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QT INTERVAL DETERMINATION METHODS
AND RELATED DEVICES

TECHNICAL FIELD

[0001] The present disclosure relates to monitoring
devices and methods, and in particularly to devices and
methods for determining and monitoring QT intervals in
patients.

BACKGROUND

[0002] Monitoring of the heart’s electrical signals—elec-
trocardiogram signals—is utilized to monitor the cardiac
cycle of patients in order to detect various conditions and
disorders. A typical cardiac cycle as represented by an
electrocardiogram signal (EKG) consists of a P wave, a QRS
complex, and a T wave—which appear in that order. An
EKG specialist is trained to analyze aspects of the EKG
signal to identify potential disorders or dangers. The P-wave
represents the electrical signal created during atrial depo-
larization; the QRS complex reflects the rapid depolarization
of the right and left ventricles following the atrial depolar-
ization (P-wave); and the T-wave represents the repolariza-
tion or recovery of the ventricles. The ventricles are larger
muscles than the atria, and therefore the depolarization
associated with the QRS complex is typically greater in
magnitude than the P-wave depolarization or T-wave repo-
larization. Analysis of the EKG signal includes measure-
ments related to the timing and magnitude of the compo-
nents of the EKG signal. For example, heart rate is detected
based on the interval between successive peaks of the R
portion of the QRS complex (e.g., the R-R interval). The PR
interval is measured from the beginning of the P wave to the
beginning of the QRS complex and reflects the time the
electrical impulse takes to travel from the sinus node
through the AV node, and provides an indication of AV node
function. Likewise, the QT interval is measured form the
beginning of the QRS complex to the end of the T wave.
With respect to the measured QT interval, a prolonged QT
interval has been identified as a risk factor for a number of
conditions, such as acute myocardial infarction and isch-
emia, hypocalcemia, central nervous system events, hypo-
thermia, hypothyroidism, and as a result of medication.
[0003] In a hospital setting, a 6-lead configuration or
12-lead configuration is typically utilized to collect EKG
signals and measure the QT interval. However, this type of
cardiac monitoring typically only takes place in a hospital
for a limited period of time, and typically while the patient
is non-ambulatory. It would be desirable to provide long-
term monitoring (e.g., multiple days) of cardiac activity—
and QT interval detection in particular—in order to detect
extreme QT interval events that occur infrequently and/or
enable the detection of gradual changes in QT interval. In
addition, it would be desirable to monitor a patient’s QT
interval while the patient is active or engaged in activities
such as standing up or walking around. Finally, it would be
beneficial to be able to monitor and detect a patient’s QT
interval without the full complement of six or twelve leads
typically used for EKG monitoring in a hospital.

SUMMARY

[0004] According to one example of the disclosure, a
monitoring system that measures QT intervals in patients
includes a first monitoring device and a QT interval mea-
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surement module. The first monitoring device is adhered to
a patient at a first location and monitors a first electrocar-
diogram (EKG) signal associated with the patient. The QT
interval measurement module is configured to receive the
first EKG signal from the first monitoring device, and is
configured to identify QRS complex attributes and heart rate
attributes for each beat within the received first EKG signal.
Based on identified QRS complex information, the QT
interval measurement module locates heart rate attributes a
T-wave offset (iToff) for each beat. The QT interval mea-
surement module further selects qualified beat segments
comprised of a plurality of beats suitable for QT interval
measurement within the received first EKG signal, and
measures QT intervals within the qualified beat segments
based on QRS complex attributes and T-wave offsets iden-
tified with respect to each beat.

[0005] According to another example of the disclosure, a
monitoring system that measures QT intervals in patients
includes first and second monitoring devices, and a QT
interval measurement module. The first monitoring device is
adhered to a patient at a first location and monitors a first
electrocardiogram (EKG) signal associated with the patient.
The second monitoring device is adhered to a patient at a
second location different than the first location and monitors
a second EKG signal associated with the patient. The QT
interval measurement module is configured to receive the
first and second EKG signals from the first and second
monitoring devices, respectively, and identify first attributes
associated with the first EKG signal and second attributes
associated with the second EKG signal. The QT interval
measurement module selects qualified beat segments com-
prised of a plurality of beats suitable for QT interval
measurement within the received first and second EKG
signals, and measures QT intervals within the qualified beat
segments based on a combination of the first attributes
associated with the first EKG signal and second attributes
associated with the second EKG signal.

[0006] According to another embodiment of the disclo-
sure, a method of automatically monitoring QT intervals in
a patient includes receiving global timing information at a
first adherent device and a second adherent device. The first
adherent device measures a first electrocardiogram (EKG)
signal and associates a timestamp with the first EKG signal
based on received global timing information. The second
adherent device measures a second EKG signal and associ-
ates a timestamp with the second EKG signal based on
received global timing information. The first and second
measured EKG signals and timestamp information is com-
municated from the respective adherent devices to a pro-
cessor system. A QT interval is calculated based on the first
and second EKG signals, wherein the QT interval is calcu-
lated based on QRS onset information derived from the first
EKG signal and T-wave offset information derived from the
second EKG signal. The calculated QT interval is compared
to thresholds to detect elongation of the QT interval and an
alert is generated in response to a detected elongated QT
interval.

[0007] According to another embodiment of the disclo-
sure, a method of detecting QT intervals includes receiving
a first electrocardiogram (EKG) signal from a first device
located in a first lead configuration on a patient’s abdomen
and receiving a second EKG signal from a second device
located in a second lead configuration located on the
patient’s chest at a defined angle relative to the first device.
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QRS onset and QRS peak information are detected with
respect to the first EKG signal and QRS peak and T-wave
offset information with respect to the second EKG signal. A
first plurality of beats associated with the first measured
EKG signal are matched with a second plurality of beats
associated with the second EKG signal to align the QRS
peaks of the first plurality of beats with the QRS peaks of the
second plurality of beats. A QT interval is calculated based
on the detected QRS onset information associated with the
first EKG signal and T-wave offset information associated
with the second EKG signal. Abnormalities in the QT
interval are detected based on the calculated QT interval.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 illustrates a schematic view of a monitoring
and treatment system that measures electrocardiogram sig-
nals and performs analysis to measure QT intervals accord-
ing to an embodiment of the present invention.

[0009] FIG. 2 is a graphical representation of an EKG
signal that illustrates calculation of the QT interval accord-
ing to an embodiment of the present invention

[0010] FIG. 3 is a flowchart that illustrates calculation of
the QT interval based on a received EKG signal according
to an embodiment of the present invention.

[0011] FIG. 4 illustrates placement of two monitoring
devices capable of measuring electrocardiogram (EKG)
signals according to an embodiment of the present inven-
tion.

[0012] FIG. 5 is a graphical representation of first and
second EKG signals used to calculate a QT interval accord-
ing to an embodiment of the present invention

[0013] FIG. 6 is a flowchart illustrating a method of
calculating QT intervals based on a two EKG signals
received from first and second monitoring devices, respec-
tively, synchronized in time with one another according to
an embodiment of the present invention.

[0014] FIG. 7 is a flowchart illustrating a method of
calculating QT intervals based on two EKG signals received
from first and second devices, respectively, not synchronized
in time with one another according to an embodiment of the
present invention.

[0015] FIG. 8isa waveform diagram illustrating matching
of first and second waveform signals and calculation of QT
intervals as a result of the matching according to embodi-
ments of the present invention.

[0016] FIGS. 9A-9C are displays illustrating various
methods of displaying measured QT interval data according
to embodiments of the present invention.

[0017] FIGS. 10A and 10B show an exploded view and a
side cross-sectional view, respectively, of adherent devices
utilized to measure EKG signals according to embodiments
of the present invention.

DETAILED DESCRIPTION

[0018] The present invention provides a system and
method of measuring the QT interval and automatically
detecting conditions related to the QT interval such as Long
QT Syndrome (LQTS). In one embodiment, a first EKG
signal generated from a first lead configuration (e.g., first
location/orientation of an electrocardiogram device) is uti-
lized to gather some information related to some aspects of
the cardiac cycle (e.g., QRS onset) and a second EKG signal
generated from a second lead configuration (e.g., second
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location/orientation of an electrocardiogram device) is uti-
lized to gather additional information related to aspects of
the cardiac cycle (e.g., P-wave offset). The first and second
EKG signals are synchronized with one another such that the
QT interval may be measured based on QRS onset infor-
mation obtained from one EKG signal and T-wave offset
information obtained from the other EKG signal. The cal-
culated QT interval is then analyzed to detect conditions
associated with QT interval elongation, including both inter-
mittent events and gradual changes to the QT interval.
[0019] FIG. 1 illustrates a schematic view of monitoring
and treatment system 10 that measures electrocardiogram
signals and performs analysis to measure QT intervals
according to an embodiment of the present invention. In the
embodiment shown in FIG. 1, monitoring and treatment
system 10 includes monitoring device 12, intermediate/QT
interval measurement module 14, and remote monitoring
system 16. Intermediate/QT interval measurement module
14 includes antenna 20, micro-processor 22, and storage
medium 24. In one embodiment, intermediate device 14 is
responsible for processing EKG signals received from moni-
toring device 12 to measure the QT interval associated with
the patient, and report/alert detected problems to medical
personnel at remote monitoring system 16. However, in
other embodiments, intermediate device 14 is simply an
intermediary between monitoring device 12 and remote
monitoring system 16, wherein processing of the EKG
signals is performed either locally at monitoring device 12
or remotely at remote monitoring system 16. Remote moni-
toring system 16 includes micro-processor 28, storage
medium 30, and display 32.

[0020] Monitoring device 12 is adhered, attached, or oth-
erwise placed in a position to monitor electrocardiogram
signals in patient P. An embodiment of one such monitoring
device is shown in FIGS. 10a-105. In some embodiment,
monitoring device 12 includes a local processor (not shown)
capable of analyzing sensed EKG signal, while in other
embodiments monitoring device 12 maintains a local pro-
cessor/controller capable only of communicating measured
BKG signals to intermediate device 14 or remote monitoring
system 16 for further processing and/or analysis.

