from the standard deviation
found in their respective testing measurements. Recitation of numerical ranges of values herein
is merely intended to serve as a shorthand method of referring individually to each separate
numerical value falling within the range. Unless otherwise indicated herein, each individual
value of a numerical range is incorporated into the present specification as if it were individually
recited herein.

[0073] Use of the terms “may” or “can” in reference to an embodiment or aspect of an
embodiment also carries with it the alternative meaning of “may not* or “cannot.” As such, if
the present specification discloses that an embodimerit or an aspect of an embodiment may be
or can be inciuded as part of the inventive subject matter, then the negative limitation or
exclusionary proviso is also explicitty meant, meaning that an embodiment or an aspect of an
embodiment may not be or cannot be included as part of the inventive subject matter. In a
similar manner, use of the term “optionally” in reference to an embodiment or aspect of an
embodiment means that such embodiment or aspect of the embodiment may be included as
part of the inventive subject matter or may not be included as part of the inventive subject
matter. Whether such a negative limitation or exclusionary proviso applies will be based on

whether the negative limitation or exclusionary proviso is recited in the claimed subject matter.

[0074] The terms “a,” “an,” ‘the” and similar references used in the context of describing the
present invention (especially in the context of the following claims) are to be construed to cover
both the singular and the plural, unless otherwise indicated herein or clearly contradicted by
context. Further, ordinal indicators — such as “first,” “second,” “third,” etc. — for identified
elements are used to distinguish between the elements, and do not indicate or imply a required
or limited number of such elements, and do not indicate a particular position or order of such
elements unless otherwise specifically stated. All methods described herein can be performed
in any suitable order unless otherwise indicated herein or otherwise clearly contradicted by
context. The use of any and all examples, or exemplary language (e.g., “such as”) provided
herein is intended merely to better illuminate the present invention and does not pose a
limitation on the scope of the invention otherwise claimed. No language in the present
specification should be construed as indicating any non-claimed element essential to the

practice of the invention.

[0075] When used in the claims, whether as filed or added per amendment, the open-ended
transitional term “comprising” (along with eguivalent open-ended transitional phrases thereof
such as “including,” “containing” and “having”) encompasses all the expressly recited elements,
limitations, steps and/or features alone or in combination with un-recited subject matter; the

named elements, limitations and/or features are essential, but other unnamed elements,
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limitations and/or features may be added and still form a construct within the scope of the

claim. Specific embodiments disclosed herein may be further limited in the claims using the
closed-ended transitional phrases “consisting of” or “consisting essentially of” in lieu of or as an
amendment for “comprising.” When used in the claims, whether as filed or added per
amendment, the closed-ended transitional phrase “consisting of” excludes any element,
limitation, step, or feature not expressly recited in the claims. The closed-ended transitional
phrase “consisting essentially of” limits the scope of a claim to the expressly recited elements,
limitations, steps and/or features and any other elements, limitations, steps and/or features that
do not materially affect the basic and novel characteristic(s) of the claimed subject matter.
Thus, the meaning of the open-ended transitional phrase “comprising” is being defined as
encompassing all the specifically recited elements, limitations, steps and/or features as well as
any optional, additional unspecified ones. The meaning of the closed-ended transitional phrase
“consisting of” is being defined as only including those elements, limitations, steps and/or
features specifically recited in the claim, whereas the meaning of the closed-ended transitional
phrase “consisting essentially of” is being defined as only including those elements, limitations,
steps and/or features specifically recited in the claim and those elements, limitations, steps
and/or features that do not materially affect the basic and novel characteristic(s) of the claimed
subject matter. Therefore, the open-ended transitional phrase “comprising” (aiong with
equivalent open-ended transitional phrases thereof) includes within its meaning, as a limiting
case, claimed subject matter specified by the closed-ended transitional phrases “consisting of”
or “consisting essentially of.” As such, embodiments described herein or so claimed with the
phrase “comprising” are expressly or inherently unambiguously described, enabled and

supported herein for the phrases “consisting essentially of’ and “consisting of.”

[0076] All patents, patent publications, and other publications referenced and identified in the

present specification

are provided solely for their disclosure prior to the filing date of
the present application. Nothing in this regard should be construed as an admission that the
inventors are not entitled to antedate such disclosure by virtue of prior invention or for any other
reason. All statements as to the date or representation as to the contents of these documents
is based on the information available to the applicants and does not constitute any admission

as to the correctness of the dates or contents of these documents.

[0077] It should be understood that the logic code, programs, modules, processes, methods,
and the order in which the respective elements of each method are performed are purely

exemplary. Depending on the implementation, they may be performed in any order or in
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parallel, unless indicated otherwise in the present disclosure. Further, the logic code is not

related, or limited to any particular programming language, and may comprise one or more
modules that execute on one or more processors in a distributed, non-distributed, or

multiprocessing environment.

