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(57) ABSTRACT

A method of prioritizing arrhythmia alarms based on one
patient’s perfusion level includes receiving arterial blood
pressure, electrocardiogram heart rate, and arterial pulse rate
values of the one patient during a same time window. Anal-
ysing the set of blood pressure values to determine if an
arrhythmia event is indicated, where if an arrhythmia event is
indicated, the method includes calculating a systolic blood
pressure (SBP) ratio, comparing the SBP ratio to a first pre-
determined threshold, and if the SBP ratio is less than or equal
to the first predetermined threshold, then activating a non-
perfusion alarm. If the SBP ratio is greater than the first
predetermined threshold, then calculating a standard devia-
tion of a rate differential between the heart rate and the pulse
rate values, and if the standard deviation is greater than a
second predetermined threshold, then activating the non-per-
fusion alarm. A system and non-transitory computer media is
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SYSTEM AND METHOD FOR
PERFUSION-BASED ARRHYTHMIA ALARM
EVALUATION

BACKGROUND

[0001] To manage cardiac disorders and irregularities it is
useful to identify and characterize a patient’s cardiac arrhyth-
mia episodes. Conventionally, electrocardiogram (ECG) and
intra-cardiac electrogram signals can be analyzed to detect
and diagnose arrhythmia events. Conventional systems for
cardiac arrhythmia identification and analysis utilize ECG
data only and do not take into account hemodynamic changes
that are in general considered by the clinical expert to access
the patient state and determine whether there is a need for
action (such as medication and catheter ablation) to reverse
the adverse condition.

[0002] Early recognition of arrhythmias is an important
contributor to manage cardiac disorders and irregularities.
Currently cardiac arrhythmia monitoring and identification is
based on waveform shapes and analysis of time domain
parameters (e.g., P wave, QRS complex, ST segment, T wave,
etc.). Proper arrhythmia identification and treatment using
such conventional systems still require a systemic approach
that incorporates vital signs such as arterial blood pressure,
patient medical history including medications and surgeries,
and demographics.

[0003] Other conventional systems also interpret electro-
physiological signals using mathematical analysis (e.g., fre-
quency analysis, symbolic complexity analysis and nonlinear
entropy evaluation). Other existing approaches analyze sig-
nal characteristics (e.g., waveform amplitude, power spec-
trum, etc.), but might not be able to discern small changes in
a portion of the cardiac cycle.

[0004] Prior methods to identify arrhythmia events can be
based on hard-coded thresholds obtained by an understanding
of the physiological system. These thresholds are from a
limited group of patients. Threshold-based methods are
widely adopted in industry due to ease of implementation on
the bed-side. However, the threshold-based methods generate
alot of false alarms that may cause an unnecessary burden on
nurses and clinicians result in alarm fatigue. Even when
arrhythmia events are correctly identified, the impact of these
events on the ability of the heart to properly perfuse the tissues
in the body is not ubiquitously monitored.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 depicts a system in accordance with some
embodiments;

[0006] FIG. 2 depicts a data table in accordance with some
embodiments;

[0007] FIG. 3A depicts a plot of systolic blood pressure
over time;

[0008] FIG. 3B depicts plots of heart and pulse rate mea-

surements over time; and
[0009] FIG. 4 depicts a process flow diagram in accordance
with some embodiments.

DETAILED DESCRIPTION

[0010] Systems and method in accordance with embodi-
ments evaluate arrhythmia alarms based on a perfusion level
calculated from multiple parameters (e.g., ECG, blood pres-
sure, oXygen saturation, etc.) collected from multiple sources
including, but not limited to, patient monitors, electronic
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medical records, and/or manual clinical annotations in an
acute or intensive care environment. By evaluating arrhyth-
mia alarms based on perfusion level, the alarms can be pri-
oritized so that clinicians can focus on the actionable events
that require a life-support device or surgery and reduce false
alarms to improve confidence in the patient monitors. In one
implementation, the evaluation of arrhythmia alarms can
include a four layer approach.

[0011] In accordance with embodiments, the first layer
includes an assessment of the signal quality detected for each
parameter to be utilized in determining the patient’s perfusion
level. In one implementation, the signal quality can be an
indicator between 0 and 1. If the signal quality for each
parameter is above an acceptable level, then the signals are
passed to the second layer of the approach.