[0021] In one embodiment, first and second EKG signals
are utilized in conjunction with one another to measure the
QT interval. The first EKG signal is measured by monitoring
device 12 at a first location—such as that shown in FIG.
1—and the second EKG signal is measured by monitoring
device 12 at a second location. For example, in one embodi-
ment the first location is located on patient P’s abdomen at
an angle approximately parallel with the horizon, and the
second location is located on patient P’s chest at an angle of
approximately forty-five degrees to the horizon—as well as
forty-five degrees to the orientation of the device at the first
location. In one embodiment, this requires first and second
monitoring devices adhered or otherwise connected to
patient P. In other embodiments however, the same device
may be utilized at different instances in time to capture EKG
data from the desired first and second lead positions.
[0022] Communication and processing of EKG signal(s)
sensed with respect to patient P will be performed by the QT
interval measurement module, but this module can reside in
any device that has access to the measured EKG signals and
has a processor/storage medium for enabling processing of
the EKG signals. For example, in the embodiment shown in
FIG. 1 QT interval measurement module may be imple-
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mented locally at monitoring device 12, at intermediate
device 14 (as shown in FIG. 1), and/or at remote monitoring
system 16. Depending on the application, it may be benefi-
cial to perform EKG processing locally on processors
included as part of monitoring device 12 and communicate
to intermediate device 14 and/or remote monitoring system
16 only the processed results (e.g., measured QT intervals,
etc.). In other applications, it may be beneficial to perform
processing of the EKG signal(s) at intermediate device 14
and/or remote monitoring system 16. For embodiments in
which processing is performed locally, remote monitoring
device 12 includes a processor, storage medium and com-
munication interface (shown in more detail in FIGS. 10a-
104). Monitored EKG signals are processed locally by the
processor, with results stored to the storage medium or
communicated via the communication interface to interme-
diate device 14. In embodiments in which two monitoring
device are affixed to patient P, the monitoring devices may
be configured to communicate measured EKG signals to one
another for local processing of the EKG signals prior to
communication to intermediate device 14. In still other
embodiments, monitored EKG signals are communicated
directly (e.g.. unprocessed) to intermediate device 14.

[0023] In the embodiment shown in FIG. 1, intermediate
device 14 includes antenna 20, processor 22 and storage
medium 24. Antenna 20 is configured to communicate
wirelessly with monitoring device 12 via wireless commu-
nication path 18, and may include bi-directional communi-
cation. For example, as discussed in more detail below, in
one embodiment intermediate device 14 provides timing
signals to monitoring device 12 (as well as a second moni-
toring device) that allows the monitored EKG signals pro-
vided by the respective monitoring devices to be aligned
based on timestamps provided by the timing signals. In
addition, monitoring device 12 provides EKG signals and/or
processed data to intermediate device 14 via antenna 20.
Upon reception, processor 22 and storage medium 24 may
provide processing of the received EKG data and/or further
processing of processed data received from monitoring
device 12. In turn, intermediate device 14 communicates
EKG signals, processed data, and/or alerts to remote moni-
toring system 16.

[0024] Remote monitoring system 16 is connected to
communicate via either wired or wireless communication
channel 26 with intermediate device 14. In the embodiment
shown in FIG. 1, remote monitoring system includes pro-
cessor 28, storage medium 30 and display 32. As discussed
above, processing of monitored EKG signals may be per-
formed locally by monitoring device 12, by intermediate
device 14, or remotely by remote monitoring system 16. If
done remotely at remote monitoring system 16, then EKG
signals monitored by monitoring device 12 are communi-
cated to remote monitoring system 16 via intermediate
device 14. Processor 28 and storage medium 30 operate in
conjunction to process the received EKG signals to detect
attributes such as QT interval. Results of the analysis
performed can then be displayed to a user or medical
personnel via display 32.

[0025] FIG. 2 is a graphical representation of an EKG
signal that illustrates calculation of the QT interval accord-
ing to an embodiment of the present invention. In the
embodiment shown in FIG. 2, the EKG signal measured by
monitoring device 12 (shown in FIG. 1) consists of three
components or phases: the P-wave; the QRS complex
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(which is comprised of a Q-wave, an R-wave, and an
S-wave); and the T-wave. The QT interval is measured from
the onset of the QRS complex to the end of the T-wave.
Accurate measurement of the QT interval therefore depends
on accurately detecting the various components of the EKG
signal and in particular in identifying the onset of the QRS
complex and the end of the T-wave.

[0026] FIG. 3 is a flowchart that illustrates steps per-
formed in measuring the QT interval associated with a
particular patient. Steps described with respect to method 40
may be performed at a single location (e.g., monitoring
device 12, intermediate device 14, or remote monitoring
station 16) or may be split between a plurality of locations
with some steps being performed by monitoring device 12,
while others are performed by intermediate device 14 and/or
remote monitoring system 16.

[0027] At step 42, an EKG signal is received for analysis.
The EKG signal is comprised of a plurality of cardiac cycles,
each cycle comprised of the P-wave, QRS complex, and
T-wave components discussed above. At step 44, QRS
locations of the EKG signal are identified, including the
peak of the QRS complex (iRpk) and the QRS onset (iRon).
In addition, at step 44 additional aspects or attributes asso-
ciated with the EKG signal may be determined, such as heart
rate (R-R) of the patient calculated based on the intervals
between the detected QRS peaks and noise values. For each
of the beats identified as comprising a large noise compo-
nent, a beat-wise noise flag may be set that indicates analysis
cannot be conducted on the identified heartbeat or cycle.
Components of the EKG signal detected at step 44 are stored
or otherwise retained for use in subsequent steps.

[0028] At step 46, the T-wave offset (iToff) is located for
each cardiac cycle or beat based on the QRS complex
aspects identified at step 42. A number of algorithms may be
utilized to detect the T-wave within an EKG signal, and in
particular the T-wave offset value (iToff). In one embodi-
ment, this includes generating a T-wave offset estimate
(iToff_estimate) based on a look-up table that utilizes the
measured heart rate value determined at step 44. As the
name implies, the T-wave offset estimate iToff” estimate is
an estimate of where the T-wave offset is likely to be located
based on the patient’s heart rate. The faster the heart rate of
the patient, the closer the T-wave offset is likely to be located
to the QRS peak. The T-wave offset estimate iToff_estimate
is used to define a T-wave offset detection window that
represents the window of time wherein subsequent analysis
will be performed to locate the actual T-wave offset iToff. In
one embodiment, the T-wave offset detection window is
defined as between the T-wave offset estimate iToff_estimate
plus 50 milliseconds (ms). Within the T-wave offset detec-
tion window, peak and valley (maximum and minimum
values) are located, with the valley representing the T-wave
offset iToff. Depending on the location and orientation of the
monitoring device, in some embodiments the T-wave offset
iToff may be inverted. However, this can be overcome by
utilizing the absolute values of the calculated peak and
valleys and/or utilizing accelerometer values to determine
the orientation of the monitoring device and whether values
need to be inverted as a result. If the T-wave offset iToff
cannot be detected, then a T-wave offset value is not asserted
for that beat and it is discarded for analysis purposes.
[0029] At step 48, qualified beats within the EKG signal
are identified that are appropriate for QT interval analysis. In
one embodiment, this means analysis of beats to identify
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beats that are non-noisy. In this embodiment, beat-wise
noise flags identified at step 44 are utilized to determine
whether a particular segment is noisy or not. In one embodi-
ment, a segment is identified as non-noisy if a requisite
number of consecutive beats are identified as non-noisy. For
example, in one embodiment, a segment is identified as
non-noisy if five or more consecutive beats are identified as
non-noisy (e.g., no beat-wise noise flags set). In other
embodiments, other thresholds may be utilized to determine
whether a segment is noisy and other criterion may be
utilized to determine whether a segment of groups is well-
suited to QT interval analysis, such as time of day, activity
level of the patient, orientation of the patient, heart rate of
the patient, etc.

[0030] At step 50, a QT interval is measured with respect
to one or more beats within identified qualified (e.g., non-
noisy) segments. Measurement of the QT interval may
include measurement of two or more QT intervals associated
with two or more beats within the qualified segment and
averaging of the measured QT intervals, or measurement of
a single QT interval within the qualified segment. In one
embodiment, in addition to identifying qualified segments,
additional requirements are imposed when measuring a QT
interval associated with a particular beat. For example, in
one embodiment QT intervals are only measured for beats
that are preceded by a non-noisy beat. As a result, the first
beat identified in a non-noisy segment—if preceded by a
noisy beat—will not be utilized to measure a QT interval.

[0031] As discussed above, the QT interval is measured
from the onset of the QRS complex to the offset or end of
the T-wave (e.g., iQT=iToff-iRon). In one embodiment, an
additional requirement on whether a QT interval is measured
for a particular beat is whether attributes of the beat required
to measure the QT interval—namely the onset of the QRS
complex and end of the T-wave—are detectable or otherwise
distinguishable in the monitored EKG signal. If these attri-
butes cannot be discerned from the EKG signal, even if
found in a non-noisy segment and meeting the other require-
ments, the beat is discarded and not used for measurement
of the QT interval.

[0032] At step 52, the measured QT interval is corrected
based on the heart rate of the patient. A number of well-
known algorithms may be utilized to correct the measured
QT interval, including for example those developed by
Bazett, Fridericia, and Framingham, reproduced below:

Ot i~ QT/RRO?
OTrigericia=OT/RR?

OTeryamingn=QT+1.54*(1-RR)

[0033] Inoneembodiment, if more than one corrected QT
interval is calculated for a measured QT interval, the cor-
rected QT intervals are averaged together to provide an
averaged calculated QT interval. In some embodiments, a
plurality of QT intervals are measured, and for each mea-
sured QT interval a corrected QT interval is calculated,
resulting in a plurality of corrected QT intervals provided for
analysis at step 54.