[0078] The methods as described above may be used in the fabrication of integrated circuit
chips. The resulting integrated circuit chips can be distributed by the fabricator in raw wafer
form (that is, as a single wafer that has multiple unpackaged chips), as a bare die, or in a
packaged form. In the latter case, the chip is mounted in a single chip package (such as a
plastic carrier, with leads that are affixed to a motherboard or other higher level carrier) or in a
multi-chip package (such as a ceramic carrier that has either or both surface interconnections
or buried interconnections). In any case, the chip is then integrated with other chips, discrete
circuit elements, and/or other signal processing devices as part of either (a) an intermediate
product, such as a motherboard, or (b) an end product. The end product can be any product
that includes integrated circuit chips, ranging from toys and other low-end applications to
advanced computer products having a display, a keyboard or other input device, and a central

Processor.

[0079] While aspects of the invention have been described with reference to at least one
exemplary embodiment, it is to be clearly understood by those skilled in the art that the
invention is not limited thereto. Rather, the scope of the invention is to be interpreted only in
conjunction with the appended claims and it is made clear, here, that the inventor(s) believe

that the claimed subject matter is the invention.
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CLAIMS:

1. A method for analyzing and identifying atrial fibrillation signs of a user, the method comprising
the steps of:
receiving, via an at least one computing device, an at least one biosignal associated with heart
activity of the user as captured by an at least one beat detector;
the at least one computing device representing each of an at least one beat of the at least
one biosignal with an univocal and repeatable point;
the at least one computing device calculating an interbeat interval between each of the at
least one beat and an immediately preceding beat of the at least one biosignal;
the at least one computing device generating an at least one interbeat interval sequence
consisting of consecutive interbeat intervals of the at least one biosignal;
the at least one computing device dividing the at least one interbeat interval sequence into a
plurality of finite sequence segments of a pre-defined temporal length consisting of
consecutive interbeat intervals of the at least one interbeat interval sequence; and
for each sequence segment:
the at least one computing device encoding said sequence segment by generating a
scatter plot that represents the dispersion of data associated with the at least one
interbeat interval sequence;
the at least one computing device encoding the scatter plot by generating a histogram
containing a number of bins, wherein the histogram represents an amount of plot
points plotted in each particular region of the scatter plot;
the at least one computing device normalizing the histogram by dividing a bin count of
each bin by the total sum of plot points in the scatter plot;
the at least one computing device transmitting the normalized histogram to an at least one
classifier in selective communication with the at least one computing device; and
the at least one computing device determining, via the at least one classifier, a probability
of said sequence segment being an atrial fibrillation rhythm or a non-atrial fibrillation
rhythm.

2. The method of claim 1, wherein the step of representing each of the at least one beat of the
at least one biosignal with the univocal and repeatable point, further comprises the step of the
at least one computing device selecting a one of the points having a maximum absolute

derivative value among the at least one biosignal.
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3. The method of claim 1, wherein the step of dividing the at least one interbeat interval sequence
into the plurality of finite sequence segments of the pre-defined temporal length, further
comprises the step of the at least one computing device dividing the at least one interbeat
interval sequence into the plurality of finite sequence segments each having a length of thirty

seconds.

4. The method of claim 1, wherein the step of encoding said sequence segment by generating
the scatter plot, further comprises the step of the at least one computing device encoding said
sequence segment by generating a two-dimensional scatter plot.

5. The method of claim 4, wherein the step of encoding said sequence segment by generating
the two-dimensional scatter plot, further comprises the steps of:
the at least one computing device calculating an interbeat interval difference between each of
the at least one interbeat interval and an immediately preceding interbeat interval of said
sequence segment; and
the at least one computing device encoding an uncorrelated nature of three consecutive

interbeat interval differences as a plot point on the scatter plot.

6. The method of claim 5, wherein the step of encoding said sequence segment by generating
the two-dimensional scatter plot, further comprises the step of the at least one computing
device encoding said sequence segment by generating a two-dimensional Lorentz plot.

7. The method of claim 1, wherein the step of generating the histogram further comprises the
step of the at least one computing device generating the histogram containing a pre-defined

number of bins, with the bins each having a pre-defined bin width.

8. The method of claim 7, further comprising the step of the at least one computing device
generating the histogram containing forty-nine bins, with each bin having a bin width of 150

milliseconds.