[0012] For example, the quality of an ECG signal can be
assessed by looking at spectral energy distribution, higher
order moments and inter-channel/inter-algorithm agreement.
One approach can use an inverse Dower transform to identify
time-frequency features of the ECG signal. Another approach
for signal assessment can identify baseline drift, flat line,
QRS-artifact, spurious spikes, amplitude step changes, and
other noise using single-condition decision rules for classi-
fying thresholds. The ECG signal can be assessed, in general,
by examining four sources of quality loss—e.g., missing sig-
nal or reduced energy of the QRS; presence of high amplitude
and steep artifacts: baseline drift; power line interference; and
high-frequency and electromyographic noise.

[0013] Assessment of an arterial blood pressure signal
quality can require an adaptive filtering approach that
accounts for artifact types. One approach determines a signal
quality index (SQI) based on a combination of two signal
quality measures weighted together. One index measures
morphological normality, and the other degradation due to
noise. These artifact types can have differing effects on sys-
tolic, diastolic and mean ABP estimates. However, for most
artifact types, diastolic ABP estimates are less noise-sensitive
than mean ABP estimates, which in turn are more robust than
systolic ABP estimates. The SQI can provide error bounds for
both HR and ABP estimates, even in the presence of high
levels of persistent noise and artifact, and during extreme
bradycardia and tachycardia. Differences in error between
artifact types, measurement sensors and the quality of the
source signal can be factored into physiological estimation
using an unbiased adaptive filter, signal innovation and signal
quality measures.

[0014] In the second layer, a multitude of trends are
extracted from the good quality signals. The trends can
describe one or more properties of the good quality waveform
signals. One of the most commonly utilized trends is the heart
rate from an ECG signal. One of the unique trends is to
calculate a pulse rate from arterial blood pressure (ABP)
signal that describes the mechanical functioning of the heart
as a pump.

[0015] Inconventional monitoring, heart rate from an ECG
signal is utilized since it is more robust. However, discrepan-
cies between heart rate measurements from ECG and pulse
rate from ABP monitors can indicate a loss in synchrony of
electrical signals that trigger the heart muscles to contract
and/or relax and the mechanical pumping activity of the heart
to provide blood to the aorta and the rest of the vascular
system in the body.

[0016] Inthe third layer, statistical and temporal properties
of trends are utilized to build features that differentiate
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arrhythmias based on their perfusion level. The differential
can be classified as, for example, low, medium, and high
perfusion levels.

[0017] In the fourth layer, a model for perfusion level is
generated from the training data utilizing a classification tree
approach that ranks the various statistical and temporal fea-
tures in their statistical significance based on the training data.
In one implementation, the training data is dynamic. The
training data can begin with an initial data set of historical
data, and the perfusion level model can be updated and
adapted when/if new training data becomes available from
patient monitors, electronic medical records, and/or manual
clinical annotations.

[0018] In accordance with embodiments, the evaluation of
arrhythmia alarms can be based on the hemodynamic changes
observed in the ABP waveform which may be characterized
as asynchrony between the electrical heart muscle pulsations,
the mechanical pumping capability of the heart, a drop in
systolic blood pressure before, during, and after the occur-
rence of pacing-induced arrhythmia. For example, the higher
the asynchrony and the drop in systolic blood pressure, the
lower the patient’s perfusion level, hence, the higher the
possibility that the arrhythmia is life-threatening. In addition
to asynchrony and drop in the systolic blood pressure, statis-
tical and temporal measures of the ECG and ABP morpholo-
gies (e.g., mean and standard deviation of systolic and dias-
tolic pressures, pulse pressures, duration and frequency of the
arrhythmias, etc.) can also be utilized to assess the criticality
and/or severity of the degree in perfusion and the patient’s
ability to withstand disturbances in the electrical and pump-
ing activity of the heart when an arrhythmia occurs.

[0019] FIG. 1 depicts distributed computer system 100 for
prioritizing arrhythmia alarms in accordance with an embodi-
ment. System 100 includes server 110, electronic communi-
cation network 120, clinician terminal 130, electronic medi-
cal record (EMR) server 140, database 150, and patient
monitors 160. Dedicated hardware, software modules, firm-
ware, and/or a combination thereof can be used to implement
components of system 100.

