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7) ABSTRACT

A medical system (10) and method detect arrhythmic events.
The medical system (10) includes at least one processor (28,
34, 50) programmed to perform the method. A photoplethys-
mogram (PPG) signal generated using a PPG probe (12)
positioned on or within a patient (14) and a pulse signal
generated using an accelerometer (38) positioned on or
within the patient (14) received. Features from the PPG signal
are extracted to PPG feature vectors, and features are
extracted from the pulse signal to pulse feature vectors. The
PPG feature vectors are correlated with the pulse feature

(51) Imt.CL vectors, and correlated PPG feature vectors and correlated
A61B 5/00 (2006.01) pulse feature vectors are evaluated to detect arrhythmic
AG6IB 5/11 (2006.01) events.
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SYSTEM AND METHOD TO DETECT
SIGNIFICANT ARRHYTHMIC EVENTS
THROUGH A PHOTOPLETHYSMOGRAM
(PPG) AND ACCELEROMETER

[0001] The present application relates generally to patient
monitoring. It finds particular application in conjunction with
reducing false alarms and will be described with particular
reference thereto. However, it is to be understood that it also
finds application in other usage scenarios and is not necessar-
ily limited to the aforementioned application.

[0002] Electrocardiograph (ECG) monitoring for cardiac
events, such as ischemia and arrhythmic events, is important
for detecting patient deterioration. Arrhythmic events of
interest include, for example, onset and end of Atrial Fibril-
lation or Flutter (A-Fib), Ventricular Tachycardia (V-Tach),
Ventricular Fibrillation (V-Fib), and Asystole. However, ECG
monitoring poses a number of challenges.

[0003] Conventional ECG technologies are cumbersome,
laborious with regards to maintaining signal acquisition, and
costly. In many cases, continuous ECG requires significant
work of clinicians to maintain proper electrode and lead con-
tact to the skin. Failure to do so can result in false detection of
cardiac events and false alarms, or clinically action-less
events. Further, even with the development of smaller, lower
cost, and wearable technologies, many of these challenges are
still present.

[0004] The present application provides new and improved
methods and systems which overcome the above-referenced
problems and others.

[0005] Inaccordance with one aspect, a medical system for
detecting arrhythmic events is provided. The system includes
at least one processor programmed to receive a photoplethys-
mogram (PPG) signal generated using a PPG probe posi-
tioned on or within a patient and receive a pulse signal gen-
erated using an accelerometer positioned on or within the
patient. Further, the at least one processor is programmed to
extract features from the PPG signal to PPG feature vectors,
extract features from the pulse signal to pulse feature vectors,
correlate the PPG feature vectors with the pulse feature vec-
tors, and evaluate correlated PPG feature vectors and corre-
lated pulse feature vectors to detect arrhythmic events.
[0006] In accordance with another aspect, a medical
method for detecting arrhythmic events is provided. A PPG
signal generated using a PPG probe is positioned on or within
apatient and a pulse signal generated using an accelerometer
positioned on or within the patient are received. Features are
extracted from the PPG signal to PPG feature vectors, and
features are extracted from the pulse signal to pulse feature
vectors. The PPG feature vectors are correlated with the pulse
feature vectors, and correlated PPG feature vectors and cor-
related pulse feature vectors are evaluated to detect arrhyth-
mic events.

[0007] Inaccordancewithanother aspect, amedical system
for detecting arrhythmic events is provided. The system
includes a first feature extraction unit extracting features from
a PPG signal to PPG feature vectors. The PPG signal is
generated using a PPG probe positioned on or within a
patient. The system further includes a second feature extrac-
tion unit extracting features from a pulse signal and a respi-
ration signal to pulse feature vectors and respiration feature
vectors, respectively. The pulse and respiration signals are
generated using an accelerometer positioned on or within the
patient. The system further includes an arrhythmia unit con-
figured to correlate the PPG feature vectors with the pulse and
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respiration feature vectors and evaluate correlated PPG fea-
ture vectors and correlated pulse and respiration feature vec-
tors to detect arrhythmic events.

[0008] One advantage resides in more reliable detection of
arrhythmic events.