[0034] At step 54, the corrected QT interval(s) are ana-
lyzed to detect conditions such as Long QT Syndrome
(LQTS). In the simplest embodiment, all corrected QT
intervals are utilized in the analysis. In other embodiments,
filters may be utilized to select particular corrected QT
intervals for analysis based on one or more other physi-
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ological parameters of the patient, such as instantaneous
heart rate, average heart rate, activity level of the patient,
ongoing arrhythmia information, etc.

[0035] Analysis of the corrected QT interval may
include—in the simplest embodiment—a comparison of the
corrected QT interval to a threshold value. If the corrected
QT interval is greater than the threshold value, this is
indicative of a possible LQTS condition and may result in a
flag being set or notification sent to attending medical
personnel. In other embodiments, additional physiological
parameters or conditions are accounted for in analyzing the
corrected QT interval.

[0036] In this way, EKG signals monitored by an adherent
device can be automatically analyzed to detect conditions
related to the QT interval. One benefit of this arrangement is
that monitoring may occur over several days or weeks, with
QT intervals (and corrected QT intervals) being calculated
and monitored over this time period. This allows not only for
detection of extreme QT interval events that occur infre-
quently and may not be detected in a shorter duration
monitoring period, but also allows for monitoring of trends
in the change of the monitored QT interval over a period of
time. In addition, the described system allows the patient’s
QT interval to be momitored during different physiological
states, such as while active.

[0037] FIG. 4 illustrates placement of monitoring devices
12a and 125 on patient P according to embodiments of the
present invention. In contrast with the embodiments
described with respect to FIGS. 2-3, in which the QT
interval is determined based on measurements received from
a single monitoring device—selectively located on one
portion of the patient’s body—the embodiments described
with respect to FIGS. 4-5 rely on at least two EKG signals
measured by a monitoring device or devices at different
locations. As described in more detail below, one benefit of
utilizing two EKG signals measured at different locations is
that each EKG signal has different attributes (e.g., clearly
defined QRS onset information) that when combined allow
the QT interval to be accurately determined. In addition,
movement of monitoring device or devices—and as a result,
movement of associated electrodes—can negatively impact
the quality of EKG signals monitored. This issue is particu-
larly problematic with monitoring of a patient outside of a
hospital setting in which the patient is performing daily
activities. Movement of the monitoring device and associ-
ated electrodes results in noise and/or movement artifacts
being introduced into the EKG signals. A benefit of utilizing
more than one monitoring device is that the noise signals
associated with multiple EKG signals—which are indepen-
dent of one another—will tend to average out over time.
[0038] In the embodiment shown in FIG. 4, first monitor-
ing device 12a is placed on the abdomen of patient P while
second monitoring device 125 is placed on the chest of
patient P. First monitoring device 12a is oriented in a
horizontal direction—as indicated by the direction of the
arrow adjacent to monitoring device 12a. The position of
monitoring device 124 is referred to as a first lead position
and generates in response a first EKG signal EKG_a. Second
monitoring device 125 is located on the chest of patient P
and oriented at an angle of approximately 45 degrees to
monitoring device 12a. The position of monitoring device
125 is referred to as a second lead position and generates in
response a second EKG signal EKG_b. In one embodiment,
first and second monitoring devices 12a and 125 are adhered
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to patient P at approximately the same time, and collect data
simultaneously from the patient. However, in other embodi-
ments, first and second monitoring devices may be adhered
to patient P at times that only partially overlap with one
another. In still other embodiments, a single monitoring
device 12 may be placed at the first lead position for a first
period of time and then moved to the second lead position
for a second period of time. Similarly, first monitoring
device 124 may be located at first lead position for a first
period of time and then a second monitoring device 125 may
be located at second lead position at a second period of time
different from and not co-extensive with the first period of
time. In each of these embodiments however, first and
second EKG signals are measured from at least first and
second locations. This is in contrast with the embodiments
described with respect to FIGS. 2 and 3, in which an EKG
signal measured from a single location is used to detect the
QT interval. Although reference is made throughout with
respect to the EKG signals monitored at the positions
illustrated in F1G. 4, monitoring devices 12a and 125 may be
located in other positions on patient P.

[0039] FIG. 5 illustrates calculation of the QT interval
according to an embodiment of the present invention in
which first and second EKG signals are utilized in combi-
nation with one another. In the embodiment shown in FIG.
3, monitoring device 125 located on the patient’s chest
provides the EKG signal labeled EKG_b, illustrated in the
top portion of FIG. 5. Monitoring device 12a located on the
patient’s abdomen provides the EKG signal labeled EKG_a,
illustrated in the bottom portion of FIG. 5.

[0040] Although both monitoring devices 12a and 125 are
monitoring the same cardiac cycle, the difference in location
and orientation provides a different “view” of that cardiac
activity which is reflected in the respective EKG signals of
each. For example, with respect to second EKG signal
EKG_b, the onset of the QRS complex is not easily distin-
guished or detectable, but the end of the T-wave signal is
well distinguished. In contrast, with respect to the first EKG
signal EKG_a, the onset of the QRS complex is well
distinguished, but the end of the T-wave signal is less
distinguished. Because the QT interval is measured as the
interval of time between the onset of the QRS complex and
the end or offset of the T-wave, it is important to accurately
distinguish and detect both the onset of the QRS complex
and the end of the T-wave. To this end, the present invention
utilizes characteristics of both the first EKG signal EKG_a
and the second EKG signal EKG_b in order to accurately
measure the QT interval.

[0041] In the embodiment shown in FIG. 5, the QT
interval is determined by measuring the interval of time
between the peak of the QRS complex (iRpk_b) and the end
of the T-wave (iToff_b) associated with the second EKG
signal EKG_b as well as the interval of time between the
onset of the QRS complex (iRon_a) and the peak of the QRS
complex (iRpk_a) associated with the first EKG signal. The
interval between the peak of the QRS complex and the end
of the T-wave associated with the second EKG signal is
illustrated graphically in the top waveform of FIG. 3, and
can be expressed as interval_b=iToff,-iRpk_b. The interval
between the onset of the QRS complex and the peak of the
QRS complex associated with the first EKG signal is illus-
trated graphically in the bottom waveform of FIG. 3, and can
be expressed as: interval_a=iRpk_a-iRon_a. The QT inter-
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val is defined as the sum of the first and second intervals,
which can be expressed as: iQT=interval_a+interval_b.

[0042] The common denominator in the measured inter-
vals combined to form the QT interval is the measured peak
of the QRS complex of the first and second EKG signals. For
this reason, it is important that the measured QRS peaks of
the first and second EKG signals are aligned with one
another. In embodiments in which monitoring devices 12a
and 1256 receive timing information from a timing server
(e.g., intermediate device 14), the respective first and second
EKG signals will have globally synchronized time-stamps
that do not require additional alignment of the QRS peaks.
However, if the monitoring devices are not synchronized via
a global timing signal, then alignment between the first and
second EKG signals can be verified by detecting the interval
between the respective peaks and comparing the detected
interval to a threshold value. In the embodiment shown in
FIG. 5, this alignment check is illustrated graphically by the
interval between the respective peaks and can be expressed
as: iRpk,-iRpk <threshold. If the difference in QRS peak
values is greater than the threshold value, this indicates that
the QRS peaks are not well aligned and therefore that the
calculated QT interval may be inaccurate as a result. In one
embodiment, if the interval between the respective peaks is
greater than the threshold value, the calculated QT interval
is discarded as inaccurate. In another embodiment, if the
interval between the respective peaks is greater than the
threshold value, the calculated QT interval is modified to
account for the interval between the respective peaks. For
example, the interval between the respective peaks (i.e.,
iRpk_b-iRpk_a) can be subtracted from the calculated QT
interval, with the result representing the new QT interval.
Because the QT interval is related to the heart rate of the
patient, in one embodiment it is further required that two or
more QRS peaks be aligned with one another to calculate a
QT interval. This requirement ensures that underlying heart
rates associated with the first and second EKG signals are
approximately equal to one another, and as result the effect
of heart rate on the QT intervals associated with each EKG
signal will be the same. This requirement is particularly
important for comparison of EKG signals not measured at
the same time, but for which QRS peaks have been aligned
for purposes of measuring QT intervals.

[0043] FIG. 6 is a flowchart illustrating a method of
calculating QT intervals based on a two or more EKG signal
received from monitoring devices according to an embodi-
ment of the present invention. In particular, in the embodi-
ment shown in FIG. 6, global timing information is provided
by intermediate device 14 (shown in FIG. 1) or some other
device that allows global time stamps to be associated with
both the first EKG signal EKG_a and the second EKG signal
EKG_b. As a result, the method described with respect to
FIG. 6 does not require additional steps to align the peaks of
the QRS complexes, but can instead rely on the global
time-stamps to align the first and second EKG signals
BKG_a and EKG_b.

[0044] At step 62, first and second EKG signals EKG_a
and EKG_b are received for analysis. Each EKG signal is
comprised of a plurality of cardiac cycles, each cycle
comprised of the P-wave, QRS complex, and T-wave com-
ponents discussed with respect to FIG. 2 above. At step 64,
QRS and T-wave locations of the EKG signal are identified,
including the peak of the QRS complex (iRpk), the QRS
onset (iRon), and the T-wave offset (iToff). Although
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grouped with identification of the QRS onset and peak,
identification of the T-wave offset (iToff) may include steps
described with respect to FIG. 3, in which a T-wave offset
estimate (iToff_estimate) is selected from a look-up table
based on the patient’s heart rate. The T-wave offset estimate
iToff estimate is used to define a T-wave offset detection
window that represents the window of time wherein subse-
quent analysis will be performed to locate the actual T-wave
offset iToff. Within the T-wave offset detection window,
peak and valley (maximum and minimum values) are
located, and depending on morphology the T-wave offset
iToff is detected.