[0020] Server 110 can include control processor 112 and
operating instructions 114. Control processor 112 can be a
processing unit, a field programmable gate array, discrete
analog circuitry, digital circuitry, an application specific inte-
grated circuit, a digital signal processor, a reduced instruction
set computer processor, etc. The control processor may
access operating instructions 114, which can be a computer
application program stored in internal memory, or stored in
external memory, coupled to the control processor. The com-
puter program application may include program code or
executable program instructions that when executed may
instruct and/or cause control processor 112 to perform meth-
ods described herein. Server 110 may include internal
memory (not shown) connected to control unit 112. Internal
memory represents both volatile and non-volatile memory
devices. Non-volatile external memory may be connected to
control unit 112 via an input/output (I/O) port (not shown).
The non-volatile memory can be any mass storage memory
technology (e.g., flash drives, hard disk drives, optical disc
drives, magneto-optical disc drives, holographic, bubble,
etc.)

[0021] Server 110 can interconnect and communicate with
other components of system 100 via electronic communica-
tion network 120. In an embodiment, server 110 can be
located remotely, for example as a remote server. Electronic
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communication network 120 can be, can comprise or can be
part of, a private internet protocol (IP) network, the Internet,
an integrated services digital network (ISDN), frame relay
connections, a modem connected to a phone line, a public
switched telephone network (PSTN), a public or private data
network, a local area network (LAN), a metropolitan area
network (MAN), a wide area network (WAN), a wireline or
wireless network, a local, regional, or global communication
network, a virtual private network, an enterprise intranet, any
combination of the preceding and/or any other suitable elec-
tronic communication network. It should be recognized that
techniques and systems disclosed herein are not limited by
the nature of network 120.

[0022] Clinician terminal 130 canbe any type of computing
device suitable for use by an end user (e.g., a personal com-
puter, a workstation, a thin client, a netbook, a notebook,
tablet computer, smart phone, handheld computing device,
etc.). System 100 can support operation of multiple clinician
terminals across network 120.

[0023] The clinician terminal can include control processor
132 and operating instructions 134. Clinician terminal 130
can include a dynamic, interactive user interface that is pre-
sented on display 138.

[0024] Electronic medical records (EMR) server 140 can
be located remotely from other components of system 100.
EMR server 140 can be in communication with database 150
directly (e.g., via alocal connection), and/or across electronic
communication network 120.

[0025] Database 150 can be any physical memory system
for storing data. These physical memory systems may com-
prise a portion, an entirety, or several, of any type of non-
volatile mass storage memory technology (e.g., hard disk
drives, optical disc drives, magneto-optical disc drives, holo-
graphic memory, bubble memory, etc.).

[0026] Database 150 can include population data table 152.
FIG. 2 depicts the contents of population data table 152 in
accordance with an embodiment. This depiction of the data
table is for discussion only, it should be recognized that the
organization of data in the data table can be varied (e.g., flat
data table, multi-dimensional, etc.).

[0027] Population data table 152 can include patient iden-
tification column 153. Patient identification column 153 con-
tains string data with patient identifying information (e.g.,
name, patient number, etc.). This column contains identifying
information for each arrhythmia event (i.e., by arrhythmia id)
that is logged for that patient. By way of example, there are
two patients identified in column 153 (patient1 and patient2).
Patient1 has experienced two arrhythmia events (arrhythmial
and arrhythmia2), while patient 2 has experienced only one
arrhythmia event.

[0028] Systolic Blood Pressure (SBP) ratio column 154
includes numeric data. The SBP ratio is the ratio of the delta
systolic blood pressure and the systolic blood pressure prior
to an event, where the event is an arrhythmia episode, and the
delta is the difference between the maximum and minimum
SBP during the event.

[0029] Standard Deviation column 155 includes numeric
data representing the standard deviation of the heart rate
differential between a mechanically measured pulse rate
(measured from arterial blood pressure (ABPHR)) and an
electrically measured heart rate (obtained from an ECG
(ECGHR)). Annotation column 156 includes string data rep-
resenting information from a clinician and/or from an EMR
dataset whether the alarm is true or false. The annotation
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column is later used for supervised learning of models to
correctly determine perfusion and/or evaluation of arrhyth-
mia within clinical context. For instance, the anecdotal infor-
mation can be a “1” or “0”, or a “T” or “F” to indicate
anecdotally whether the particular episode for this patient
was, or was not, a non-perfusion event.

[0030] FIG. 3(A) depicts a representative plot of SBP over
time for a mammalian patient. An arrhythmia can occur dur-
ing event 300. Prior to the occurrence of event 300, the SBP is
at a first level 320. During the event, the patient’s SBP can
decrease from the first level that is present prior to the event.
The SBP difference magnitude 330 between first level 320
and SBP event minimum level 335 is one term in calculating
SBP ratio 154 for this event. The other term in the ratio is SBP
first level 320.