[0009] Another advantage is in detecting arrhythmic events
without the need for electrocardiograph (ECG) monitoring.
[0010] Another advantage resides in the ability to detect
arrhythmic events periodically without the need for continu-
ous monitoring,.

[0011] Still further advantages of the present invention will
be appreciated to those of ordinary skill in the art upon read-
ing and understand the following detailed description includ-
ing detection of other physiologic conditions that warrant
notification to the patient’s care provider or suitable
responder to the detected condition.

[0012] Theinvention may take form in various components
and arrangements of components, and in various steps and
arrangements of steps. The drawings are only for purposes of
illustrating the preferred embodiments and are not to be con-
strued as limiting the invention.

[0013] FIG. 1 illustrates one embodiment of a medical sys-
tem for detecting arrhythmic events.

[0014] FIG. 2 illustrates another embodiment of a medical
system for detecting arrhythmic events.

[0015] FIG. 3 illustrates a flow chart for detecting arrhyth-
mic events with the systems of FIG. 1 or 2.

[0016] Thepresent invention proposes to detect arrhythmic
events by use of a photoplethysmogram (PPG) signal and
respiration and pulse signals, the respiration and pulse signals
being determined from an accelerometer. These events can be
detected with high confidence by cross correlation of the
accelerometer based respiration and pulse signals with the
PPG signal. Further, detected events can be used to generate
alerts to clinicians with high confidence.

[0017] With reference to FIGS. 1 and 2, a medical system
10 includes a PPG probe 12 facilitating the generation of a
PPG signal and/or other signals. Typically, the PPG signal is
generated using pulse oximetry, but other approaches for
generating the PPG signal are contemplated. The PPG probe
12 is placed on or within an associated patient 14.

[0018] When pulse oximetry is employed to generate the
PPG signal, the PPG probe 12 is placed on or around a thin
part of the patient 14. In the case of an infant, the PPG probe
12 is usually placed across a foot. Otherwise, the PPG probe
12 is usually placed across a fingertip, across an earlobe, in
the web between the index finger and thumb (princeps pollicis
artery), or on the forehead. Further, when pulse oximetry is
employed, the PPG probe 12 includes one or more light
sources which are controlled to pass light at red (e.g., around
660 nm) and infrared (e.g., around 940 nm) wavelengths
sequentially through the patient 14 to a photo-detector of the
PPG probe 12. The changing absorbance at each of the two
wavelengths is measured by the photo-detector to create an
optical signal.

[0019] A PPG signal processing unit (PSPU) 16 processes
one or more signals generated by the PPG probe 12 (e.g., the
optical signal) to generate the PPG signal and/or the other
signals. Suitably, the PPG signal and/or the other signals are
continuous.

[0020] Further, a PPG feature extraction unit (PFEU) 18
processes the PPG signal to extract one or more features to
PPG feature vectors. Features that can be extracted include
signal quality index (SQI) for the PPG signal, signal stability
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of the PPG signal, pulse references (i.e., detected pulse iden-
tifiers (IDs)) for a last n pulses (e.g., n=4 or 8), inter pulse
intervals (TPIs) for the pairs of adjacent pulses of the last n
pulses, median IPI for the last n pulses, and inop messaging.
A pulse reference for a pulse can, for example, be a master
clock index. Typically, all of these features are extracted to a
PPG feature vector.

[0021] The PFEU 18 typically only extracts the features to
a PPG feature vector when the SQI of the PPG signal exceeds
a predetermined threshold. The predetermined threshold is
set at a level where a user of the medical system 10 deems the
signal quality sufficiently high to reliably extract the features.
Further, the PFEU 18 typically only extracts the features
according to a predetermined sampling rate, such as, for
example, 10 milliseconds. The predetermined sampling rate
can be set by a user of the medical system 10 based upon the
computational resources (e.g., processing power and
memory) of the medical system 10 and/or the granularity of
PPG feature vectors needed to reliably monitor patients.

[0022] ThePSPU 16 and the PFEU 18 can each be software
(i.e., processor executable instructions), hardware, or a com-
bination of the two. When the PSPU 16 or the PFEU 18 is, or
includes, software, the software is stored on one or more
program memories and executed by one or more processors.

