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(57) ABSTRACT

A system for processing ECG recordings from multiple
patients includes a preprocessing database containing unpro-
cessed ECG records from multiple patients, a reporting
database containing processed ECG records from multiple
patients, a processor, and a triage module executable on the
processor to assess each of the unprocessed ECG recordings
from the multiple patients. The triage module is executable
to detect a presence or absence of one or more known
abnormalities and determines at least one abnormality iden-
tifier based on the detected known abnormality. One or more
abnormality groups are then identified based on the abnor-
mality identifiers. A normal group of ECG recordings from
multiple patients is then identified from those ECG record-
ings that are not in the abnormality group. The normal group
of ECG recordings is then stored in the reporting database
then associated a normal identifier.
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SYSTEM AND METHOD FOR PROCESSING
ECG RECORDINGS FROM MULTIPLE
PATIENTS

BACKGROUND

[0001] Detection and/or monitoring of certain cardiac dis-
orders and diseases require long term intermittent ECG
monitoring. Irregular heart beat, for example, is a group of
disorders that are often not persistent or chronic, and thus
often not present when a resting 12-lead ECG is obtained.
This has prompted the development of easy-to-use long-
term ECG recording devices, which typically rely on a
single lead ECG or a small number of leads. These include
electrode patches that can be continuously worn for weeks
at a time or simple hand-held ECG devices that can be used
by the patient to periodically (yet regularly) capture 30
seconds of ECG data.

[0002] Atrial fibrillation (“AFIB”) is the most common
form of an irregular heartbeat. In AFIB, the heart’s atrial
walls do not produce an organized contraction and instead
quiver. Thus, no organized heart beat rhythm can be detected
from a patient experiencing AFIB. This arrhythmia puts
patients at significant risk because it allows blood to pool
and stagnate in the left atrium and, thus, form a clot. This
clot can slough off and travel up to the brain where it can
block sufficient blood flow to a portion of the brain where
upon it will begin to die, thus causing a stroke. AFIB causes
up to a quarter of all strokes and is often undetected until a
stroke occurs. It is estimated that approximately a third of
AFIB is asymptomatic. The prevalence of AFIB is high and
age dependent, from 0.7% in the ages 55-59 to 17.8% for 85
years or older. Yet, AFIB is notoriously hard to detect.
[0003] Intermittent AFIB has been found to increase the
risk of stroke, although perhaps to a lesser degree than
persistent AFIB. Moreover, it has been found that a signifi-
cant portion of those who suffer from transient ischemic
attacks or cryptogenic strokes have intermittent AFIB. Thus,
there is increased interest in recording transient episodes of
AFIB which requires something other than the use of a
diagnostic resting ECG device. However, detecting AFIB in
an ECG recording poses challenges.

[0004] The most common method for automatically
detecting AFTB in ECG recordings relies heavily on the fact
that AFIB is a chaotic atrial arrhythmia, randomly conducted
to the ventricles. As such, the time periods between features
of the QRS waves, as measured by the RR intervals, should
be continuously varying in the presence of AFIB. It is this
attribute of AFIB, that it is a continuously chaotic rhythm,
that is used by most ambulatory ECG analysis programs to
detect AFIB. However, RR intervals of normally conducted
beats can vary for other types of benign arrhythmias that are
not AFIB. Examples include premature atrial complexes
(PACs) or sinus arrhythmia (SA), which are both quite
common in the normal population. While these benign
arrhythmias do exhibit as variability in RR intervals, these
arrhythmias are not actually continuously chaotic or ran-
dom. Differentiating between benign arrhythmias and AFIB
requires specialized training and is time consuming.

SUMMARY

[0005] This Summary is provided to introduce a selection
of concepts that are further described below in the Detailed
Description. This Summary is not intended to identify key or
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essential features of the claimed subject matter, nor is it
intended to be used as an aid in limiting the scope of the
claimed subject matter.

[0006] A system for processing ECG recordings from
multiple patients includes a preprocessing database contain-
ing unprocessed ECG records from multiple patients, a
reporting database containing processed ECG records from
multiple patients, a processor, and a triage module execut-
able on the processor to assess each of the unprocessed ECG
recordings from the multiple patients. The triage module is
executable to detect a presence or absence of one or more
known abnormalities and determines at least one abnormal-
ity identifier based on the detected known abnormality. One
or more abnormality groups are then identified based on the
abnormality identifiers. A normal group of ECG recordings
from multiple patients is then identified from those ECG
recordings that are not in the abnormality group. The normal
group of ECG recordings is then stored in the reporting
database then associated a normal identifier.

[0007] A method of processing ECG recordings from
multiple patients includes receiving a batch of ECG record-
ings from multiple patients wherein each ECG recording is
a time series of ECG data recorded from a patient, and
assessed to detect the presence or absence of one or more
known abnormalities, and an abnormality identifier is then
determined based on the detected known abnormality. One
or more abnormality groups are then identified within the
batch of ECG recordings based on the abnormality identi-
fiers. A normal group of ECG recordings is identified within
the batch of ECG recordings that are not in the one or more
abnormality groups. Each ECG recording in the normal
group is then stored in a database in conjunction with the
normal identifier.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present disclosure is described with reference
to the following Figures.

[0009] FIG. 1 schematically depicts one embodiment of a
system for processing ECG recordings from multiple
patients.

[0010] FIG. 2 schematically depicts on embodiment of a
method for processing ECG recordings from multiple
patients.

[0011] FIG. 3 is a schematic diagram of a computing
system that incorporated in one embodiment of a system for
processing ECG recordings from multiple patients.

[0012] FIGS. 4-6 depict embodiments of methods, or
portions thereof, for processing ECG recordings from mul-
tiple patients.

[0013] FIG. 7 provides tables depicting exemplary logic
that may be utilized as part of a method of processing ECG
data to detect atrial fibrillation according to the present
disclosure.

[0014] FIG. 8 is a flowchart representing one embodiment
of a method of processing ECG data to detect atrial fibril-
lation.

DETAILED DESCRIPTION

[0015] Independent Diagnostic Testing Facilities (IDTFs)
are often challenged with receiving and processing the
massive amounts of ECG data recorded by these long-term
ECG recording devices that monitor a patient for weeks or
months at a time. IDTFs are tasked with viewing and editing
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thousands of ECG recordings per day. Furthermore, the
amount of time and expertise necessary to evaluate each of
these tracings is not the same. Some may require a special-
ized clinician with training and expertise in detection of
certain abnormalities (e.g., AFIB) and take minutes to evalu-
ate; others are relatively simple and can be reviewed by a
novice clinician in only a few seconds. This is often due to
the following factors: (1) poor signal quality and/or high
levels of noise; (2) the duration of the arrhythmic event; and
(3) the degree of complexity of the arrhythmic event. Due to
these reasons, laboratory services often use manual methods
to triage the reading of recordings, such as to allocate them
to different staff members that have different skill sets. These
manual methods require significant manpower and time,
which raises the price of lab services and the delay in
providing results.