[0045] In addition to these attributes, additional attributes
associated with each EKG signal may be detected at step 64
including heart rate (R-R) and noise values (e.g., beat-wise
noise flags). Monitored attributes of the EKG signal detected
at step 64 are stored or otherwise retained for use in
subsequent steps.

[0046] At step 66, beats within the first and second EKG
signals are analyzed to select qualified beats (e.g., beats
suitable for subsequent analysis of QT intervals). For
example, in one embodiment beats are analyzed to identify
non-noisy segments. As discussed above with respect to
FIG. 3, beat-wise noise flags are utilized to determine
whether a particular segment is noisy or not. A segment can
be identified as non-noisy if a requisite number of consecu-
tive beats are identified as non-noisy. For example, in one
embodiment, a segment is identified as non-noisy if five or
more consecutive beats are identified as non-noisy (e.g.. no
beat-wise noise flags set). In other embodiments, other
thresholds may be utilized to determine whether a particular
segment is noisy or not. In addition to noise levels, identi-
fication of qualified beats may also be predicated on other
monitored parameters associated with patient P, such as time
of day measurement are taken, activity level of the patient,
and underlying average heart rate of the patient. For
example, in some embodiments it may be desirable to
calculate QT intervals during times of patient activity (or
conversely, rest).

[0047] In one embodiment, a determination of qualified
beats performed at step 66 requires aligned segments of the
first and second EKG signals (EKG_a and EKG_b) to both
be qualified (e.g., non-noisy) before a particular segment is
identified as qualified for subsequent analysis. That is, if a
segment of beats associated with the first EKG signal
EKG_a is non-noisy, but the corresponding segment of beats
associated with the second FKG signal EKG_b (e.g., mea-
sured at the same time) are noisy, then at step 66 both
segments may be disqualified.

[0048] At step 68, QT intervals are measured based on the
qualified beat segments associated with the first and second
EKG signals EKG_a and EKG_b. As described in with
respect to FIG. 5, measurement of the QT interval includes
measuring a first interval with respect to the first EKG signal
EKG_a, and a second interval with respect to the second
EKG signal EKG_b. The QT interval iQT is represented by
the sum of the first and second intervals. In particular, in the
embodiment described with respect to FIG. 5 the second
EKG signal EKG_b is utilized to measure the interval
between the peak of the QRS complex (iRpk_b) and the
T-wave offset (iToff_b). The first EKG signal EKG_a is
utilized to measure the interval between the onset of the
QRS complex (iRon_a) and the peak of the QRS complex
(iRpk_a). The sum of these intervals represents the interval
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from the onset of the QRS complex to the offset of the
T-wave, which represents the QT interval.

[0049] As described with respect to FIG. 3, above, mea-
surement of the QT interval may include measurement of
two or more QT intervals associated with two or more beats
within a non-noisy segment and averaging of the measured
QT intervals, or measurement of a single QT interval within
the non-noisy segment. Also described with respect to FIG.
3, additional requirements may be imposed on which beats
within a non-noisy segment are utilized to measured QT
intervals. For example, in one embodiment QT intervals are
only measured for beats that are preceded by a non-noisy
beat. As a result, the first beat identified in a non-noisy
segment—if preceded by a noisy beat—will not be utilized
to measure a QT interval. In addition, whether a QT interval
is measured for a particular beat is further predicated on
whether the attributes used to calculate the interval—namely
the onset of the QRS complex and end of the T-wave—are
detectable or otherwise distinguishable in the monitored
EKG signal. If these attributes cannot be discerned from the
EKG signal, even if found in a non-noisy segment and
meeting the other requirements, the beat is discarded and not
used for measurement of the QT interval.

[0050] Abenefit of the embodiment described with respect
to FIG. 6, is because the EKG signals received from the
monitoring devices include synchronized timing informa-
tion, the respective EKG signals can be aligned based on the
timing information and does not require additional process-
ing to align the first and second EKG signals.

[0051] At step 70, the measured QT interval or intervals
are corrected based on the heart rate associated with the
qualified beats. As described with respect to FIG. 3, above,
a number of well-known algorithms may be utilized to
correct the measured QT interval, including for example
those developed by Bazett, Fridericia, and Framingham. In
one embodiment, if more than one corrected QT interval is
calculated for a measured QT interval, the corrected QT
intervals are averaged together to provide an averaged
calculated QT interval. In some embodiments, a plurality of
QT intervals are measured, and for each measured QT
interval a corrected QT interval is calculated, resulting in a
plurality of corrected QT intervals provided for analysis at
step 72.

[0052] At step 72, the corrected QT interval(s) are ana-
lyzed to detect conditions such as Long QT Syndrome
(LQTS). In the simplest embodiment, all corrected QT
intervals are utilized in the analysis. In other embodiments,
filters may be utilized to select particular corrected QT
intervals for analysis based on one or more other physi-
ological parameters of the patient, such as instantaneous
heart rate, average heart rate, activity level of the patient,
ongoing arrhythmia information, etc.

[0053] As described with respect to FIG. 3, above, analy-
sis of the corrected QT interval may include—in the simplest
embodiment—a comparison of the corrected QT interval to
a threshold value. If the corrected QT interval is greater than
the threshold value, this is indicative of a possible LQTS
condition and may result in a flag being set or notification
sent to attending medical personnel. In other embodiments,
additional physiological parameters or conditions are
accounted for in analyzing the corrected QT interval.
[0054] FIG. 7 is a flowchart illustrating a method of
calculating QT intervals based on two EKG signals received
from a pair of devices that do not share synchronized global



US 2018/0256060 A1

time stamps according to an embodiment of the present
invention. In contrast with the embodiment described with
respect to FIG. 6, in which time information received by
monitoring devices 12a and 125 allowed EKG signals to be
aligned based on time signals, the embodiment described
with respect to FIG. 7 allows first and second EKG signals
to be aligned despite the lack of global timing information.
The EKG signals illustrated graphically with respect to FIG.
5 are referred to again with respect to the embodiment
described with respect to FIG. 7.

[0055] At step 82, first and second EKG signals EKG_a
and EKG_b are received for analysis. Each EKG signal is
comprised of a plurality of cardiac cycles, each cycle
comprised of the P-wave, QRS complex, and T-wave com-
ponents discussed with respect to FIG. 2 above. At step 84,
QRS and T-wave locations of the EKG signal are identified,
including the peak of the QRS complex (iRpk), the QRS
onset (iRon), and the T-wave offset (iToff). Although
grouped with identification of the QRS onset and peak,
identification of the T-wave offset (iToff) may include steps
described with respect to FIGS. 3 and 6, in which a T-wave
offset estimate (iToff_estimate) is selected from a look-up
table based on the patient’s heart rate. The T-wave offset
estimate 1Toff estimate is used to define a T-wave offset
detection window that represents the window of time
wherein subsequent analysis will be performed to locate the
actual T-wave offset iToff. Within the T-wave offset detec-
tion window, peak and valley (maximum and minimum
values) are located, and depending on morphology the
T-wave offset iToff is detected.

[0056] In addition to these attributes, additional attributes
associated with each EKG signal may be detected at step 84
including heart rate (R-R) and noise values (e.g., beat-wise
noise flags). Monitored attributes of the EKG signal detected
at step 84 are stored or otherwise retained for use in
subsequent steps.

[0057] At step 86, a template signal is selected from the
first and second EKG signals. The selection is arbitrary, and
either the first EKG signal or the second EKG signal may be
identified as the template signal. The remaining EKG signal
is identified as the search signal. For the purposes of this
discussion, the first EKG signal EKG_a is identified as the
template signal and the second EKG signal EKG_b is
identified as the search signal.

[0058] At step 88, qualified beats are detected within the
template signal (e.g., first EKG signal EKG_a). The criterion
for selecting qualified one or more qualified segments of
beats is similar to that utilized to detect qualified beats
described with respect to FIGS. 3 and 5. In particular,
non-noisy segments are selected based on the beat-wise
noise flags associated with each beat. In addition, heart rate
variation of beats within a segment may be used as a
criterion, wherein segments with low heart rate variation are
desirable. In one embodiment, segments with heart rate
variation greater than five beats-per-minute (bpm) are dis-
carded. This criterion is particularly important when lining
up segments from the first EKG signal and second EKG
signal collected or measured at different instances of time.
Variation in heart rate makes it more difficult to find a
matching segment within the search signal that can be
aligned with the template signal.

[0059] At step 90, having selected one or more qualified
segments of beats within the template signal, a matching
sequence or segment of beats is located within the search
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signal for each template signal segment. In one embodiment,
matches are located based on an algorithm that seeks to align
QRS peaks between the template signal and the search
signal. Having identified QRS peak information at step 84
for both the template and search signals, this information is
utilized to match segments between the template signal and
the search signal according to selected criterion. For
example, in one embodiment a segment is considered
matching only if the QRS peaks from each are within a
certain time interval of one another (e.g., 0.01 seconds) and
a minimum number of QRS peaks are aligned with one
another (e.g., 60%). Note that alignment of segments does
not necessarily imply that the respective segments were
collected at the same time. That is, a template signal segment
may be aligned with a segment of the search signal measured
at a wholly different instance in time. Qualifying template
string segments based in part on lack of variation in the heart
rate makes it substantially easier to locate matching search
string segments. Because the QRS peaks or a substantial
number of the QRS peaks between matched segments need
to be in alignment, it reasons that the matching segments
will share relatively similar heart rates.