[0023] A PPG device 20 is positioned proximate to the
patient 14, typically at the patient’s bedside or in a self-
contained device. Further, the PPG device is typically worn
by the patient 14. Further, the PPG device 20 canbe integrated
with the PPG probe 12. The PPG device 20 controls the PPG
probe 12 and receives the signals generated by the PPG probe
12. The PPG device 20 includes the PSPU 16 and typically the
PFEU 18. However, the PFEU 18 can be remote from the PPG
device 20, for example, within a patient monitoring system
(PMS) or data aggregator.

[0024] Using the PSPU 16, the PPG device 20 processes the
signals to generate the PPG signal. Where the PPG device 20
includes the PFEU 18, the PPG device 20 uses the PFEU 18
to process the PPG signal and generate the PPG feature vec-
tors. The PPG feature vectors are then relayed to a PMS 22 as
they are generated using a communication unit 24 of the PPG
device 20. Where the PPG device 20 does not include the
PFEU 18, the PPG device 20 relays the PPG signal to the
PFEU 18 using the communication unit 24. Alternately the
raw PPG signal can be sent to the PMS 22 where the signal
extraction can be accomplished on the reconstruction of the
waveform.

[0025] One or more program memories 26 of the PPG
device 20 store any software of the PSPU 16 and/or the PFEU
18. Further, one or more processors 28 of the PPG device 20
execute the software on the program memories 26. One or
more system buses 30 interconnect the components of the
PPG device 20, such as the processors 28, the program memo-
ries 26 and the communication unit 24.

[0026] As illustrated in FIG. 1, both the PSPU 16 and the
PFEU 18 are software stored on the program memories 26 of
the PPG device 20, where the processors 28 of the PPG device
20 execute the software. As illustrated in FIG. 2, both the
PSPU 16 and the PFEU 18 are software. The PSPU 16 is
stored on the program memories 26 of the PPG device 20,
where the processors 28 of the PPG device 20 execute the
software. Further, the PFEU 18 is stored on one or more
program memories 32 of the PMS 22, where one or more
processors 34 of the PMS 22 execute the software.
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[0027] Anacceleration based respirationand pulse (ABRP)
probe 36 is positioned on or within the patient 14, typically
proximate to the heart (e.g., within the thorax) or the anterior
costal cartilage. Further, the ABRP probe 36 can be integrated
with, positioned on, or positioned proximate to the PPG probe
12. The ABRP probe 36 includes an accelerometer 38. Typi-
cally, the accelerometer 38 is a three-dimensional (3D) or
3-axis accelerometer. However, the accelerometer 38 can
measure acceleration in less than three dimensions. The
accelerometer 38 generates one or more accelerometer sig-
nals indicative of acceleration. Typically, the accelerometer
signals include an accelerometer signal for each dimension of
the accelerometer 38.

[0028] An ABRP signal processing unit (ASPU) 40 pro-
cesses the acceleration signals to generate pulse, respiration,
position and activity signals from the acceleration signals.
Other signals can also be generated from the acceleration
signals, such as a ballistocardiograph (BCG) signal or a heart
rate signal. The position signal indicates changes in position-
ing of the ABRP probe 36 over time, and the activity signal
indicates the activity level of the patient 14. The activity level
can, for example, be determined through analysis of change in
position over a last predetermined period of time. Suitably,
the signals are continuous or intermittent with the periodicity
in concordance with the PPG periodicity.

[0029] Further, an ABRP feature extraction unit (AFEU)
42, for each of the pulse, respiration, position and activity
signals, processes the signal to extract one or more features to
ABRP feature vectors. An ABRP feature vector can be an
ABRP pulse feature vector, an ABRP respiration feature vec-
tor, an ABRP position feature vectors or an ABRP activity
feature vectors depending upon the signal from which the
features were extracted. ABRP pulse feature vectors are cre-
ated together with ABRP respiration feature vectors. Hence,
when an ABRP pulse feature vector is created, an ABRP pulse
feature vector is created for the same time window. Similarly,
ABRP position feature vectors are created together with
ABRP activity feature vectors.