[0016] In view of the recognition of the forgoing problems
and challenges faced in the review of massive amounts of
ECG recordings from long-term ECG recording devices, the
inventors developed the present system and method for
triaging sets, or batches, of ECG recordings from multiple
patients. The disclosed system and method for processing
ECG recordings from multiple patients divides the ECG
recordings into a noise group, a normal group, and one or
more abnormality groups. Here, “normal” is used to refer to
a recording where no abnormality is detected, and thus
“normal” is a relative term since the detection might not
cover all ECG abnormalities. An additional group of con-
ditions based on several ECG parameters are used to
increase the accuracy of the interpretation of an ECG as
normal. The abnormality groups are then directed for spe-
cialized clinician review based on the detected abnormality.
In certain embodiments, the normal group may be stored
directly in the reporting database and may bypass the one or
more clinician review stages, thereby saving significant
review time by clinicians, which ultimately speeds up and
reduces the cost of IDTF services. In certain embodiments,
a triage module, which is a software module configured to
conduct an initial assessment of the unprocessed ECG
recordings from multiple patients in order to triage and
group the ECG recordings as described above. In certain
embodiments the triage module may be configured to oper-
ate in nwltiple different modes that adjust the sensitivity/
specificity of the algorithm for grouping the ECG record-
ings, such as for detecting one or more known abnormalities
in a respective ECG recording.

[0017] The inventors recognized a need for a robust and
reliable system and method for automatically detecting
AFIB that can process any ECG data—e.g., regardless of
signal source, lead arrangement or number of leads, sample
frequency, data resolution, noise level, etc.—to facilitate
triaging the thousands of ECG recordings received by an
IDTF daily.

[0018] FIG. 1 depicts one embodiment of a system 1 for
processing ECG recordings 10 from multiple patients 3. In
the figure, multiple ECG monitors 5 record time series ECG
data from patients 3. In the depicted embodiment, each ECG
monitor 5 is receiving potentials from two electrodes 7
attached to the respective patient 3. Thus, one lead of ECG
data is recorded by each ECG monitor 5, which may be
recorded over a very long period of time, such as days,
weeks, or months. As described above, the ECG data may be
recorded in intervals, such as intervals of thirty seconds or
as long as several minutes. Alternatively, the ECG monitor

May 9, 2019

5 may be configured to continually record ECG data from
the patient. The ECG recordings 10 are then transmitted or
transferred to the central monitoring system 8 for storage
and communication to a central processing facility, such as
by an IDTF. For example, the central monitoring system 8
may be a network that receives and aggregates transmissions
from a multitude of ECG monitors 5, which may be affiliated
with a medical provider or with and IDTF. In other embodi-
ments, the central monitoring system 8 may be eliminated
and the ECG monitors § may communicate directly with the
computing system 200 of the central processing facility.
Transmissions between the patient monitors 5 and the cen-
tral monitoring system 8 and/or between the central moni-
toring system 8 and the central processing facility may be by
any data transmission means and/or protocol, which prefer-
ably are sufficiently secure to protect patient confidentiality.

[0019] Upon receipt at the computing system 200 of the
central processing facility, the batch or group of ECG
recordings 10 from the multiple patients 3 may be stored in
a pre-processing database 11 containing ECG recordings
awaiting triage processing. The computing system 200 at the
central processing facility, such as an IDTF, include a
pre-processing database containing unprocessed ECG
recordings from the multiple patients 3, and a triage module
12 that processes the ECG recordings 10 from the pre-
processing database and sorts them into groups of ECG
recordings, and directs those groups to further storage loca-
tions or systems, such as the abnormality database 13 and
the reporting database 15. The triage module 12 may be
comprised of several different sub-modules containing com-
puter executable instructions for detecting and analyzing
noise level, detecting a presence or absence of one or more
known abnormalities, and/or detecting whether a normal
sinus rhythm is present in each respective ECG recording
10. For example, the triage module 12 may include a noise
analytic module 21, an abnormality detection module 23,
and a normal detection module 25. Moreover, each of those
modules 21 through 25 may include further submodules
containing computer executable instructions for carrying out
various tasks. For example, the abnormality detection mod-
ule 23 may include various submodules for detection of
particular types of abnormalities. Highlighting just one
example described in detail herein, the abnormality detec-
tion module 23 may include on or more submodules for
detection of AFIB within an ECG recording 10.

[0020] The noise analytic module 21 may be configured to
determine a noise level for each of the ECG recordings from
the multiple patients and identify a noise group of ECG
recordings from the multiple patients as those ECG record-
ings 10 having a noise level above a threshold noise level.
For example, the noise level may be a signal-to-noise ratio,
which is then compared to one or more corresponding
signal-to-noise thresholds for determining whether an ECG
recording 10 can provide sufficiently reliable information
regarding the patient’s actual cardiac rhythm. For example,
the noise level may be placed on a noise scale, or may
otherwise be indicated by assigning any one of three or more
values. In other embodiments, the noise level may incorpo-
rate or include a reliability threshold determination, such as
a positive value if the noise exceeds a noise threshold and a
negative value (or a zero) if the noise does not exceed a
threshold.

[0021] In the embodiment of FIG. 2, the noise analytic
module 21 isolates those ECG recordings 10 from a batch of
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ECG recordings from multiple patients 3 that are too noisy
to provide reliable information about the respective patient’s
physiology by grouping those recordings into a noise group
22. Those ECG recordings 10 and the noise group 22 may
then be removed from the larger group requiring assessment,
such as for determination of whether the ECG recording
represents an abnormality or a normal sinus rhythm. For
example, those ECG recordings 10 and the noise group 22
may each be associated with a noise designator indicating to
the system 1 and/or to any reviewing clinician that the
recording is noisy and should be generally ignored. The
noise group 22 of ECG recordings 10 may be stored in a
separate database, or may be maintained with the other ECG
recordings, such as in the reporting database 15, and main-
tained with the associated noise indicating their group status.

[0022] The ECG recordings 10 that are not in the noise
group 22 may be reviewed within the triage module 12
according to logic for detecting the presence or absence of
one or more known abnormalities. For example, logic may
be included to identify various abnormalities, such as atrial
fibrillation, artificial pacing, ectopic atrial rhythm, atrial
flutter, junctional rhythm, premature atrial contractions
(PACs), or others. Similarly, logic may be included to detect
the presence of sinus elements that may rule out certain or
all abnormalities, including the presence of a p-wave or a
normal sinus rhythm, such as an assessment with respect to
a group of key ECG parameters an corresponding normal
ranges. Such key parameters may include, for example, heart
rate, PR interval, QRS duration, QT/QTec intervals (wherein
QTc is heart rate corrected QT interval), and/or others. The
inventors have recognized that such an abnormality check
relying on key parameters can be especially appropriate for
interpreting ECG recordings involving relatively few input
leads (such as 3 leads) and where the signal-to-noise ratio is
relatively low compared to a clinically-administered ECG
recording—factors which are common with long-term ECG
recordings. However, in other embodiments, the triage mod-
ule 12 may be configured to make a more exhaustive,
traditional diagnostic ECG assessment.