[0060] In one embodiment, the alignment between seg-
ments in the template signal and the search signal is gener-
ated via an algorithm that selects suitable segments of beats
(e.g., non-noisy) within the search single, and locates a best
fit match within the template signal that satisfies the defined
criterion. In some embodiments, no such match is located
and the search signal segment is discarded so that another
search signal segment can be tested. Various algorithms may
be utilized to dynamically locate this best between the
search signal segment and the template signal segment. For
example, in one embodiment a bxb beat-lining up procedure
is utilized that is given criterion described above (e.g.,
threshold of time between aligned QRS peaks, and percent-
age of peaks that need aligning) as input to find matches
between the template signal and the search signal. The
Needleman/Wunsch algorithm—originally designed to align
protein or nucleotide sequences—may also be utilized to
locate alignments between the respective template and
search signals. In another embodiment, cross-correlation
between the template and search signal may be utilized to
align segments between the respective signals. The cross-
correlation approach relies on variation in the template
signal segment to locate matching segments in the search
signal segments, and therefore may be more well-suited to
instances in which the patient’s heart rate is varying within
a wider range.

[0061] At step 92, QT intervals are measured based on the
aligned beat segments selected from the template signal and
the search signal (e.g., first and second EKG signals EKG_a
and EKG_b). Once aligned beat segments have been
located, calculation of the QT interval proceeds as described
with respect to the embodiment in FIG. 5. Measurement of
the QT interval includes measuring a first interval with
respect to the first EKG signal EKG_a, and a second interval
with respect to the second EKG signal EKG_b. The QT
interval iQT is represented by the sum of the first and second
intervals. In particular, in the embodiment described with
respect to FIG. 5 the second EKG signal EKG_b is utilized
to measure the interval between the peak of the QRS
complex (iRpk_b) and the T-wave offset (iToff_b). The first
EKG signal EKG_a is utilized to measure the interval
between the onset of the QRS complex (iRon_a) and the
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peak of the QRS complex (iRpk_a). The sum of these
intervals represents the interval from the onset of the QRS
complex to the offset of the T-wave, which represents the QT
interval.

[0062] As described with respect to FIGS. 3 and 5, above,
measurement of the QT interval may include measurement
of two or more QT intervals associated with two or more
beats within a non-noisy segment and averaging of the
measured QT intervals, or measurement of a single QT
interval within the non-noisy segment. Also described with
respect to FIGS. 3 and 5, additional requirements may be
imposed on which beats within a non-noisy segment are
utilized to measured QT intervals. For example, in one
embodiment QT intervals are only measured for beats that
are preceded by a non-noisy beat. As a result, the first beat
identified in a non-noisy segment—if preceded by a noisy
beat—will not be utilized to measure a QT interval. In
addition, whether a QT interval is measured for a particular
beat is further predicated on whether the attributes used to
calculate the interval—namely the onset of the QRS com-
plex and end of the T-wave—are detectable or otherwise
distinguishable in the monitored EKG signal. If these attri-
butes cannot be discerned from the EKG signal, even if
found in a non-noisy segment and meeting the other require-
ments, the beat is discarded and not used for measurement
of the QT interval.

[0063] Abenefit of the embodiment described with respect
to FIG. 7, is that it may utilize EKG signals received from
monitoring devices that are not synchronized with one
another. As a result, monitoring devices 12a and 126 do not
necessarily have to measure the respective EKG signals at
the same time. In fact, in one embodiment a single moni-
toring device is utilized at two different locations, and
matching segments from the EKG signals measured at each
location are utilized to estimate the patient’s QT interval.
[0064] At step 94, the measured QT interval or intervals
are corrected based on the heart rate associated with the
qualified beats. As described with respect to FIG. 3, above,
a number of well-known algorithms may be utilized to
correct the measured QT interval, including for example
those developed by Bazett, Fridericia, and Framingham. In
one embodiment, if more than one corrected QT interval is
calculated for a measured QT interval, the corrected QT
intervals are averaged together to provide an averaged
calculated QT interval. In some embodiments, a plurality of
QT intervals are measured, and for each measured QT
interval a corrected QT interval is calculated, resulting in a
plurality of corrected QT intervals provided for analysis at
step 95.

[0065] At step 95, the corrected QT interval(s) are ana-
lyzed to detect conditions such as Long QT Syndrome
(LQTS). In the simplest embodiment, all corrected QT
intervals are utilized in the analysis. In other embodiments,
filters may be utilized to select particular corrected QT
intervals for analysis based on one or more other physi-
ological parameters of the patient, such as instantaneous
heart rate, average heart rate, activity level of the patient,
ongoing arrhythmia information, etc.

[0066] As described with respect to FIG. 3, above, analy-
sis of the corrected QT interval may include—in the simplest
embodiment—a comparison of the corrected QT interval to
a threshold value. If the corrected QT interval is greater than
the threshold value, this is indicative of a possible LQTS
condition and may result in a flag being set or notification
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sent to attending medical personnel. In other embodiments,
additional physiological parameters or conditions are
accounted for in analyzing the corrected QT interval.

[0067] FIG. 8is a waveform diagram illustrating matching
of first and second waveform signals and calculation of QT
intervals as a result of the matching according to embodi-
ments of the present invention that utilize a template signal
and a search signal to align EKG signals. In embodiments in
which both EKG signals have global timing information
received from a timing server (e.g., intermediate device 14
shown in FIG. 1), then alignment of the beats is not required
because the timing information can be relied upon for this
purpose. However, in the embodiment shown in FIG. 8, no
timing information is provided and instead alignment of the
beats using a template signal and a search signal is required.

[0068] In the embodiment shown in FIG. 8, a template
signal is illustrated in the top waveform chart and a search
signal is illustrated in the bottom waveform chart. In the
graphical representation of the EKG signals, a number of
cardiac cycles are illustrated and components of each car-
diac cycle—including QRS and T-wave components, beat-
wise noise flags, heart rate, etc—are automatically identi-
fied. In addition, with respect to the template signal,
qualified beats are detected as illustrated in FIG. 8 by beats
LB1-LB6. In this embodiment, the prefix “LB” is an acro-
nym for “lined beats”, and represents those beats that are
aligned for potential QT information extraction. Identifica-
tion of qualified beats may be based on one or more
criterion, including identification of non-noisy segments
based on beat-wise noise flags, and relatively stable heart
rate within the identified segment. In addition, other crite-
rion such as time of day and/or activity level of the patient
may further be utilized to determine whether a segment
should utilized for QT interval analysis or not.

[0069] Having identified a qualified segment of beats (e.g,,
LB1-LB6) within the template signal, a matching sequence
of beats is located within the search signal. The beats
identified within the search signal are not required to have
been measured contemporaneously with the aligned beats
from the template signal, although in some applications it
may be desirable that the aligned beats are selected from
time periods of overlapping measurement of first and second
EKG signals. One or more criterion may be utilized to
determine whether a search signal segment matches a tem-
plate signal segment. For example, as described with respect
to the embodiment shown in FIG. 7, criterion such as a
minimum threshold of time between aligned QRS peaks
may be imposed to ensure alignment between the QRS
peaks. In addition, criterion may include that a certain
percentage of QRS peaks within a given segment must be
aligned in order for the segment to qualify as properly
aligned. In embodiments in which the heart rate of the
template signal is relatively stable, it will often result in the
search signal segment having a heart rate rhythm substan-
tially equal to the heart rate of the template signal segment.
In the embodiment shown in FIG. 8, a plurality of beats
within the search signal have been aligned with the beats
LB1-LB6 within the qualified template segment. In the
embodiment shown in FIG. 8, the onset of QRS complexes
within each beat are aligned with one another—as opposed
to QRS peaks, which may also be utilized. The difference in
location and orientation of the monitoring devices utilized to
measure the first and second EKG signal (template and
search signals, respectively) causes differences in the shape
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of the template signal and the search signal. Once aligned,
the QT interval can be measured as described above and
utilized to detect conditions such as long QT intervals.
Although in order to qualify as aligned, the QRS peaks are
the aligned beats are required to be within a defined thresh-
old of one another (e.g., 0.01 seconds), small differences in
alignment between the respective QRS peaks such as those
shown in FIG. 8 can be accounted for by subtracting the
difference in QRS peaks (e.g., iRpk_b-iRpk_a) from the
measured QT interval.

[0070] FIGS. 9A-9C are displays illustrating various
methods of displaying measured QT interval data according
to embodiments of the present invention. Collection and
display of the information illustrated in FIGS. 9A-9C may
be monitored by a caregiver or medical personnel to provide
a quick overview of a patient’s condition. In addition to the
data illustrated in FIGS. 9A-9C, more detailed QTc data may
be made available to a caregiver or medical personnel along
with raw EKG signals. In addition, it should be noted that
displays shown in FIGS. 9A-9C are not exhaustive of how
corrected QT interval data can be displayed.

[0071] In the embodiment shown in FIG. 9A, QT interval
measurements corrected as described above based on heart
rate information (e.g., QTc data) is displayed versus time to
allow trends in the patient’s QT interval to be analyzed. The
length of time may vary depending on the application from
several hours to several weeks or more. In the embodiment
shown in FIG. 9A, QTc data is shown for a seven day period,
which measured QT data including a mean QTc value,
maximum QTc value, and a minimum QTc value. The
information illustrated in FIG. 9A allows a caregiver or
medical personnel to quickly determine trends in the
patient’s QT interval.

[0072] In the embodiment shown in FIG. 9B, corrected
QT intervals QTc are grouped into bins and displayed versus
time. For example, the example shown in FIG. 9B consists
of four bins each representing a different range of corrected
QT intervals. In the embodiment shown in FIG. 9B, the first
bin is defined as less than 300 milliseconds (ms), the second
bin is defined as between 300 ms and 400 ms, and third bin
is defined as between 400 ms and 450 ms, and the fourth bin
is defined as greater than 450 ms. Each measured QT
interval is placed into one of the defined bins, and the
graphical display shown in FIG. 9B visually illustrates the
number of measurements collected in each bin. In this way,
a reviewing caregiver or medical personnel can visually
review the number of QT intervals that are considered out of
spec or long. For example, in the embodiment shown in FIG.
9B, on the October 5™ date, a number of measured QT
intervals are greater than 450 ms.