[0031] FIG. 3(B) depicts a representative plot of heart and
pulse rate measurements over time for an adult human
patient. FIGS. 3(A) and 3(B) are aligned in time, so that heart
rate measurements 340, 350, 360 are measured during event
300. Heart rate measurement 340 is representative of an elec-
trically measured heart rate from an ECG. Pulse rate mea-
surement 350 is representative of mechanically measured
arterial blood pressure (ABP).

[0032] In accordance with an implementation, a plethys-
mogram (i.e., a pulse oximeter) is a measure of changes in
blood volume. The plethysmogram signal, like the ABP sig-
nal, is pulsatile and can be used to determine the mechanical
pulse rate. Changes in the plethysmogram amplitude can be
used to assess changes in perfusion during an arrhythmia.
Changes in the oxygen saturation value derived from the
plethsymogram could also be used to assess changes in per-
fusion (if the oxygen saturation is not filtered).

[0033] As depicted in FIG. 3B, during event 300 ECG plot
340 and the ABP plot 350 both increase. The synchronicity
between the electrical measurement and the mechanical mea-
surement indicate that the heart is responding to the electrical
nerve impulses commanding the beat. This synchronicity is
an indication that the patient is likely perfused, and that the
arrhythmia event could be classified as less critical.

[0034] However, ABP plot 360 illustrates a pulse rate that
decreases during event 300, and is not synchronous with ECG
plot 340. This asynchronous behavior between the electrical
nerve impulses and the arterial pulse rate is an indication that
the heart muscles and/or systemic arteries are not responding
to the electrical commands, and that the patient can be non-
perfused. These asynchronous readings are an indication that
the arrhythmia event could be classified as more critical
depending on its level (i.e., in general, it is known and
expected that pacing-induced tachycardia is associated with
hemodynamic alterations because of the limited duration of
diastole).

[0035] FIG. 4 depicts a flow diagram of process 400 for
evaluating arrhythmia alarms based on asynchrony between
the ECG-measured heart rate and the ABP-measured pulse
rate inaccordance with some embodiments. Process 400 is an
embodiment of a model generated by a Machine Learning
algorithm trained on the above mentioned dynamic training
data with clinical annotations of level of hemodynamic
impact associated with a pacing-induced arrhythmia. For
example, the alarm evaluation can be used to prioritize the
criticality and/or severity of the patient’s condition. The
patient’s arterial blood pressure values are received in a
memory, step410. Values of both a heart rate determined from
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the ECG signal and a pulse rate determined from a blood
pressure or blood volume signal are also received in a
memory, step 420.

[0036] The arterial blood pressure signal is analyzed to
determine if there is an ongoing (or was) clinically-actionable
arrhythmia event, step 425. The determination is made based
on whether there is a drop in the arterial blood pressure during
the event. If there was not a clinically-relevant arrhythmia
event, process 400 returns to step 410.

[0037] Ifa determination is made that there is a clinically-
relevant arrhythmia event (step 425), process 400 continues
to step 430. A systolic blood pressure ratio based on the
measured samples stored in memory is calculated at step 430.
The SBP ratio is the ratio of the systolic blood pressure 320
(FIG. 3) prior to an event and the delta systolic blood pressure
320 (FIG. 3). In accordance with some embodiments, a sys-
tolic ratio can also be computed from the amplitude of the
plethysmogram.

[0038] If the SBP ratio is less than or equal to a first pre-
determined threshold value, step 440, than the patient can be
considered non-perfused. An alarm should sound for this
arthythmia event. The severity of the alarm (e.g., low,
medium, and high) can be determined from the model gener-
ated by the Machine Learning algorithm that utilizes features
extracted from statistical and temporal trends based on data
stored in the population data table and/or EMR sources. In
addition to asynchrony, statistical and temporal measures
(e.g., mean and standard deviation of systolic and diastolic
pressures, pulse pressures, duration and frequency of the
arrhythmias, etc.) can also be utilized to assess the criticality
and/or severity of the non-perfusion and the patient’s ability
to withstand disturbances in the electrical and pumping activ-
ity of the heart when an arrhythmia occurs.