[0023] The abnormality detection module 23 may include
logic to detect numerous different abnormalities and to
assign an abnormality identifier 36 accordingly. To provide
Just one example, upon recognizing features consistent with
premature atrial contractions, the abnormality detection
module 23 may assign a PAC identifier to the respective
ECG recording 10. That ECG recording 10 may then be
assigned to an abnormality group 24 accordingly, such as to
a PAC abnormality group comprising ECG recordings 10
with PAC abnormality identifiers. Likewise, the abnormality
detection module 23 may further include logic for detecting
the presence of atrial fibrillation and signing an AFIB
identifier and creating an AFIB abnormality group to isolate
those ECG recordings 10 where atrial fibrillation appears to
be present.

[0024] The ECG recordings 10 in each abnormality group
24a-24r are directed for review by a respective specialized
clinician 28a-28#n. As such, the abnormality groups 24a-24r
may be stored in one or more abnormality databases 13. For
example, each abnormality group 24a-24» may be stored in
a dedicated abnormality database 13 from which the respec-
tive specialized clinician 28a¢-28» may fetch the ECG
recordings 10 therefrom. Alternatively, multiple or all abnor-
mality groups 24a-24n may be stored in a single abnormality
database 13, and the specialize clinicians 284-28% may
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locate the ECG recordings 10 from the respective abnor-
mality group 24a-24n based on the abnormality identifiers.

[0025] The triage module 12 may further be configured to
identify a normal group 26 containing ECG recordings 10
from the multiple patients 2 that exhibit a normal sinus
rhythm, and/or exhibit normal ranges for key ECG param-
eters, like a normal PR interval, QRS duration, and QT/QTc.
For example, the normal ECG recordings may be isolated
from those ECG recordings 10 that are not in the noise group
22 or in the one or more abnormality groups 24a through
245. In certain embodiments, a normal detection module 25
may assess those recordings where no abnormality was
detected to determine whether a normal sinus rhythm is
dominant, or likely dominant, in the respective ECG record-
ing 10. In certain embodiments, where a sinus rhythm is
detected in the abnormality detection module 23, such ECG
recording 10 may be further assessed (either by the abnor-
mality detection module 23 or the normal detection module
25) to determine whether a normal sinus rhythm is dominant
within the ECG recording. For example, a beat-by-beat
assessment of the respective ECG recording may be made to
determine whether the normal sinus rhythm is detected more
often than not, or at least a threshold percentage of the beats
in the ECG recording 10.

[0026] Incertain embodiments, the normal detection mod-
ule 25 may calculate a normal confidence level for each
ECG recording in the normal group, and those ECG record-
ings 10 having at least a threshold normal confidence level
may be stored directly into the reporting database 15 and
may bypass the clinician review process. The confidence
level is determined based on the ratio of normal ECG called
from multiple segment analysis, noise level, etc. For
example, if 9 out of 10 ECG segment analysis are called
normal and the noise level is low, then the confidence level
is very high. On the other hand, if only 4 out of 10 segment
analyses are called normal, or most ECG segments are very
noisy, then the confidence level is low. Those ECG record-
ings 10 having a normal confidence level that is below the
threshold normal confidence level may then be directed to a
clinician for review accordingly. For example, each ECG
recording 10 assigned to the normal group 26 may receive
a normal identifier 40 and normal confidence level 41 may
be associated with the ECG recording 10. The reviewing
clinician may then see the normal identifier 40 and normal
confidence level 41, which provides information that can be
utilized to reduce the review time. Moreover, the ECG
recordings 10 may be directed accordingly.

[0027] In certain embodiments, the noise level logic may
be incorporated into one or more other modules, such as the
abnormality detection module 23 and/or the normal detec-
tion module 25, or may be otherwise incorporated into other
signal processing tasks rather than as an initial determination
and initial isolation of a noise group. In certain embodi-
ments, the excessively noisy ECG recordings may be filtered
out by the abnormality detection module 23 and/or the
normal detection module 25 such that they are not included
in either the normal group 26 or the one or more abnormality
groups 24a-24n. Thus, the noise group 22 may not be
formed as an initial processing task (or perhaps not formed
at all). For example, the noise level may be accounted for in
the confidence level calculation for the normal or abnormal
classifications. Those and other examples of such embodi-
ments are described hereinbelow.
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[0028] FIG. 4 depicts one embodiment of a method of
processing ECG waveforms for multiple patients and, more
specifically, a portion thereof relating to identifying a normal
group of ECG recordings 10 and routing the normal ECG
recordings to the reporting database 15 or to a clinician for
review. At step 102 a sinus rhythm is detected in the time
series of ECG data and an ECG recording 10. The sinus
rhythm detection may occur, for example, as part of the
abnormality detection process executed by instructions
within the abnormality detection module 23, and/or may
occur by executing the instructions within the normal detec-
tion module 25. For example, detection of a sinus rhythm
may occur at steps executed to rule out the possibility of
AF1B or other abnormalities where an irregular heartbeat is
present.

[0029] If a sinus rhythm is detected at step 102 and no
abnormality is detected at step 104, then step 105 may be
executed to assess whether the respective time series of ECG
data exhibits key parameters that fall within a normal range,
such as a normal heart rate, PR interval, QRS duration, and
QT/QTc intervals. If all key ECG parameters are not within
the normal range at step 105, then the ECG recording 10 is
directed for clinician review (represented at step 113).
Assuming that the key ECG parameters are in normal range
at step 103, the ECG recording 10 may be assigned to the
normal group 26 at step 106. In certain embodiments, the
normal group may be further refined by further assessing to
determine that a normal sinus rhythm is dominant in the
respective ECG recording 10 and/or that excessive noise is
not present (especially if the noise group is not separated out
at an earlier stage). For example, instructions may be
executed at step 108 to determine a sinus rhythm call value
indicating the percentage or number of sinus rhythm calls
within the ECG recording 10. A normal confidence level 41
is determined at step 110 based, at least in part, on the sinus
rhythm call value. The normal confidence level 41 repre-
sents the likelihood that a normal sinus rhythm is dominant
in the respective ECG recording 10. For example, a sinus
rhythm call value indicating that a normal sinus rhythm was
detected in a high percentage of the heartbeats within the
ECG recording would translate into a high normal confi-
dence level 41. Conversely, a low sinus rhythm call value
where a normal sinus rhythm was detected in only a small
percentage of the ECG recordings would translate into a low
normal confidence level 41.

[0030] Other aspects of the recording may be accounted
for in the normal confidence level 41, such as the noise level.
In certain embodiments, the normal confidence level 41 may
be reduced based on the detection of noise. For example, the
confidence level reduction may be a sliding scale based on
the noise level, where the higher the noise level the greater
the reduction in confidence level.