[0073] In the embodiment shown in FIG. 9C, corrected
QT intervals are correlated with the patient’s activity level.
In one embodiment, activity level is determined based on
heart rate information, 3D accelerometer information, activ-
ity sensor, or a combination thereof. In the embodiment
shown in FIG. 9C, activity levels include low activity,
sedentary, mild, moderate and heavy. As part of the mea-
suring process, a determination is made of the patient’s
current activity level and corrected QT intervals measured
during this time are associated with the identified activity
level. In the embodiment shown in FIG. 9C, both mean
corrected QT intervals and maximum corrected QT intervals
are displayed. The display shown in FIG. 9C allows a
caregiver or medical personnel to quickly review data and
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detect trends related to activity level of the patient. It should
be noted, that while the QT interval will decrease in time
with increasing activity (e.g., increasing heart rate), the
corrected QT interval QTc corrects the measured QT interval
based on heart rate, so that measurements taken during
heavy activity reflect this correction of the measured QT
interval.

[0074] In each of the examples shown in with respect to
FIGS. 9A-9C, the goal is provide an output or display that
allows a caregiver or medical personnel to quickly identify
potentially problematic issues. In addition to this type of
display, calculated QT intervals (both corrected and non-
corrected) and measured EKG signals may be provided for
review by the caregiver and/or medical personnel. In one
embodiment, the displays shown in FIG. 9A-9C are used as
a preliminary review of QT intervals associated with a
patient, with additional information provided to a caregiver
or medical personnel upon request or if a threshold is
crossed with respect to the information shown in FIGS.
9A-9C.

[0075] FIGS. 10A and 10B show an exploded view and a
side cross-sectional view, respectively, of adherent devices
utilized to measure EKG signals according to embodiments
of the present invention. The adherent device 100 may
comprise an adherent patch 110 with an adhesive 116B,
electrodes 1124, 112B, 112C, 112D with gels 114A, 114B,
114C, 114D, gel cover 180, temperature sensor 177, cover
162, and a printed circuit board (PCB) 120 with various
circuitry for monitoring physiological sensors, communicat-
ing wirelessly with a remote center, and providing alerts
when necessary. The adherent device 100 comprises at least
two electrodes and in the embodiment shown in FIGS. 9A
and 9B is comprised of four electrodes 112A, 112B, 112C
and 112D. Adherent device 100 may comprise a maximum
dimension, for example a maximum length from about 4 to
10 inches, a maximum thickness along a profile of the device
from about 0.2 inches to about 0.6 inches, and a maximum
width from about 2 to about 4 inches.

[0076] The adherent patch 110 comprises a first side, or a
lower side 110A, that is oriented toward the skin of the
patient when placed on the patient. The adherent patch 110
may also comprise a tape 110T which is a material, prefer-
ably breathable, with an adhesive 116A to adhere to patient
P. Electrodes 112A, 112B, 112C and 112D are affixed to
adherent patch 110. In many embodiments, at least four
electrodes are attached to the patch. Gels 114A, 114B, 114C
and 114D can each be positioned over electrodes 1124,
112B, 112C and 112D, respectively, to provide electrical
conductivity between the electrodes and the skin of the
patient. Adherent patch 100 also comprises a second side, or
upper side 110B. In many embodiments, electrodes 112A,
112B, 112C and 112D extend from lower side 110A through
adherent patch 110 to upper side 110B. An adhesive 116B
can be applied to upper side 110B to adhere structures, for
example a breathable cover, to the patch such that the patch
can support the electronics and other structures when the
patch is adhered to the patient.

[0077] In many embodiments, adherent patch 110 may
comprise a layer of breathable tape 110T, for example a
tricot-knit polyester fabric, to allow moisture vapor and air
to circulate to and from the skin of the patient through the
tape. In many embodiments, breathable tape 110T comprises
a backing material, or backing 111, with an adhesive. In
many embodiments, the backing is conformable and/or
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flexible, such that the device and/or patch do not become
detached with body movement. In many embodiments, the
adhesive patch may comprise from 1 to 2 pieces, for
example 1 piece. In many embodiments, adherent patch 110
comprises pharmacological agents, such as at least one of
beta blockers, ace inhibiters, diuretics, steroid for inflam-
mation, antibiotic, antifungal agent, and cortisone steroid.
Patch 110 may comprise many geometric shapes, for
example at least one of oblong, oval, butterfly, dogbone,
dumbbell, round, square with rounded corners, rectangular
with rounded corners, or a polygon with rounded corners. In
specific embodiments, a thickness of adherent patch 110 is
within a range from about 0.001" to about 0.020", length of
the patch is within a range from about 2" to about 10", and
width of the patch is within a range from about 1" to about
s

[0078] In many embodiments, the adherent device 100
comprises a temperature sensor 177 disposed over a periph-
eral portion of gel cover 180 to allow the temperature near
the skin to be measured through the breathable tape and the
gel cover. Temperature sensor 177 can be affixed to gel cover
180 such that the temperature sensor can move when the gel
cover stretches and tape stretch with the skin of the patient.
Temperature sensor 177 may be coupled to temperature
sensor circuitry 144 through a flex connection comprising at
least one of wires, shielded wires, non-shielded wires, a flex
circuit, or a flex PCB. The temperature sensor can be affixed
to the breathable tape, for example through a cutout in the
gel cover with the temperature sensor positioned away from
the gel pads. A heat flux sensor can be positioned near the
temperature sensor for example to measure heat flux through
to the gel cover.

[0079] The adherent device comprises electrodes 112A,
112B, 112C and 112D configured to couple to tissue through
apertures in the breathable tape 110T. Electrodes 1124,
112B, 112C and 112D can be fabricated in many ways, for
example printed on a flexible connector 112F, such as silver
ink on polyurethane. In some embodiments, the electrodes
may comprise at least one of carbon-filled ABS plastic,
Ag/AgCl, silver, nickel, or electrically conductive acrylic
tape. The electrodes may comprise many geometric shapes
to contact the skin, for example at least one of square,
circular, oblong, star shaped, polygon shaped, or round. In
specific embodiments, a dimension across a width of each
electrode is within a range from about 002" to about 0.050".
In specific embodiments, the two inside electrodes may
comprise force, or current electrodes, with a center to center
spacing within a range from about 20 to about 50 mm. In
specific embodiments, the two outside electrodes may com-
prise measurement electrodes, for example voltage elec-
trodes, and a center-center spacing between adjacent voltage
and current electrodes is within a range from about 15 mm
to about 35 mm. Therefore, in many embodiments, a spacing
between inner electrodes may be greater than a spacing
between an inner electrode and an outer electrode.

[0080] In many embodiments, gel 114A, or gel layer,
comprises a hydrogel that is positioned on electrode 112A
and provides a conductive interface between skin and elec-
trode, so as to reduce impedance between electrode/skin
interface. The gel may comprise water, glycerol, and elec-
trolytes, pharmacological agents, such as beta blockers, ace
inhibiters, diuretics, steroid for inflammation, antibiotic, and
antifungal agents. Gels 114A, 114B, 114C and 114D can be
positioned over electrodes 112A, 112B, 112C and 112D,
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respectively, so as to couple electrodes to the skin of the
patient. The flexible connector 112F comprising the elec-
trodes can extend from under the gel cover to the PCB to
connect to the PCB and/or components supported thereon.
For example, flexible connector 112F may comprise flexible
connector 122A to provide strain relief.

[0081] A gel cover 180, or gel cover layer, for example a
polyurethane non-woven tape, can be positioned over patch
110 comprising the breathable tape to inhibit flow of gels
114A-114D through breathable tape 110T. Gel cover 180
may comprise at least one of a polyurethane, polyethylene,
polyolefin, rayon, PVC, silicone, non-woven material, foam,
or a film. Gel cover 180 may comprise an adhesive, for
example an acrylate pressure sensitive adhesive, to adhere
the gel cover to adherent patch 110. In many embodiments,
the gel cover can regulate moisture of the gel near the
electrodes so as to keeps excessive moisture, for example
from a patient shower, from penetrating gels near the elec-
trodes. A PCB layer, for example the flex PCB 120, or flex
PCB layer, can be positioned over gel cover 180 with
electronic components 130 connected and/or mounted to the
flex PCB 120, for example mounted on flex PCB so as to
comprise an electronics layer disposed on the flex PCB
layer. In many embodiments, the gel cover may avoid
release of excessive moisture form the gel, for example
toward the electronics and/or PCB modules. In many
embodiments, a thickness of gel cover is within a range from
about 0.0005" to about 0.020". In many embodiments, gel
cover 180 can extend outward from about 0-20 mm from an
edge of gels. Gel layer 180 and breathable tape 110T
comprise apertures 180A, 180B, 180C and 180D through
which electrodes 112A-112D are exposed to gels 114A-
114D.

[0082] In many embodiments, device 100 includes a
printed circuitry, for example a PCB module that includes at
least one PCB with electronics component mounted thereon.
The printed circuit may comprise polyester film with silver
traces printed thereon. Rigid PCB’s 120A, 120B, 120C and
120D with electronic components may be mounted on the
flex PCB 120. In many embodiments, the PCB module
comprises two rigid PCB modules with associated compo-
nents mounted therein, and the two rigid PCB modules are
connected by flex circuit, for example a flex PCB. In specific
embodiments, the PCB module comprises a known rigid
FR4 type PCB and a flex PCB comprising known polyimide
type PCB. Batteries 150 may be positioned over the flex
PCB and electronic components. Batteries 150 may com-
prise rechargeable batteries that can be removed and/or
recharged. A cover 162 may be placed over the batteries,
electronic components and flex PCB. In specific embodi-
ments, the PCB module comprises a rigid PCB with flex
interconnects to allow the device to flex with patient move-
ment. The geometry of flex PCB module may comprise
many shapes, for example at least one of oblong, oval,
butterfly, dogbone, dumbbell, round, square, rectangular
with rounded corners, or polygon with rounded corners. In
specific embodiments the geometric shape of the flex PCB
module comprises at least one of dogbone or dumbbell. The
PCB module may comprise a PCB layer with flex PCB 120
that can be positioned over gel cover 180 and electronic
components 130 connected and/or mounted to flex PCB 120.
In many embodiments, the adherent device may comprise a
segmented inner component, for example the PCB, for
limited flexibility.
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[0083] In many embodiments, an electronics housing 160
encapsulates the electronics layer. Electronics housing 160
may comprise an encapsulant, such as a dip coating, which
may comprise a waterproof material, for example silicone,
epoxy, other adhesives and/or sealants. In many embodi-
ments, the PCB encapsulant protects the PCB and/or elec-
tronic components from moisture and/or mechanical forces.
The encapsulant may comprise silicone, epoxy, other adhe-
sives and/or sealants. In some embodiments, the electronics
housing may comprising metal and/or plastic housing and
potted with aforementioned sealants and/or adhesives.