[0030] Features that can be extracted for the pulse signal
include SQI of the pulse signal, pulse references (i.e.,
detected pulse IDs) for a last n pulses (e.g., n=4 or 8), inter
pulse intervals (IPIs) for the pairs of adjacent pulses of the last
npulses, median IPI for the last n pulses, and inop messaging.
A pulse reference for a pulse can, for example, be a master
clock index. Features that can be extracted for the respiration
signal include SQI of the respiration signal, respiration ref-
erences (i.e., detected respiration IDs) for a last n breaths
(e.g., n=4 or 8), inter breath intervals (IBI) for the pairs of
adjacent breaths of the last n breaths, median IBI for the last
n breaths, and inop messaging. A respiration reference for a
breath can, for example, be amaster clock index. Features that
can be extracted for the position signal include position, posi-
tion history (e.g., position over the last predetermined amount
of time), and end user messaging interface. Features that can
be extracted for the activity signal include activity level,
activity level history (e.g., activity over the last predetermined
amount of time), and end user messaging interface. Typically,
all of the above enumerated features for all the signals are
extracted.

[0031] The AFEU 42 only extracts features to an ABRP
feature vector when the SQI of the corresponding signal
exceeds a predetermined threshold. The predetermined
threshold is set at a level where a user of the medical system
deems the signal quality sufficiently high to reliable extract



US 2015/0305684 A1

the features. An ABRP pulse feature vector is created only
when both the SQI for the pulse signal exceeds the corre-
sponding predetermined threshold and the SQI for the respi-
ration signal exceeds the corresponding predetermined
threshold. The same applies to an ABRP respiration feature
vector. Similarly, an ABRP position feature vector is created
only when both the SQI for the position signal exceeds the
corresponding predetermined threshold and the SQI for the
activity signal exceeds the corresponding predetermined
threshold. The same applies to an ABRP activity pulse feature
vector.

[0032] Further, the AFEU 42 typically only extracts fea-
tures from a signal according to a predetermined sampling
rate, such as, for example, 10 milliseconds. The predeter-
mined sampling rate can be set by a user of the medical
system 10 based upon the computational resources (e.g., pro-
cessing power and memory) of the medical system 10 and/or
the granularity of ABRP feature vectors needed to reliably
monitor patients.

[0033] The processing and generation of the ABRP feature
vectors are suitably performed in parallel with, and indepen-
dent of, the processing and generation of the PPG feature
vectors. Further, the ASPU 40 and/or AFEU 42 can each be
software (i.e., processor executable instructions), hardware,
or a combination of the two. When the ASPU 40 or the AFEU
42 is, or includes, software, the software is stored on one or
more program memories and executed by one or more pro-
Cessors.

[0034] An ABRP device 44 is positioned proximate to the
patient 14, typically at the patient’s bedside. Further, the
ABRP device 44 can be integrated with the ABRP probe 36
and/or the PPG device 20. The ABRP device 44 controls the
ABRP probe 36 and receives the acceleration signals gener-
ated by the ABRP probe 36. The ABRP device 44 includes the
ASPU 40 and typically the AFEU 42. However, the ASPU 40
can be remote from the ABRP device 44, for example, within
a PMS.

[0035] Using the ASPU 40, the ABRP device 44 processes
the accelerometer signals to generate the pulse, respiration,
position and activity signals. Where the ABRP device 44
includes the AFEU 42, the ABRP device 44 usesthe AFEU 42
to process the signals and generate the ABRP feature vectors.
The ABRP feature vectors are then relayed to the PMS 22 as
they are generated using a communication unit 46 of the
ABRP device 44. Where the ABRP device 44 does notinclude
the AFEU 42, the ABRP device 44 relays the signals to the
AFEU 18 using the communication unit 46.

[0036] One or more program memories 48 of the ABRP
device 44 store any software ofthe ASPU 40 and/or the AFEU
42. Further, one or more processors 50 of the ABRP device 44
execute the software on the program memories 48. One or
more system buses 52 interconnect the components of the
ABRP device 44, such as the processors 50, the program
memories 48 and the communication unit 46.