[0031] The normal confidence level 41 for a particular
ECG recording is compared to a normal confidence level
threshold at step 112. If the normal confidence level 41 does
not exceed the threshold, then the ECG recording 10 is
directed for clinician review at step 113. If the normal
confidence level does exceed the threshold, then it may be
directed to the reporting database 15 at step 114, where it is
saved in preparation for inclusion in an ECG report 18 for
review by the ordering physician and/or inclusion in the
patient’s medical record. Thus, those ECG recordings 10
having a normal confidence level 41 that exceeds the thresh-
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old are automatically reported and bypass the need for
clinician review, unless other circumstances occut.

[0032] In certain embodiments, the threshold normal con-
fidence level may be adjusted to make the algorithm more
specific or more sensitive to classifying ECG recordings 10
in the normal group 26 that bypasses clinician review. For
example, the normal detection model 25 may have a sensi-
tivity/specificity mode setting where the threshold normal
confidence level is adjusted accordingly. For example, in a
high specificity mode the algorithm may have a high speci-
ficity for detecting normal ECG rhythms that can bypass
clinician review, thereby increasing the requirement for
categorization into the normal group 26—e.g. the threshold
normal confidence level is set to a higher value. Conversely,
the sensitivity of the bypass determination may be increased
in order to capture a greater number of the normal ECG
recordings 10 that will bypass clinician review by having a
high sensitivity mode—e.g., where the threshold normal
confidence level is set to a lower value. Similarly, other
modes may be provided between the high sensitivity mode
and the high specificity mode, such as a balanced mode
where the threshold confidence level is set to a value in
between that for the high sensitivity mode and the high
specificity mode.

[0033] FIG. 5 depicts another embodiment of a method
100 of processing a group of ECG wave forms from multiple
patients, and specifically a portion thereof relating to abnor-
mality detection. In the specific example exemplified at FIG.
5, the steps are directed to detection of atrial fibrillation,
which provides just one example of the various abnormali-
ties that the abnormality detection module 23 may be
configured to detect. At step 119 an ECG recording 10 is
retrieved, such as an ECG recording that is not removed by
the noise analytic module 21. Alternatively, the ECG record-
ing 10 may be retrieved directly from the pre-processing
database 11. A sensitivity/specificity mode is determined at
step 120. Such mode may be determined based on user input
or based on other variables known to the system. One
example of such a mode determination is provided and
described below with respect to FIG. 6. For example, a mode
may be selected between a high sensitivity mode, a high
specificity mode, and a balanced mode. The specificity/
sensitivity mode selection dictates the operation of the
abnormality detection, and may affect various determina-
tions or thresholds, examples of which are described at
various locations herein.

[0034] The ECG recording 10 is then processed with both
a beat module 312, at step 122, and a segment module 314,
at step 124. As described in further detail below, the beat
module 312 conducts a beat-by-beat analysis of a time series
of ECG data to detect AFIB based on rhythm variability,
such as variation in the RR interval, and the segment module
314 breaks the time series of ECG data into time segments
of data, which may be overlapping time segments, and
analyzes the time segments to determine whether AFIB is
present or absent based on eliminating the probability of
other rhythms and arrhythmia types. Thereby, the depicted
AF1IB detection method uses two different ECG processing
methods in parallel to process the ECG data. The results of
the beat module 312 and the segment module 14 are then
compared at step 112 to determine an AFIB identifier
indicating the presence or absence of AFIB in the relevant
section of ECG data, and in the overall ECG recording 10.
For example, the output of the beat module 312 and the
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segment module 314 may be assessed by an AFIB detection
module that executes varying logic to compare the outputs,
such as based on the sensitivity/specificity mode.

[0035] The AFIB detection module 316 may be further
configured to determine an AFIB confidence level (which is
one example of an abnormality confidence level) 38 repre-
senting the confidence of the presence of AFIB in the ECG
recording 10, or respective portion thereof. For example, the
AFIB confidence level 38 may be determined as a running
value based on all previous AFIB identification values 36 for
the respective ECG recording 10.

[0036] In certain embodiments, the AFIB confidence level
38 may be decreased when significant noise is present in the
ECG recording 10. For example, when the noise level
exceeds a noise level threshold, the confidence level may be
reduced by a predetermined amount. To provide just one
example, the AFIB confidence level 38 may be reduced by
20% upon detection of at least the threshold noise. In such
embodiments, the noise level detection may be accounted
for without providing a separate noise analytic module 21 or
preprocessing to divide out the noise group 22.

[0037] Once all of the respective ECG recording 10 has
been processed by the AFIB detection module 316, and one
or more AFIB identifiers 36 and an AFIB confidence level 38
have been determined for the respective ECG recording,
then step 128 is executed to determine whether the AFIB
confidence level 38 exceeds a confidence level threshold. As
described above with respect to the normal confidence level
threshold, the AFIB confidence level threshold may be
increased or decreased based on the selected sensitivity/
specificity mode. If the AFIB confidence level 38 is not
greater than the threshold, then the ECG recording is not
classified into the AFIB group at step 129. In certain
embodiments, assessment may continue for detection of
other abnormalities, or if no abnormality is detected by the
abnormality detection module 23, then the ECG recording
10 may be assessed by the normal detection module 25 as
described above.

[0038] If the AFIB confidence level 38 does exceed the
threshold, then the respective ECG recording 10 is assigned
to the AFIB group at step 130. The ECG recordings 10
assigned to the AFIB group are then reviewed by a respec-
tive specialized clinician 28a-28% at step 132, where the
specialized clinician 28 is sufficiently trained and certified
for competent detection of AFIB in ECG wave forms.
Moreover, the AFIB identifier 36 and AFIB confidence level
38 can provide additional information, over and above the
ECG data, which can be used by the specialized clinician 28
to assess the ECG recording 10. The specialized clinician 28
either confirms or rejects the AFIB identification generated
by the abnormality detection module 23, and provides input
accordingly. At step 134, if the specialized clinician has
confirmed the AFIB detection, then the respective ECG
recording 10 is stored in the reporting database 15 with the
AFIB identifier, represented at step 136. If the specialized
clinician does not confirm, and instead rejects the AFIB
identification, then the ECG recording 10 is rerouted for
further analysis at step 135. For example, the specialized
clinician may route the ECG recording to a different spe-
cialized clinician 28a-28n for review, or may provide a
different abnormality identifier 36 and may store that abnor-
mality identifier in the reporting database 15 with the ECG
recording 10.
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[0039] FIG. 6 depicts one embodiment of a method 100
portion for determining the sensitivity/specificity mode,
which in the depicted embodiment is determined based on
previous abnormality identifiers for the patient. The previ-
ously processed ECG’s for the particular patient associated
with the currently-assessed ECG recording 10. If a previous
abnormality identifier is associated with one of those pre-
viously-processed ECG recordings for the particular patient,
as determined at step 142, then the high sensitivity mode is
selected at step 144. In certain embodiments, the high
sensitivity mode may be selected for certain abnormality
detection algorithms based on the previous abnormality
identifier(s). If no previous abnormality identifier is detected
at step 142, then the high specificity mode is selected at step
143.