9. The method of claim 1, wherein the step of transmitting the normalized histogram to the at
least one classifier, further comprises the step of the at least one computing device
transmitting the normalized histogram to an at least one artificial neural network trained for

analyzing the normalized histogram.
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10. The method of claim 1, wherein the step of determining, via the at least one classifier, the

11.

probability of said sequence segment being the atrial fibrillation rhythm or a non-atrial

fibrillation rhythm, further comprises the steps of:

upon the at least one classifier determining that the probability of said sequence segment
being the atrial fibrillation rhythm is relatively greater than the probability of said sequence
segment being a non-atrial fibrillation rhythm, the at least one computing device
concluding that said sequence segment is the atrial fibrillation rhythm; and

upon the at least one classifier determining that the probability of said sequence segment
being a non-atrial fibrillation rhythm is relatively greater than the probability of said
sequence segment being the atrial fibrillation rhythm, the at least one computing device

concluding that said sequence segment is a non-atrial fibrillation rhythm.

A method for analyzing and identifying atrial fibrillation signs of a user, the method comprising
the steps of:
receiving, via an at least one computing device, an at least one biosignal associated with heart
activity of the user as captured by an at least one beat detector;
the at least one computing device representing each of an at least one beat of the at least
one biosignal with an univocal and repeatable point;
the at least one computing device calculating an interbeat interval between each of the at
least one beat and an immediately preceding beat of the at least one biosignal;
the at least one computing device generating an at least one interbeat interval sequence
consisting of consecutive interbeat intervals of the at least one biosignal;
the at least one computing device dividing the at least one interbeat interval sequence into a
plurality of finite sequence segments of a pre-defined temporal length consisting of
consecutive interbeat intervals of the at least one interbeat interval sequence; and
for each sequence segment:
the at least one computing device calculating an interbeat interval difference between
each of the at least one interbeat interval and an immediately preceding interbeat
interval of said sequence segment;
the at least one computing device encoding an uncorrelated nature of three consecutive
interbeat interval differences as a plot point on a scatter plot;
the at least one computing device encoding the scatter plot by generating a histogram that
represents an amount of plot points plotted in each particular region of the scatter plot,
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the histogram containing a pre-defined number of bins, with each bin having a pre-
defined bin width;

the at least one computing device normalizing the histogram by dividing a bin count of
each bin by the total sum of plot points in the scatter plot;

the at least one computing device transmitting the normalized histogram to an at least one
classifier in selective communication with the at least one computing device; and

the at least one computing device determining, via the at least one classifier, a probability
of said sequence segment being an atrial fibrillation rhythm or a non-atrial fibrillation
rhythm.

12. An atrial fibrillation detection system for analyzing and identifying atrial fibrillation signs of a
user, the system comprising:
an at least one computing device configured for receiving and processing an at least one
biosignal associated with heart activity of the user as captured by an at least one beat
detector, and subsequently transmitting said processed at least one biosignal to an at
least one classifier configured for determining a probability of the at least one biosignal
being an atrial fibrillation rhythm or a non-atrial fibrillation rhythm;
wherein, upon receiving the at least one biosignal from the at least one beat detector, the at
least one computing device is further configured for:
representing each of an at least one beat of the at least one biosignal with an univocal
and repeatable point;
calculating an interbeat interval between each of the at least one beat and an immediately
preceding beat of the at least one biosignal;
generating an at least one interbeat interval sequence consisting of consecutive interbeat
intervals of the at least one biosignal;
dividing the at least one interbeat interval sequence into a plurality of finite sequence
segments of a pre-defined temporal length consisting of consecutive interbeat
intervals of the at least one interbeat interval sequence; and
for each sequence segment:
encoding said sequence segment by generating a scatter plot that represents the
dispersion of data associated with the at least one interbeat interval sequence;
encoding the scatter plot by generating a histogram containing a number of bins,
wherein the histogram represents an amount of plot points plotted in each
particular region of the scatter plot;
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normalizing the histogram by dividing a bin count of each bin by the total sum of plot
points in the scatter plot;

transmitting the normalized histogram to an at least one classifier in selective
communication with the at least one computing device; and

determining, via the at least one classifier, a probability of said sequence segment

being an atrial fibrillation rhythm or a non-atrial fibrillation rhythm.

13. The atrial fibrillation detection system of claim 12, wherein while representing each of the at
least one beat of the at least one biosignal with the univocal and repeatable point, the
computing device is further configured for selecting a one of the points having a maximum

absolute derivative value among the at least one biosignal.

14. The atrial fibrillation detection system of claim 12, wherein each of the plurality of finite

sequence segments has a length of thirty seconds.

15. The atrial fibrillation detection system of claim 12, wherein, for each sequence segment, the
computing device is further configured for:
calculating an interbeat interval difference between each of the at least one interbeat interval
and an immediately preceding interbeat interval of said sequence segment; and
encoding an uncorrelated nature of three consecutive interbeat interval differences as a plot
point on the scatter plot.