[0037] As illustrated in FIG. 1, both the ASPU 40 and the
AFEU 42 are software stored on the program memories 48 of
the ABRP device 44, where the processors 50 of the ABRP
device 44 execute the software. As illustrated in FIG. 2, both
the ASPU 40 and the AFEU 42 are software. The ASPU 40 is
stored on the program memories 48 of the ABRP device 44,
where the processors 50 of the ABRP device 44 execute the
software. Further, the AFEU 42 is stored on the program
memories 32 of the PMS 22, where the processors 34 of the
PMS 22 execute the software.
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[0038] An arthythmia unit 54 of the PMS 22 receives or
generates the PPG feature vectors and the ABRP feature
vectors from the PFEU 18 and the AFEU 42, respectively.
Based on the feature vectors, the arrhythmia unit 54 detects
arrhythmic events, such as Atrial Fibrillation or Flutter
(A-Fib), Ventricular Tachycardia (V-Tach), Ventricular
Fibrillation (V-Fib), and Asystole. The arrhythmia unit 54 can
be software (i.e., processor executable instructions), hard-
ware, or a combination of the two.

[0039] When PPG feature vectors, ABRP pulse feature vec-
tors, and ABRP respiration feature vectors temporally corre-
sponding to the ABRP pulse feature vectors are received, the
arrhythmia unit 54 employs a segment alignment routine to
align the PPG feature vectors with the ABRP feature vectors.
Notably, the ABRP respiration feature vectors and the ABRP
pulse feature vectors are already aligned since these feature
vectors are generated from the same time window or derived
from data collected and transmitted on the same period.
[0040] The segment alignment routine aligns the PPG fea-
ture vectors with the ABRP feature vectors by aligning the
pulses of the PPG feature vectors to the pulses of the ABRP
pulse feature vectors. Alternatively, the ABRP pulse feature
vectors can also be aligned to the PPG feature vectors. How-
ever, this would require the additional action of aligning the
ABRP respiration feature vectors. Hence, for ease of discus-
sion, it is assumed that the PPG feature vectors are aligned to
the ABRP feature vectors.

[0041] One approach for aligning the features vectors is to
employ trend analysis of the IBIs. In such a case, the trend of
the IBIs of the PPG feature vectors are aligned to the trend of
the IBIs of the ABRP pulse feature vectors. If the trends can
be aligned, the pulse references of the PPG feature vectors are
shifted so the pulse references of pulses in the PPG feature
vectors match the pulse references of the corresponding
pulses in the ABRP pulse feature vectors. Other approaches to
aligning the PPG feature vector with the ABRP feature vec-
tors are equally amenable.

[0042] After performing the segment alignment routine, a
determination is made as to whether the PPG feature vectors
are aligned with the ABRP feature vectors. This determina-
tion is typically based on the IBIs and performed in case the
segment alignment routine isn’t able to align the PPG feature
vectors and the ABRP feature vectors. Insofar as this is the
case, the arrhythmia unit 54 waits for additional data. Further,
a user of the medical system 10 can be prompted, using, for
example, a display device 56 of the PMS 22 or a message
initiated by the PMS 22 to the user, to verify the ABRP feature
vectors and PPG feature vectors are from the same patient.
Otherwise, the arrhythmia unit 54 evaluates the ABRP feature
vectors and the PPG feature vector for arrhythmic events.
This includes identifying patterns indicative of arrhythmic
events.

[0043] The onset of A-Fib is detected if the trend of the IPI
goes from regular to persistently irregularly irregular and the
activity level is below a predetermined threshold. The prede-
termined threshold is set by a user of the medical system at
levels deemed sufficiently indicative of the onset of A-Fib.
Similarly, the end of A-Fib is detected if the trend of IPI goes
from irregularly irregular to persistently regular and the activ-
ity level is below the predetermined threshold. Tachyarrhyth-
mia with hemodynamic compromise is detected if the IPI
becomes regular, fast, and persistent AND the activity level is
below the predetermined threshold and PPG signal amplitude
drops.
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[0044] If any of the foregoing events are detected, clini-
cians can be prompted, for example, by way of the display
device 56 to check for the detected event. Further, if any of the
foregoing events are detected and either position indicates a
fall or the activity level acutely decreases in activity, the event
is deemed more severe. In this case, an alert can be provided
to clinicians, for example, by way of the display device 56 or
alternative wireless messaging methods, such as e-mail, text,
short messaging service (SMS), audio, suitable haptic
devices, etc.