[0040] FIG. 5 depicts one embodiment of a method 100 of
processing ECG recordings 10 to detect AFIB Likewise, the
AFIB detection steps depicted in FIG. 5 provide just one
example of abnormality detection, including determination
of an abnormality identifier 36 and an abnormality confi-
dence level 38, which in other embodiments would represent
other abnormalities determined according to differing logic.

[0041] FIGS. 7-8 provide further exemplification of AFIB
detection that could be implemented, such as in the method
shown and described at FIG. 5. In the example at FIG. 8, the
sample points of the time series of ECG data from the ECG
recording 10 are continually received and processed in
parallel by the beat module 312 and segment module 314.
The time series of ECG data is thus processed by both
modules, which utilize differing analysis methods to deter-
mine whether AFIB is present throughout the time series of
BCG data. The results of the beat module 312 and the
segment module 314 are then compared to generate an AFIB
identifier 36 indicating the presence or absence of AFIB in
the relevant section of ECG data. If results of both
approaches agree, namely the output of each of the beat
module 312 and the segment module 314 provide the same
determination regarding the presence or absence of AFIB,
then the result is more likely to be correct.

[0042] The beat module 312 determines a beat AFIB value
based on a timing of each identified heartbeat in the time
series of ECG recordings 10, wherein the beat AFIB value
represents a presence or absence of AFIB based on variabil-
ity in the timing of each identified heartbeat. In one embodi-
ment, the beat AFIB module 312 utilizes a Hidden Markov
Model (HMM) to continually process the time series of ECG
data and statistically assess whether AFIB is present. In one
embodiment, the HMM is configured to represent the RR
intervals, such as with respect to a sliding average RR
interval, in one of two states: chaotic or organized, or AFIB
or NO AFIB, respectively. For example, the HMM may be
trained using a database of ECG data selected to contain
AFIB, normal sinus rhythm, and other rhythms considered
likely to be confused with AFIB. For each beat, the current
score of HMM value is updated. Then a buffer containing
previous history of HMM score is also updated. The average
HMM score is calculated for every updating cycle, which is
the beat AFIB value. The timing of the beat AFIB value
calculation may correspond with the output of the segment
module 314 so that the values can be accurately compared
to determine the AFIB identifier 36. For example, the beat
AF1IB value may be outputted every five seconds, and the
segment module 314 may analyze time segments that shift
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by five seconds, such as overlapping time segments having
a start time that shifts by five seconds.

[0043] In one embodiment, the segment module 314 is
operated to perform a running mode analysis of overlapping
segments of the ECG recordings 10 to produce a segment
AFIB value for each overlapping segment of the ECG
recordings 10. For example, the segment module 314 may
comprise software instructions executable to identify
whether any rhythm from a set of known rhythms, which
may include various arrhythmia patterns, are likely to be
present in the time segment of ECG recordings 10, in which
case it would rule out the presence of AFIB. To provide just
a few examples, the set of known rhythms (which include
known arrhythmia patterns) may include any one or more of
the following: the presence of P-waves, artificial pacing,
ectopic atrial rhythm, atrial flutter, junctional rhythm, or
PACs. For example, if the presence of P waves or PACs are
detected, then the presence of AFIB in the time segment may
be ruled out.

[0044] The segment module 314 divides the time series of
ECG recordings 10 into consecutive time segments, which
may be overlapping time segments. The ECG data in each of
the time segments has been analyzed to determine a segment
AFIB value for that time segment, wherein the segment
AFIB value indicates a presence or absence of AFIB in the
time segment based on whether any of the set of known
rhythms are identified. For example, the time segments may
be ten second segments of the ECG recordings 10. In one
embodiment, the segment module 314 may overlap the time
segments such that each sample in the ECG recordings 10 is
analyzed as part of at least two time segments. For example,
the segment module 314 may be configured to shift the time
segments in five second increments. In an embodiment
where the time segments are ten seconds long, each data
point, or sample, will be analyzed as part of two time
segments. This provides a robust data analysis.

[0045] In certain embodiments, the AFIB detection meth-
ods and logic executed by the segment module 314 may
have some hysteresis effect where once a normal sinus
rhythm (NSR) is detected the segment AFIB value may rule
out the presence of AFIB for a number of time segments. For
example, as seen in FIG. 7, once a normal sinus rhythm is
detected the segment AFIB value remains at 0 for two five
second intervals following detection of the normal sinus
rhythm. Thus, once a normal sinus rhythm is detected, it
takes a few analysis intervals for the segment AFIB value to
flip back to AFIB as the running answer.

[0046] The system 1 further includes an AFIB detection
module 316 that determines an AFIB identifier 36 based on
the beat AFIB value and the segment AFIB value. If both the
beat AFIB value and the segment AFIB value indicate the
presence of AFIB, then the AFIB identifier 36 will also
indicate the presence of AFIB. If the beat AFIB value and the
segment AFIB value both indicate an absence of AFIB, then
the AFIB identifier 36 will be zero or otherwise indicate an
absence of AFIB. In the case situation where the beat AFIB
value and the segment AFIB value do not agree, the AFIB
detection module 36 may be operable in various modes to
execute differing logic for handling disagreements between
the beat AFIB value and the segment AFIB value. For
example, the AFIB detection module may be configured to
operate in one of three modes, including a high sensitivity
mode, a high specificity mode, and a balanced mode to
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determine the AFIB identifier 36 based on the beat AFIB
value and the segment AFIB value.

[0047] FIG. 7 depicts an exemplary embodiment of the
logic executed in three different modes to determine the
AFIB identifier 36. In the explanatory example, each of the
beat module 312 and the segment module 314 output
respective values indicating the presence or absence of AFIB
(either a 1 or a 0, respectively) for every five second
increment of ECG recordings 10. The example shows five
such values; however, it should be understood that the values
will continue for the length of the time sequence of ECG
recordings 10.

[0048] Inthe example, the AFIB detection module 316 can
operate in the high sensitivity mode where the AFIB iden-
tifier 36 indicates a presence of AFIB when either the beat
AFIB value or the segment AFIB value indicates the pres-
ence of AFIB. Thus, in high sensitivity mode, an OR
Boolean operator is used to compare the beat AFIB value
and the segment AFIB value. Further, in high sensitivity
mode the threshold for the HMM to recognize an organized
RR pattern may be increased. This increases the chance that
the beat module 312 will detect that the ECG recordings 10
is chaotic and generate a beat AFIB value indicating the
presence of AFIB, thus increasing the sensitivity of the AFIB
detection by the beat module 312. Alternatively, the AFIB
detection module 316 may operate in a high specificity mode
where the AFIB identifier 36 indicates a presence of AFIB
when both of the beat AFIB value and the segment AFIB
value indicate the presence of AFIB. Thus, in high speci-
ficity mode an AND Boolean operator is used to compare the
beat AFIB value with the segment AFIB value. The AFIB
detection module 316 may be further operable in a balanced
mode where the AFIB identifier 36 indicates a presence of
AF1IB when either the beat AFIB value or the segment AFIB
value indicates the presence of AFIB. In certain embodi-
ments, the beat module 312 has a lower threshold for
detecting the presence of AFIB in the high sensitivity mode
than in the balanced mode, thus the sensitivity of the
detection algorithm will be greater in the sensitivity mode
than in the balanced mode.