16. The atrial fibrillation detection system of claim 12, wherein the histogram is a three-
dimensional histogram containing a pre-defined number of bins, with the bins each having a
pre-defined bin width.

17. The atrial fibrillation detection system of claim 16, wherein the histogram contains forty-nine
bins, with each bin having a bin width of 150 milliseconds.

18. The atrial fibrillation detection system of claim 12, wherein the at least one classifier is an
artificial neural network trained for analyzing the normalized histogram.

19. The atrial fibrillation detection system of claim 18, wherein the artificial neural network uses
rectified linear unit hidden networks, softmax activation function for output neurons, and
dropout and max-norm regularization in order to optimize the performance of the at least one
classifier.
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20. The atrial fibrillation detection system of claim 12, wherein the at least one beat detector is an

electrocardiogram device.

24

Date Recue/Date Received 2022-07-11



CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

1/6

20

24 (\) 26

BEAT DETECTOR

CLASSIFIER

22
COMMUNICATION

PROTOCOL

COMPUTING DEVICE

DATA 28
32 STORAGE ~—v”
MEMORY A~ DEVICE
USER APP T 30

Fig. 1

DISPLAY SCREEN et 34




CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

2/6

[ mEoN 202 204 206 208
s - /

Determine Calculate Interbeat
Capture Biosignal ¥ Receive Biosignal | Representative Point —p
Intervals
for Beats
212 210
Divide Interbeat
Move to First <« Interval Sequence <« Generate Interbeat
Sequence Segment into Sequence Interval Sequence
YES Segments
214 216
Move to Next Calculate Interbeat Encode I_nterbeat
. —» Interval Differences
Sequence Segment Interval Differences on Scatter Plot
222 220
Transmit Normalized Generate Histogram
Histogram to Normalize Histogram Based on Scatter
Analyze Further Classifier for Analysis Plot
Biosignals?
A 218

Sequence Segment

YES» TS AF Rhythm M
226

i 228 .ITigy. 2

Sequence Segment "'/
is non-AF Rhythm

NO

Additional
Sequence
Segments?




CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

3/6

42 42 42 42 f 42

{RRH-ZJ"'RRH-4J RRn-3J RRn-ZJ RRn-b RRn: RRH+1J RRn+25 RRH+3J RRn+4J"'RRn+Z}

L ),
84 Flg 3B




CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

4/6
50\ Lorentz Plots /52

3.75 \ -
v 46

0.25

Sinusal R'\:‘l?/tﬁlr:n %“ 0 *.-\\ Fig. 4A

-3.75 -0.5 D286 i} 0.25 0.5 0.75

0.5

No AF:
Sinusal Rhythm
with Ectopic Beats

ARF%M
=

DR Fig. 4B

-0.8

05 1 1.5

48 0.75 46

0.25 -

Atrial Fibrillation E,Ef ° T Flg 4C

05 48

.75 -0.5 -0.25 G .25 0.5 .75
ﬁgRRn



CA 03045707 2019-05-31

WO 2017/097858 PCT/EP2016/080146

5/6
Histograms

No AF:
Sinusal Rhythm

No AF:
Sinusal Rhythm
with Ectopic Beats

Atrial Fibrillation




WO 2017/097858

CA 03045707 2019-05-31

6/6

Matrix Views of Normalized Histograms

PCT/EP2016/080146

62

62

6B

045 b S
02
{15
No AF: T
- o
Sinusal Rhythm %
-5 -
ROk)
ArAG
-345 33 -0 "%5 i e ‘1‘3 03 OM
ARR”
i /
03p-
LR 50 SR
No AF: .
_ Sinusal _Rhythm g Flg.
with Ectopic Beats
Rl £
03
N . 4
045 o{ll3 318 &‘3 0.5 .3 ‘
ANRﬂ

62

1

Atrial Fibrillation

%
foq

o
3

-
‘g/g}%kg}f b
‘?i\yknt,{ . ;agu\\ if’g

§ . o

Q:Agvf’

L
. %%% ];3
L =
L
- »“3‘3 -0‘3 RNt 0 .35 &173
ARR




%0~ LorentzPlots %
o
: - 4//4 G
.
o AF: T
Sinusal Rhythm = A
54 e 48
\ 56
" L
AT 3 0. (3 3 .75
R,
/45
.
~ \ -
No AF: 3
Sinusal Rhythm g 2 B
With Ectoplc Beats
A
&Ky & 3 .
S
o 46
4& . ‘—/
e
.
.
P
.
b
Atrial Fibriation & T
I
*
v
5 R




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - ABSTRACT
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - CLAIMS
	Page 27 - CLAIMS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - REPRESENTATIVE_DRAWING