[0045] When the PMS 22 includes software, from, for
example, the arrhythmia unit 54, the AFEU 42, or the PFEU
18, the PMS 22 includes one or more program memories 32
storing the software and one or more processors 34 executing
the software. Further, communication with remote devices
and/or systems, such as devices and/or systems including the
PFEU 18 or AFEU 42, is suitably performed over a commu-
nication network using a communication unit 58 of the PMS
22. The components of the PMS 22 are suitably intercon-
nected by way of a system bus 60 and/or a communication
network.

[0046] With reference to FIG. 3, a flow chart 100 illustrates
how the PFEU 18, AFEU 42 and arrhythmia unit 54 coordi-
nate to detect arrhythmic events. The PFEU 18 receives the
PPG signal from, for example, the PSPU 16. Typically, the
PPG signal is continuous. The PFEU 18 determines 102
whether the SQI exceeds a threshold. If the SQI does not
exceed the threshold, the determination 102 is repeated,
optionally after adelay. Ifthe SQI exceeds the threshold, PPG
feature vectors are created 104 from the PPG signal and the
determination 102 is repeated, optionally after a delay.
[0047] The AFEU 42 operates in parallel with, and inde-
pendent of, the PFEU 18 and receives respiration, pulse,
position and activity signals from, for example, the ASPU 40.
Typically, the signals are continuous. The AFEU 42 deter-
mines 106 whether the SQIs of these signals both exceed
corresponding thresholds. If the SQIs do not both exceed
corresponding thresholds, the determination 106 is repeated,
optionally after a delay. If the SQIs both exceed correspond-
ing thresholds, ABRP respiration and pulse feature vectors
are created 108 from the pulse and respiration signals and the
determination 106 is repeated, optionally after a delay.
[0048] Further, after creating ABRP respiration and pulse
feature vectors, the AFEU 42 determines 110 whether the
SQIs of these signals both exceed corresponding thresholds.
If the SQIs do not both exceed corresponding thresholds, the
determination 110 is repeated, optionally after a delay. If the
SQIs both exceed corresponding threshold, ABRP position
and activity feature vectors are created 112 from the position
and activity signals and the determination 110 is repeated,
optionally after a delay.

[0049] The arrhythmia unit 54 receives PPG feature vec-
tors, as well as ABRP respiration and pulse feature vectors,
from the PFEU 18 and the AFEU 42. When it is determined
114 that both PPG feature vectors and ABRP respiration and
pulse feature vectors are available, a segment alignment rou-
tine is performed 116 to attempt to align the PPG feature
vectors to the ABRP respiration and pulse feature vectors, or
vice versa. Otherwise, the determination 114 is repeated after
waiting for new data 118. Suitably, alignment is performed
based on IPIs.