[0049] In certain embodiments, the operating mode may
be selected by a user. For example, the user may select one
of the high sensitivity mode, the high specificity mode, or
the balanced mode via the user interface associated with the
system 1. In other embodiments, the operating mode may be
automatically determined based on certain factors, such as
based on the ECG history for the respective patient (e.g.,
exemplified at FIG. 6).

[0050] In certain embodiments, a confidence level (CL)
may be calculated for each AFIB identifier. For example, the
confidence level may be a running value accounting for all
AFIB identifier 36 determined for the time series of ECG
recordings 10. For example, the confidence level (CL) may
be determined as the total number of AFIB identifier 36
indicating the presence of AFIB (e.g., equal to 1) divided by
the total number of AFIB identifier 36 overall. The confi-
dence level may be expressed as a percentage—e.g., the
percent of AFIB identifier 36 indicating the presence of
AFIB. Thus, depending on the mode being executed by the
AF1B detection module 316, the confidence level may vary.
Referring to the example of FIG. 7, CL would equal 100%
for the first time segment, 50% for the second time segment,
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and CL would vary for the remaining time segments depend-
ing on the mode of operation executed by the AFIB detection
module 316.

[0051] In certain embodiments, the confidence level may
also account for a noise level of the respective segment of
ECG data analyzed. The noise level may be assessed by
logic incorporated in either the beat module 312, the seg-
ment module 314, or by a separate noise analytic module 21
as described above. In the depicted embodiment, the seg-
ment module 314 measures the noise level in the analyzed
segment of the time series of ECG recordings 10 and
generates a positive value if the noise exceeds a noise
threshold and a negative value (or a 0) if the noise level does
not exceed the noise threshold. In other embodiments, the
noise level may be placed on a noise scale, or may otherwise
by indicated by using more than two values. The confidence
level may then be decreased when significant noise is
present in the time segment. For example, when the noise
level exceeds a noise level threshold, the confidence level
may be reduced by a predetermined amount. In the depicted
example, the noise level determined by the segment module
314 exceeds the noise level threshold for one time segment,
and the confidence level (CL) is reduced by 20% by the
AFIB detection module 316 for the corresponding time
segment. In other embodiments where the noise level deter-
mination may include more than two values, the confidence
level may be reduced by an increasing percentage amount
for increasing noise levels.

[0052] Returning to FIG. 3, with respect to the beat
module 312, instructions are executed to analyze the ECG
recordings 10 on a sample-by-sample basis to identify beats
at step 1105 within the ECG recordings 10. Upon identifi-
cation of a beat, the HMM determines at step 1107 whether
the beats represents a chaotic or an organized RR interval,
which is a determination made based on all of the ECG
recordings 10 processed thus far by the beat module 312.
The threshold used by the HMM for determining whether
the beat data is organized or chaotic may be adjusted based
on the mode selection 30 by a user, which is received at step
1102. As described above, the mode selection 30 may adjust
the sensitivity of the AFIB detection by the HMM. The state
of the HMM AFIB determination is polled at a regular
interval, such as every five seconds, to generate the beat
AFIB value at step 1109. The period at which the beat AFIB
value is polled, or generated, may be shorter or longer than
five seconds, as it may correspond to the length of the
segments, or segment shifts, executed by the segment mod-
ule 314. In other embodiments, such as that depicted at FIG.
6, the mode selection 30 may be automatically generated
within the system 1, such as based on assessment of previous
abnormality identifiers.

[0053] The segment module 314 operates on the ECG
recordings 10 in parallel with beat module 312. The segment
module 314 calls the ECG recordings 10 in time segments.
In the depicted embodiment, the segment module 314 calls
new data every five seconds and analyzes a shifting ten
second time segment, identified at step 1104. The noise level
of the ECG data in the time segment is determined at step
1106. For example, the signal-to-noise ratio may be deter-
mined and classified, such as by comparing it to one or more
noise level thresholds. Instructions are executed at step 1108
to determine whether any known rhythm can be identified,
such as the presence of a P wave, a normal sinus rhythm
(NSR), artificial pacing, ectopic atrial thythm, atrial flutter,
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junctional rhythm, or premature atrial contractions (PACs).
If any such known rhythm is identified, then the segment
module 314 determines that AFIB is not present and assigns
the segment AFIB value to indicate no AFIB (such as
equaling 0). If no known rhythm is identified, then the
presence of AFIB is positively determined for the time
segment and the segment AFIB value is set at step 1112 to
indicate the presence of AFIB (such as equaling one). Logic
is then executed at step 1114, such as by executing code
embodied in the AFIB detection module 316, to determine
the AFIB identifier 36 based on the beat AFIB value and
segment AFIB value. The AFIB detection module 316 may
execute varying logic depending on the user mode selection
30 received at step 1102, such as whether the system is
operating in high sensitivity mode, high specificity mode, or
balanced mode. The AFIB detection module 316 may further
determine the confidence level 38 for the respective time
segment, which may be a running value based on all
previous AFIB identifiers 36 for the time series of ECG.

[0054] The AFIB detection module 316 may then analyze
the AFIB identifier 36 over time, such as to present infor-
mation aggregating the AFIB identifier 36 for the ECG
recording 10. For example, the AFIB identifier 36 may be
analyzed to identify continuous AFIB events within the ECG
recordings 10 and calculate an event load 44. In certain
embodiments, the AFIB analysis logic may be called once
all of the AFIB identifiers 36 have been determined for the
time series of ECG recordings 10. If a received AFIB
identifier 36 indicates that AFIB is not present, as deter-
mined at step 1115, then logic is executed to determine
whether AFIB was present in the last segment, which is
represented at box 1118. If AFIB was present in the last time
segment, but is not currently present, then an AFIB event has
ended, and an event end time is determined at step 1120 for
the AFIB event. If the received AFIB identifier 36 did
indicate the presence of AFIB, as determined at step 116,
then logic is executed at step 1122 to determine whether
AFIB was present in the last segment. If AFIB was not
previously present, but now is, then an event start time is
determined at step 1124. If AFIB was present in the last
segment and continues to be present, then the AFIB event
continues through the current segment. A running event load
value may be calculated at step 1126 based on the available
event start times and end time. For example, the event load
may represent a total percent of time segments processed
thus far where AFIB was detected, thus representing the
percentage of the time series of ECG recordings 10 where
AFIB is determined to be present. Alternatively or addition-
ally, the event load may account for a number of separate
AFIB events (each having a start and an end time), and thus
may indicate whether AFIB was continuously detected for
long periods or whether it was detected in short bursts,
separated by intermittent detection of organized and/or
known rhythms.