[0084] In many embodiments, cover 162 can encase the
flex PCB, electronics, and/or adherent patch 110 so as to
protect at least the electronics components and the PCB. In
some embodiments, cover 162 can be adhered to adherent
patch 110 with an adhesive 164 or adhesive 116B on an
underside of cover 162. In many embodiments, cover 162
attaches to adherent patch 110 with adhesive 116B, and
cover 162 is adhered to the PCB module with an adhesive
161 on the upper surface of the electronics housing. Cover
162 can comprise many known biocompatible cover mate-
rials, for example silicone, an outer polymer cover to
provide smooth contour without limiting flexibility, a
breathable fabric, or a breathable water resistant cover. In
some embodiments, the breathable fabric may comprise
polyester, nylon, polyamide, and/or elastane (Spandex™).
Work in relation to embodiments of the present invention
suggests that these coatings can be important to keep exces-
sive moisture from the gels near the electrodes and to
remove moisture from body so as to provide patient comfort.

[0085] In many embodiments, cover 162 can be attached
to adherent patch 110 with adhesive 1168 such that cover
162 stretches and/or retracts when adherent patch 110
stretches and/or retracts with the skin of the patient. For
example, cover 162 and adherent patch 110 can stretch in
two dimensions along the length and width of the adherent
patch with the skin of the patient, and stretching along the
length can increase spacing between electrodes. Stretching
of the cover and adherent patch 110 can extend the time the
patch is adhered to the skin as the patch can move with the
skin. Electronics housing 160 can be smooth and allow
breathable cover 162 to slide over electronics housing 160,
such that motion and/or stretching of cover 162 is slidably
coupled with housing 160. The PCB can be slidably coupled
with adherent patch 110 that comprises breathable tape
1107, such that the breathable tape can stretch with the skin
of the patient when the breathable tape is adhered to the skin
of the patient, for example along two dimensions comprising
the length and the width.

[0086] The breathable cover 162 and adherent patch 110
comprise breathable tape that can be configured to couple
continuously for at least one week the at least one electrode
to the skin so as to measure breathing of the patient. The
breathable tape may comprise the stretchable breathable
material with the adhesive and the breathable cover may
comprises a stretchable breathable material connected to the
breathable tape, as described above, such that both the
adherent patch and cover can stretch with the skin of the
patient. Arrows 182 show stretching of adherent patch 110,
and the stretching of adherent patch can be at least two
dimensional along the surface of the skin of the patient. As
noted above, connectors 122A-122D between PCB 130 and
electrodes 112A-112D may comprise insulated wires that
provide strain relief between the PCB and the electrodes,
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such that the electrodes can move with the adherent patch as
the adherent patch comprising breathable tape stretches.
Arrows 184 show stretching of cover 162, and the stretching
of the cover can be at least two dimensional along the
surface of the skin of the patient.

[0087] The PCB 120 may be adhered to the adherent patch
110 comprising breathable tape 110T at a central portion, for
example a single central location, such that adherent patch
110 can stretched around this central region. The central
portion can be sized such that the adherence of the PCB to
the breathable tape does not have a substantial effect of the
modulus of the composite modulus for the fabric cover,
breathable tape and gel cover, as described above. For
example, the central portion adhered to the patch may be less
than about 100 mm>, for example with dimensions that
comprise no more than about 10% of the area of patch 110,
such that patch 110 can stretch with the skin of the patient.
Electronics components 130, PCB 120, and electronics
housing 160 are coupled together and disposed between the
stretchable breathable material of adherent patch 110 and the
stretchable breathable material of cover 160 so as to allow
the adherent patch 110 and cover 160 to stretch together
while electronics components 130, PCB 120, and electronics
housing 160 do not stretch substantially, if at all. This
decoupling of electronics housing 160, PCB 120 and elec-
tronic components 130 can allow the adherent patch 110
comprising breathable tape to move with the skin of the
patient, such that the adherent patch can remain adhered to
the skin for an extended time of at least one week.

[0088] An air gap 169 may extend from adherent patch
110 to the electronics module and/or PCB, so as to provide
patient comfort. Air gap 169 allows adherent patch 110 and
breathable tape 110T to remain supple and move, for
example bend, with the skin of the patient with minimal
flexing and/or bending of PCB 120 and electronic compo-
nents 130, as indicated by arrows 186. PCB 120 and
electronics components 130 that are separated from the
breathable tape 1107 with air gap 169 can allow the skin to
release moisture as water vapor through the breathable tape,
gel cover, and breathable cover. This release of moisture
from the skin through the air gap can minimize, and even
avoid, excess moisture, for example when the patient sweats
and/or showers. Gap 169 extends from adherent patch 110 to
the electronics module and/or PCB a distance within a range
from about 0.25 mm to about 4 mm.

[0089] In many embodiments, the adherent device com-
prises a patch component and at least one electronics mod-
ule. The patch component may comprise adherent patch 110
comprising the breathable tape with adhesive coating 116A,
at least one electrode, for example electrode 112A and gel
114A. The at least one electronics module can be separable
from the patch component. In many embodiments, the at
least one electronics module comprises the flex PCB 120,
electronic components 130, electronics housing 160 and
cover 162, such that the flex PCB, electronic components,
electronics housing and cover are reusable and/or removable
for recharging and data transfer, for example as described
above. In specific embodiments, the electronic module can
be adhered to the patch component with a releasable con-
nection, for example with Velcro™, a known hook and loop
connection, and/or snap directly to the electrodes. Monitor-
ing with multiple adherent patches for an extended period is
described in U.S. Pub. No. 2009-0076345-A1, published on
Mar. 19, 2009, the full disclosure of which has been previ-
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ously incorporated herein by reference, and which adherent
patches and methods are suitable for combination in accot-
dance with embodiments described herein.

[0090] The adherent device 100, shown in FIG. 10A, may
comprise an X-axis, Y-axis and Z-axis for use in determining
the orientation of the adherent device 100 and/or the patient
P. Electric components 130 may comprise a 3D accelerom-
eter. As the accelerometer of adherent device 100 can be
sensitive to gravity, inclination of the patch relative to an
axis of the patient can be measured, for example when the
patient stands. Vectors from a 3D accelerometer can be used
to determine the orientation of a measurement axis of the
patch adhered on the patient and can be used to determine
the angle of the patient, for example whether the patient is
laying horizontally or standing upright, when measured
relative to the X-axis, Y-axis and/or X-axis of adherent
device 100.

[0091] FIG. 10B shows a PCB and electronic components
over adherent patch 110. In some embodiments, PCB 120,
for example a flex PCB, may be connected to electrodes
112A, 1128, 112C and 112D of FIG. 10B with connectors
122A,122B, 122C and 122D, respectively, and may include
traces 123A, 123B, 123C and 123D that extend to connec-
tors 122A, 122B, 122C and 122D. In some embodiments,
connectors 122A-122D may comprise insulated wires and/
or a film with conductive ink that provide strain relief
between the PCB and the electrodes.

[0092] Electronic components 130 comprise components
to take physiologic measurements, transmit data to interme-
diate device 14 (shown in FIG. 1) and receive commands
and/or timing signals from intermediate device 14. In many
embodiments, electronics components 130 may comprise
known low power circuitry, for example complementary
metal oxide semiconductor (CMOS) circuitry components.
Electronics components 130 comprise a temperature sensor,
an activity sensor and activity circuitry 134, impedance
circuitry 136 and electrocardiogram circuitry, for example
ECG circuitry 138. In some embodiments, electronic cir-
cuitry 130 may comprise a microphone and microphone
circuitry 142 to detect an audio signal, such as heart or
respiratory sound, from within the patient.

[0093] Activity sensor and activity circuitry 134 can com-
prise many known activity sensors and circuitry. In many
embodiments, the accelerometer comprises at least one of a
piezoelectric accelerometer, capacitive accelerometer or
electromechanical accelerometer. The accelerometer can
comprise a 3-axis accelerometer to measure at least one of
an inclination, a position, an orientation or acceleration of
the patient in three dimensions. Work in relation to embodi-
ments of the present invention suggests that three dimen-
sional orientation of the patient and associated positions, for
example sitting, standing, lying down, can be very useful
when combined with data from other sensors, for example
hydration data. In addition, impedance circuitry 136 can
generate both hydration data and respiration data. These
physiological parameters can be utilized in conjunction with
the measured EKG signals to determine whether or not
segments of beats should be analyzed for conditions such as
long QT syndrome, and may be used in conjunction with
measured QT intervals to diagnose underlying conditions.
[0094] In many embodiments, impedance circuitry 136 is
electrically connected to electrodes 112A, 112B, 112C and
112D of FIG. 10A in a four pole configuration, such that
electrodes 112A and 112D comprise outer electrodes that are
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driven with a current and comprise force electrodes that
force the current through the tissue. The current delivered
between electrodes 112A and 112D generates a measurable
voltage between electrodes 112B and 112C, such that elec-
trodes 112B and 112C comprise inner, sense, electrodes that
sense and/or measure the voltage in response to the current
from the force electrodes. In some embodiments, electrodes
112B and 112C may comprise force electrodes and elec-
trodes 112A and 112D may comprise sense electrodes. The
voltage measured by the sense electrodes can be used to
measure the impedance of the patient and determine the
respiration rate and/or hydration of the patient. In many
embodiments, impedance circuitry 136 can be configured to
determine respiration of the patient. In specific embodi-
ments, the impedance circuitry can measure the hydration at
25 Hz intervals, for example at 25 Hz intervals using
impedance measurements with a frequency from about 0.5
kHz to about 20 kHz.