[0050] After performing 116 the segment alignment rou-
tine, a determination 120 is made as to whether the IPIs of the
PPG feature vectors are aligned to the ABRP respiration and
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pulse feature vectors. If not aligned, the determination 114 of
availability is repeated after waiting 118 for new data. If
aligned, the PPG feature vectors and the ABRP respiration,
pulse, position and activity feature vectors are evaluated 122
for patterns of arrhythmia. For example, the onset of A-Fib is
detected if the trend of the IPI goes from regular to persis-
tently irregular AND the activity level is below a predeter-
mined threshold.
[0051] Although memories 26, 32 and 48 are shown as
separate memories for ease of explanation, in some embodi-
ments two or all of these memories are embodied in a single
memory. Similarly, although processors 28, 34, 50 are shown
as separate processors for ease of explanation, in some
embodiments two or all of these processors are embodied in
a single processor. Even more, messages, alerts, and the like
which have been described above can be conveyed to users by
way of display devices or alternative wireless messaging
methods, such as e-mail, text, short messaging service
(SMS), audio, suitable haptic devices, etc.
[0052] As used herein, a memory includes one or more ofa
non-transient computer readable medium; a magnetic disk or
other magnetic storage medium; an optical disk or other opti-
cal storage medium; a random access memory (RAM), read-
only memory (ROM), or other electronic memory device or
chip or set of operatively interconnected chips; an Internet/
Intranet server from which the stored instructions may be
retrieved via the Internet/Intranet or a local area network; or
so forth. Further, as used herein, a processor includes one or
more of a microprocessor, a microcontroller, a graphic pro-
cessing unit (GPU), an application-specific integrated circuit
(ASIC), a field-programmable gate array (FPGA), and the
like; a controller includes: 1) at least one memory with pro-
cessor executable instructions to perform the functionality of
the controller; and 2) at least one processor executing the
processor executable instructions; a user output device
includes a printer, a display device, and the like; and a display
device includes one or more of a liquid crystal display (LCD),
an light-emitting diode (LED) display, a plasma display, a
projection display, a touch screen display, and the like.
[0053] The invention has been described with reference to
the preferred embodiments. Modifications and alterations
may occur to others upon reading and understanding the
preceding detailed description. It is intended that the inven-
tion be constructed as including all such modifications and
alterations insofar as they come within the scope of the
appended claims or the equivalents thereof.
1. A medical system for detecting arrhythmic events, said
system comprising:
at least one processor programmed to:
receive a photoplethysmogram (PPG) signal generated
using a PPG probe positioned on or within a patient;
receive a pulse signal generated using an accelerometer
positioned cm or within the patient;
extract features from the PPG signal to generate feature
vectors;
extract features from the pulse signal to generate pulse
feature vectors;
correlate the PPG feature vectors with the pulse feature
vectors; and
evaluate correlated PPG feature vectors and correlated
pulse feature vectors to detect arrhythmic events;
wherein features extracted from the PPG signal include
inter pulse intervals (IPIs) for pairs of adjacent pulses
of a last predetermined number of pulses; and
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wherein features extracted from the pulse signal include
inter pulse intervals (IPIs) for pairs of adjacent pulses
of a last predetermined number of pulses.

2. (canceled)

3. The medical system according to claim 1, wherein the at
least one processor further programmed to:

receive a respiration signal generated using the accelerom-

eter positioned on or within the patient;

extract features from the respiration signal to generate

respiration feature vectors;

correlate the PPG feature vectors with the respiration fea-

ture vectors; and

evaluate correlated respiration feature vectors to detect

arrhythmic events.

4. The medical system according to claim 3, wherein fea-
tures are extracted front the pulse and respiration signals
when both a signal quality index (SQI) of the pulse signal
exceeds a predetermined threshold and an SQI of the respi-
ration signal exceeds a predetermined threshold.

5. The medical system according to claim 1, wherein cor-
relating the PPG feature vectors with the pulse feature vectors
includes:

aligning inter pulse interval (IP]) trends of the pulse feature

vectors with IPI trends of the PPG feature vectors.

6. The medical system according to claim 1, wherein the at
least one processor is further programmed to:

receive a position signal, and an activity signal, generated

using the accelerometer;

extract features from the position and activity signals to

generate, position feature vectors and activity feature
vectors, respectively, wherein evaluating the correlated
PPG feature vectors and the correlated pulse feature
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vectors to detect the arrhythmic events uses the position
and activity feature vectors.

7. The medical system according to claim 1, wherein fea-
tures are extracted from the PPG signal in parallel with, and
independent of, extraction of features from the pulse signal.

8. The medical system according to claim 1, wherein evalu-
ating the correlated PPG feature vectors and the correlated
pulse feature vectors to detect the arrhythmic events includes
at least one of:

detecting onset of atrial fibrillation or flutter (A-Fib) in

response to inter pulse interval (IPI) trend going from
regular to persistently irregularly irregular and activity
level being below a predetermined threshold,

detecting end of the A-Fib in response to IPI trend going

from irregularly irregular to persistently regular and the
activity level being below the predetermined threshold;
and

detecting tachyarrhythmia with hemodynamic compro-

mise in response to IPI becoming regular, fast, and pet-
sistent and the activity level being below the predeter-
mined threshold and PPG signal amplitude dropping.

9. The medical system according to claim 1, further includ-
ing

a photoplethysmogram (PPG) device generating the PPG

signal using the PPG probe positioned on or within the
patient; and

an accelerometer based respiration and pulse (ABRP)

device generating the pulse signal using the accelerom-
eter positioned on or within the patient.

10-20. (canceled)
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