[0055] FIG. 3 provides system diagram computing system
200 for the central processing facility. The computing sys-
tem 200 includes a processing system 206, storage system
204, software 202, and communication interface 208. The
processing system 206 loads and executes software 202
from the storage system 204, including the triage module 12
(and/or sub-modules 21, 23, 25) and the reporting module
16, which are applications within the software 202. Each of
the modules 12, 16, 21, 23, 25, 321, 314, 316 includes
computer-readable instructions that, when executed by the
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computing system 200 (including the processing system
206), direct the processing system 206 to operate as
described in herein in further detail.

[0056] Although the computing system 200 as depicted in
FIG. 3 includes one software 202 encapsulating the afore-
mentioned modules, it should be understood that one or
more software elements having one or more modules may
provide the same operation. Similarly, while description as
provided herein refers to a computing system 200 and a
processing system 206, it is to be recognized that imple-
mentations of such systems can be performed using one or
more processors, which may be communicatively con-
nected, and such implementations are considered to be
within the scope of the description.

[0057] The processing system 206 includes the processor
9, which may be a microprocessor, a general purpose central
processing unit, an application-specific processor, a micro-
controller, or any other type of logic-based device. The
processing system 206 may also include circuitry that
retrieves and executes software 202 from storage system
204. Processing system 206 can be implemented within a
single processing device but can also be distributed across
multiple processing devices or sub-systems that cooperate in
executing program instructions.

[0058] The storage system 204, which includes the pre-
processing database 11, abnormality database(s) 13, and
reporting database 15, can comprise any storage media, or
group of storage media, readable by processing system 206,
and capable of storing software 202. The storage system 204
can include volatile and non-volatile, removable and non-
removable media implemented in any method or technology
for storage of information, such as computer-readable
instructions, data structures, program modules, or other data.
Storage system 204 can be implemented as a single storage
device but may also be implemented across multiple storage
devices or sub-systems. For example, the software 202 may
be stored on a separate storage device than the databases 11,
13, 15. Likewise, each database 11, 13, 15 can be stored,
distributed, and/or implemented across one or more storage
media or group of storage medias. Similarly, each database
11, 13, 15 may encompass multiple different sub-databases
at different storage locations and/or containing different
information which may be stored in different formats. Stor-
age system 204 can further include additional elements, such
a controller capable of communicating with the processing
system 206.

[0059] Examples of storage media include any types of
memory or storage device, or any other medium which can
be used to store the desired information and that may be
accessed by an instruction execution system, as well as any
combination or variation thereof, or any other type of
storage medium. Likewise, the storage media may be housed
locally with the processing system 206, or may be distrib-
uted in one or more servers, which may be at multiple
locations and networked, such as in cloud computing appli-
cations and systems. In some implementations, the storage
media can be a non-transitory storage media. In some
implementations, at least a portion of the storage media may
be transitory.

[0060] The communication interface 208 interfaces
between the elements within the computing system 200 and
external devices, such as a user interface and/or data recep-
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tion devices to receive the multitude of ECG recordings 10
from the central monitoring system 8 or the ECG monitors
5.

[0061] Returning to FIG. 1 the reporting module 16 gen-
erates an ECG report 18 for each patient comprising all of
the processed ECG recordings 10 for that patient, along with
any abnormality identifiers 36 abnormality confidence levels
38, normal identifiers 40, and normal confidence levels 41.
Thereby, the ECG recordings for the patient are included,
which may include ECG recordings 10 from both the normal
group 26 and/or one or more abnormality groups 24. Such
reports 18 may then be reviewed by the ordering physician
and/or stored in the patient’s medical record.

[0062] This written description uses examples to disclose
the invention, including the best mode, and also to enable
any person skilled in the art to make and use the invention.
Certain terms have been used for brevity, clarity and under-
standing. No unnecessary limitations are to be inferred
therefrom beyond the requirement of the prior art because
such terms are used for descriptive purposes only and are
intended to be broadly construed. The patentable scope of
the invention is defined by the claims, and may include other
examples that occur to those skilled in the art. Such other
examples are intended to be within the scope of the claims
if they have features or structural elements that do not differ
from the literal language of the claims, or if they include
equivalent features or structural elements with insubstantial
differences from the literal languages of the claims.

1. A system for processing ECG recordings from multiple

patients, the system comprising:
a pre-processing database containing unprocessed ECG
recordings from multiple patients, wherein each ECG
recording in the group of ECG recordings is a time
series of ECG data recorded from a patient;
a reporting database containing processed ECG record-
ings from multiple patients;
a processor;
a triage module executable on the processor to assess each
of the unprocessed ECG recordings from the multiple
patients to:
detect a presence or absence of at least one known
abnormality and determines at least one abnormality
identifier based on the detected known abnormality;

identify at least one abnormality group of ECG record-
ings from multiple patients based on the abnormality
identifier;

identify a normal group of ECG recordings from mul-
tiple patients that are not in the abnormality group;
and

store the normal group of ECG recordings in the
reporting database with an associated normal iden-
tifier.

2. The system of claim 1, wherein the triage module is

further executable to:

provide each abnormality group of ECG recordings from
multiple patients for specialized clinician review based
on the abnormality identifiers;

receive confirmation or rejection of each the abnormality
identifier from the specialized clinician; and

for the ECG recordings in the abnormality group where
the abnormality identifier is confirmed, storing each
respective ECG recording in the reporting database in
association with the confirmed abnormality identifier.
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3. The system of claim 2, further comprising a reporting
module executable on the processor to generate an ECG
report for each of the multiple of patients containing all ECG
recordings for the respective patient from the normal group
and the normal identifier and all ECG recordings for the
respective patient from the abnormal group and the con-
firmed abnormality identifier.

4. The system of claim 1, wherein the triage module is
further executable to determine an abnormality confidence
level representing the likelihood of the presence or absence
of the known abnormality, wherein each abnormality group
1s comprised of ECG recordings having the same abnormal-
ity identifiers with abnormality confidence levels greater
than a threshold abnormality confidence level.

5. The system of claim 4, wherein the triage module is
further executable to determine a noise level for each ECG
recording, wherein the abnormality confidence level is
determined based further on the noise level.

6. The system of claim 4, wherein the triage module is
further executable to:

receive a mode selection between at least a high sensi-

tivity mode and a high specificity mode;

determine the threshold abnormality confidence level

based on the mode selection, wherein the threshold
abnormality confidence level is lower in the high
specificity mode than in the high sensitivity mode.

7. The system of claim 1, wherein the triage module is
further executable to:

direct each abnormality group of ECG recordings from

multiple patients for specialized clinician review based
on the abnormality identifier.

8. The system of claim 7, wherein the abnormality group
is an atrial fibrillation (AFIB) group consisting of ECG
recordings with an abnormality identifier indicating a thresh-
old AFIB confidence level of the presence of AFIB in the
ECG waveform; and

wherein the specialized clinician is trained to identify

AFIB in ECG waveforms;
wherein the triage module is further executable to:
provide the specialized clinician with the AFIB confi-
dence level; and
receive one of a confirmation confirming the presence
of AFIB in the ECG recording or a rejection indi-
cating that AFIB is not present in the ECG recording.