[0095] ECG circuitry 138 can generate electrocardiogram
signals and data from two or more of electrodes 112A, 112B,
112C and 112D in many ways. In some embodiments, ECG
circuitry 138 is connected to inner electrodes 112B and
122C, which may comprise sense electrodes of the imped-
ance circuitry as described above. In many embodiments,
the ECG circuitry may measure the ECG signal from
electrodes 112A and 112D when current is not passed
through electrodes 112A and 112D.

[0096] Electronic circuitry 130 may comprise a processor
146 that can be configured to control a collection, analysis
and/or transmission of data from the impedance circuitry
electrocardiogram circuitry and the accelerometer. Proces-
sor 146 comprises a tangible medium, for example read only
memory (ROM), electrically erasable programmable read
only memory (EEPROM) and/or random access memory
(RAM). Electronic circuitry 130 may comprise real time
clock and frequency generator circuitry 148. In some
embodiments, processor 146 may comprise the frequency
generator and real time clock. In many embodiments, device
100 comprises a distributed processor system, for example
with multiple processors on device 100.

[0097] In many embodiments, electronics components
130 comprise wireless communications circuitry 132 to
communicate with intermediate device 14 (shown in FIG.
1). PCB 120 may comprise an antenna to facilitate wireless
communication. The antenna may be integral with PCB 120
or may be separately coupled thereto. The wireless commu-
nication circuitry can be coupled to the impedance circuitry,
the electrocardiogram circuitry and the accelerometer to
transmit to a remote center with a communication protocol
at least one of the hydration signal, the electrocardiogram
(EKG) signal or the activity/inclination signal. In specific
embodiments, wireless communication circuitry 132 is con-
figured to transmit the hydration signal, the electrocardio-
gram signal and the inclination signal to the remote moni-
toring system 16 (shown in FIG. 1) either directly or through
intermediate device 14 (also shown in FIG. 1). The com-
munication protocol comprises at least one of Bluetooth,
ZigBee, WiFi, WIMAX, IR, amplitude modulation or fre-
quency modulation. In many embodiments, the communi-
cations protocol comprises a two way protocol such that the
remote center is capable of issuing commands to control
data collection.

[0098] In many embodiments, the electrodes are con-
nected to the PCB with a flex connection, for example trace
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123A, 123B, 123C and 123D of flex PCB 120, so as to
provide strain relief between the electrodes 1124, 112B,
112C and 112D and the PCB. In such embodiments, motion
of the electrodes relative to the electronics modules, for
example rigid PCB’s 120A, 120B, 120C and 120D with the
electronic components mounted thereon, does not compro-
mise integrity of the electrode/hydrogel/skin contact. In
many embodiments, the flex connection comprises at least
one of wires, shielded wires, non-shielded wires, a flex
circuit, or a flex PCB. In specific embodiments, the flex
connection may comprise insulated, non-shielded wires with
loops to allow independent motion of the PCB module
relative to the electrodes.
[0099] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be understood
by those skilled in the art that various changes may be made
and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the invention with-
out departing from the essential scope thereof. Therefore, it
is intended that the invention not be limited to the particular
embodiment(s) disclosed, but that the invention will include
all embodiments falling within the scope of the appended
claims.
1. A monitoring system for measuring QT intervals in
patients, the monitoring system comprising:
a first monitoring device adhered to a patient at a first
location that monitors a first electrocardiogram (EKG)
signal associated with the patient;
a QT interval measurement module configured to receive
the first EKG signal from the first monitoring device,
wherein the QT interval measurement module:
identifies QRS complex attributes and heart rate attri-
butes for each beat within the received first EKG
signal, wherein QRS complex attributes include a
peak of each QRS complex (iRpk) and a QRS onset
(iRon);

generates a T-wave offset estimate (iToff_estimate)
based at least in part on the identified heart rate
attributes;

identifies a T-wave offset detection window based on
the identified QRS complex (iRpk) and the generated
T-wave offset estimate (iToff_estimate);

locates the T-wave offset (iToff) within the identified
T-wave offset detection window based on detected
maximums and minimums within the T-wave offset
detection window; and

measures QT intervals based on identified QRS onset
(iRon) and T-wave offset (iToff).

2. The monitoring system of claim 1, wherein the QT
interval measurement module identifies beats that are noisy
and identifies a beat segment as non-noisy if a consecutive
number of beats are identified as non-noisy, wherein only
non-noisy beat segments are utilized to measure QT interval.

3. The monitoring system of claim 1, wherein the QT
interval measurement module selects a beat segment for QT
interval analysis based on one or more of time of day,
activity level of the patient, orientation of the patient, and/or
heart rate of the patient.

4. The monitoring system of claim 1, wherein the QT
interval measurement module discards beats in which QRS

Sep. 13,2018

onset (iRon) and/or T-wave offset (iToff) cannot be dis-
cerned within the first EKG signal even if the beat is
non-noisy.

5. The monitoring system of claim 1, wherein the T-wave
offset detection window extends from the T-wave offset
estimate (iToff_estimate) plus a threshold.

6. The monitoring system of claim 1, wherein locating the
T-wave offset estimate (iToff_estimate) for each beat
includes utilizing the identified heart rate attributes of the
patient and a look-up table to estimate a T-wave offset
window in which to search for the T-wave offset (iToff).

7. The monitoring system of claim 1, wherein the QT
interval measurement module is located in an intermediate
device that includes a processor for executing instructions
stored in a computer readable medium, and an antenna for
receiving the first EKG signal from the first monitoring
device.

8. The monitoring system of claim 1, wherein the QT
interval measurement module generates an alert in response
to detected long QT intervals.

9. The monitoring system of claim 8, wherein the QT
interval measurement module provides generated alerts and
the received first EKG signal to a remote monitoring center.

10. A method of detecting QT intervals in patients, the
method comprising:

receiving an electrocardiogram (EKG) signal monitored

with respect to a patient;
identifying QRS complex attributes and heart rate attri-
butes for each beat within the received EKG signal,
wherein QRS complex attributes include a peak of each
QRS complex (iRpk) and a QRS onset (iRon);

generating a T-wave offset estimate (iToff estimate)
based at least in part on the identified heart rate
attributes;
identifying a T-wave offset detection window based on the
identified QRS complex (iRpk) and the generated
T-wave offset estimate (iToff_estimate);

locating the T-wave offset (iToff) within the identified
T-wave offset detection window based on detected
maximums and minimums within the T-wave offset
detection window; and
measuring QT intervals based on identified QRS onset

(iRon) and T-wave offset (iTof}).

11. The method of claim 10, further including identifying
beats that are noisy within the received EKG signal and
setting beat-wise noise flags with respect to those beats that
are noisy.

12. The method of claim 11, further including identifying
qualified beat segments within the EKG signal, wherein a
qualified beat segment has a threshold number of consecu-
tive non-noisy beats.

13. The method of claim 12, wherein QT intervals are
measured with respect to qualified beat segments.

14. The method of claim 10, wherein a long QT syndrome
flag is set in response to the measured QT interval exceeding
a threshold value.

15. The method of claim 10, wherein the QT interval is
stored and utilized as a benchmark for comparison to
subsequently measured QT intervals.

I S T



TRBR(F) QTRIBEE A EMMEXRE

K (BE)S US20180256060A1 K (nE)R
RiES US15/975099 RiEHR
FRIRE(FRR)AE) EREHHEERAT

RF(EFR)AGE) EHNRFEN , INC.

HARBEEANR)AGE) ZRDLREN , INC.

FRI& B A

RBA

S EREESE

BEG®)

ARNHERT —FET MR SN RS BERH — MRS NEKGES KA

CHAKRAVARTHY NIRANJAN
CHAVAN ABHI

WILLIAMS SCOTT
GUDIVADA RAO

CHAKRAVARTHY, NIRANJAN
CHAVAN, ABHI

WILLIAMS, SCOTT
GUDIVADA, RAO

A61B5/0472 A61B5/00 A61B5/0245 A61B5/04 A61B5/0452

2018-09-13

2018-05-09

patsnap

A61B5/6832 A61B5/0006 A61B5/0472 A61B5/7285 A61B5/0245 A61B5/04012 A61B5/0452 A61B5

/6823 A61B5/7275 G16H50/30
uUS10722133

Espacenet USPTO

\

BN BEPNQTRHNREN G E. B NEKGESIRNE—H ,

SB_EKGESHEML , BFEQRSEBHES |

QRSIEEFEMTRREBE

B. ETMNE—EKGESSHENQRSEBEENMNE_EKGESSHEMN 18

TREBESRITEQTEMY, HMItENQTRAERERTLERARAQT i 33\

ERE R, H B AL TR N MK QTH RS £ B R,

20

14

22\

QT INTERNAL
MEASUREMENT MODULE/
INTERMEDIATE DEVICE

f24

16

/

REMOTE MONITORING
SYSTEM
28 30 r 32

UPROC

STORAGE
MEDIUM

x
L

[ STORAGE
| 11 PROC " MEDIUM”DISPLA‘/|

ku

DATA ALERTS



https://share-analytics.zhihuiya.com/view/8b401d49-b108-4012-b7b8-418be2bcb7c0
https://worldwide.espacenet.com/patent/search/family/054602071/publication/US2018256060A1?q=US2018256060A1
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=%2220180256060%22.PGNR.&OS=DN/20180256060&RS=DN/20180256060