9. The system of claim 1, wherein identifying the normal
group of ECG recordings includes assessing each ECG
recording to detected a sinus rhythm in the respective ECG
recording, and wherein the triage module is further execut-
able to:

determine a normal confidence level for each of the ECG

recordings in the normal group, wherein the normal
confidence level represents the likelihood that a normal
sinus rhythm is dominant in the respective ECG record-
ing;

store ECG recordings having at least a threshold normal

confidence level in a reporting database; and

direct ECG recordings having less than the threshold

normal confidence level for clinician review.

10. The system of claim 1, wherein the triage module is
further executable to:

locate one or more previously processed ECG recordings

from a respective one of the multiple patients within the
reporting database;
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determine whether any of the previously processed ECG
recordings from the respective patient are associated
with a previous abnormality identifier;

if the previous abnormality identifier is detected for the

respective patient, selecting a high sensitivity mode for
abnormality grouping; and

if the previous abnormality identifier is not detected for

the respective patient, selecting a high specificity mode
for abnormality grouping.

11. A method of processing ECG recordings from mul-
tiple patients, the method comprising:

receiving a batch of ECG recordings from multiple

patients, wherein each ECG recording is a time series
of ECG data recorded from a patient;

assessing the ECG recordings in the batch to detect a

presence or absence of at least one known abnormality
in the respective ECG recording;
for each ECG recording where a known abnormality is
detected, determining at least one abnormality identi-
fier based on the detected known abnormality;

identifying one or more abnormality groups within the
batch of ECG recordings based on the abnormality
identifiers;

identifying a normal group of ECG recordings within the

batch of ECG recordings that are not in the one or more
abnormality groups; and

storing a normal identifier in association with each ECG

recording in the normal group of ECG recordings.

12. The method of claim 11, further comprising;

storing the normal group of ECG recordings in a reporting

database;

providing each abnormality group of ECG recordings for

specialized clinician review based on the abnormality
identifier;

receiving confirmation or rejection of the abnormality

identifier from the specialized clinician; and

for the ECG recordings in the abnormality group where

the abnormality identifier is confirmed, storing each
respective ECG recording in the reporting database in
association with the confirmed abnormality identifier.

13. The method of claim 12, generating an ECG report for
each of the multiple of patients containing all ECG record-
ings for the respective patient from the normal group and the
normal identifier and all ECG recordings for the respective
patient from the abnormal group and the confirmed abnor-
mality identifier.

14. The method of claim 11, wherein determining the
abnormality identifier includes determining an abnormality
confidence level representing the likelihood of the presence
or absence of the known abnormality; and

wherein determining the abnormality group includes

comparing the abnormality confidence level to a thresh-
old such that each abnormality group is comprised of
ECG recordings having the same abnormality identifi-
ers with confidence levels greater than a threshold
abnormality confidence level.

15. The method of claim 14, further comprising deter-
mining a noise level for each ECG recording, wherein the
abnormality confidence level is determined based further on
the noise level.

16. The method of claim 14, further comprising:

receiving a mode selection between at least a high sen-

sitivity mode and a high specificity mode;
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determining the threshold abnormality confidence level
based on the mode selection, whetein the threshold
abnormal confidence level is lower in the high speci-
ficity mode than in the high sensitivity mode.
17. The method of claim 11, further comprising deter-
mining further comprising:
determining a noise level for each ECG recording;
comparing the noise level to a threshold noise level to
identify a noise group as ECG recordings within the
batch; and
wherein the noise group of ECG recordings are removed
from the batch such that they are not included in the
normal group or the one or more abnormality groups.
18. The method of claim 17, wherein the abnormality
group is an atrial fibrillation (AFIB) group consisting of
ECG recordings with an abnormality identifier indicating a
threshold AFIB confidence level of the presence of AFIB in
the ECG waveform; and
wherein the specialized clinician is trained to identify
AFIB in ECG waveforms;
further comprising providing the specialized clinician
with the AFIB confidence level; and
receiving one of a confirmation confirming the presence
of AFIB in the ECG waveform or a rejection indicating
that AFIB is not present in the ECG waveform.
19. The method of claim 11, wherein identifying the
normal group of ECG recordings includes assessing each

May 9, 2019

BCG recording to detect a sinus rhythm in the respective
ECG recording, and further comprising:
determining a normal confidence level for each of the
ECG recordings in the normal group, wherein the
normal confidence level represents the likelihood that a
normal sinus rhythm is dominant in the respective ECG
recording;
storing ECG recordings having at least a threshold normal
confidence level in a reporting database; and
directing ECG recordings having less than the threshold
normal confidence level for clinician review.
20. The method of claim 11, further comprising, prior to
determining the abnormality identifier:
locating one or more previously processed ECG record-
ings from the patient within a database of processed
ECG recordings;
determining whether any of the previously processed
ECG recordings from the patient are associated with a
previous abnormality identifier;
if'the previous abnormality identifier is detected, selecting
a high sensitivity mode for abnormality grouping; and
if the previous abnormality identifier is not detected,
selecting a high specificity mode for abnormality

grouping.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RHA

S EREESE

BEG®)

RTREREZSNBENECGERNRA AN « MLBEKRESE  HE8

WS BENECCIERNREMSG

US20190133483A1 K (AE)B
US15/806009 FER
BABESAT
BERBESATE

BRBRSXTH

XUE JOEL Q
LANGER MARK GILBERT

XUE, JOEL Q.
LANGER, MARK GILBERT

A61B5/0428 A61B5/04 A61B5/0472 A61B5/0432 A61B5/00

patsnap

2019-05-09

2017-11-07

AB61B5/04288 A61B5/04012 A61B5/0472 G16H10/60 A61B5/7221 A61B5/0432 G16H15/00 A61B5

/7203 A61B5/046 G16H50/20
US10687726

Espacenet USPTO

RESNMEENRLENECGRRKREHREE  HESRAS I BEN s

EHECGIEF AL ERER, SAR 7 AR |, H AL E S ERTOHEEA
RAEWECG, REZEBBENRE . DRERTHTURN 1S
NEARENFERFEFE  ARTRUINEAREBEEL 17
ERRN. RAEETRERRFRN - RSN IFRER. RAEMBLER

8

"‘-I Central

EFEHPHECCIERHIRFIRB SN EENEFECGIEREA. REH
EFNECCRERAFRMERSHREEFT , AERESEERARHEX

Bk,

toring
v,l system

Tri
module

Pre-processing
database
»

iage

Specialized
clinician

Reporting
database



https://share-analytics.zhihuiya.com/view/c95bd339-7673-403a-83e1-fe5645740467
https://worldwide.espacenet.com/patent/search/family/066328057/publication/US2019133483A1?q=US2019133483A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190133483%22.PGNR.&OS=DN/20190133483&RS=DN/20190133483