[0039] If the SBP ratio is greater than the first pre-deter-
mined threshold, than process 400 continues to step 450. A
standard deviation of the heart rate differential between
ABPHR and ECGHR is calculated at step 450. At step 460,
this standard deviation is compared to a second pre-deter-
mined threshold. If the standard deviation is less than or equal
to the second pre-determined threshold value, than the patient
can be considered perfused. If the standard deviation is
greater than the second pre-determined threshold, than the
patient can be considered non-perfused. An alarm should
sound for this arrhythmia event. The severity of the alarm
(e.g., low, medium, and high) can be determined from statis-
tical and temporal trends based on data stored in the popula-
tion data table and/or EMR sources. In addition to asyn-
chrony, statistical and temporal measures (e.g., mean and
standard deviation of systolic and diastolic pressures, pulse
pressures, duration and frequency of the arrhythmias, ete.)
can also be utilized to assess the criticality and/or severity of
the non-perfusion and the patient’s ability to withstand dis-
turbances in the electrical and pumping activity of the heart
when an arrhythmia occurs.

[0040] Although based on different data sets (i.e., sampling
of blood pressure and heart rate), both the first pre-determined
threshold and the second pre-determined threshold are based
on data extracted from signals assessed to have good quality.
The thresholds can be determined by analyzing statistical and
temporal trends based on data stored in the population data
table 152 (FIG. 1) and/or EMR sources. System 100 for
evaluating arrhythmia alarms can include operating instruc-
tions in the form of executable program code, or instruction,
that cause a control processor to execute program instructions
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for an algorithm generated by a supervisory machine learning
technique using the training set and cross-validating on the
test set from the data stored in the population data table. This
process generated by the supervisory machine learning tech-
nique can be dynamic, in that the process can determine
updated thresholds as the data available is expanded. The
thresholds can be updated at regular intervals, by command
received from a user, and/or even continually.

[0041] The supervisory learning algorithm can analyze the
dataset to determine pattern classification and clustering of
population samples so that the hemodynamic impact of a
patient’s asynchronous ECGHR and ABPHR during an
arrhythmia event can be more accurately predicted.

[0042] To determine pattern classification, in accordance
with some embodiments, each instance (i.e., a row in data
table 152 (FIG. 2)) can be assigned to one of a pre-defined
class—for example, low, medium, or high impact. Several
supervisory learning based classification methods have been
explored—Conditional Inference Trees, Support Vector
Machines, and Random Forests.

[0043] Random Forests is a Machine Learning method that
can learn an ensemble of trees for a given classification or
regression problem. This algorithm can include two layers of
randomization on top of the Classification and Regression
Tree (CART) at its core: The training examples used to learn
each tree are randomly selected using a bootstrap sample of
the whole training set. At each node, the set of features evalu-
ated to make further splits is randomly chosen from the set of
all available features. The prediction of the “forest” is com-
puted by aggregating prediction of each tree in the
ensemble—i.e., the majority vote in Classification setting, or
the mean of predicted value in regression setting.

[0044] Conditional Inference (CI) Tree is a Machine Learn-
ing method that learns a classifierin the form of'a Binary Tree.
The CI Tree, like most tree based methods, recursively parti-
tions the feature space to make each sub-space as pure (single
class) as possible. The CI Tree method need not require tree
pruning. The other tree based methods first learn a tree with
exhaustive search and then “prune” the tree in a post-hoc
manner in order to reduce (ideally eliminate) over fitting. The
CI Tree method leverages early-stopping criteria based on a
permutation test, which does not make any assumption about
the distribution of the data. The conditional inference frame-
work allows splitting on categorical features in an un-biased
manner. Most other tree based methods have a bias towards
splitting on continuous features, or on features with many
possible values.

[0045] Clustering algorithms discover groups of similar
instances, instead of requiring a pre-defined classification.
Clustering can be relevant when the training set instances do
not have pre-defined class labels assigned to them. Several
clustering techniques have been explored—e.g., Principal
Component Analysis (PCA), Quality-Threshold Clustering.
Clustering methods could be applicable in this context such as
Random Forests (mentioned above), and Adaptive Reso-
nance Clustering.

[0046] Inaccordance with some embodiments, a computer
program application stored in non-volatile memory or com-
puter-readable medium (e.g., register memory, processor
cache, RAM, ROM, hard drive, flash memory, CD ROM,
magnetic media, etc.) may include code or executable instruc-
tions that when executed may instruct and/or cause a control-
ler or processor to perform methods discussed herein such as
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amethod for evaluation of arrhythmia alarms based on asyn-
chrony between ECGHR and ABPHR as described above.
[0047] The computer-readable medium may be a non-tran-
sitory computer-readable media including all forms and types
of memory and all computer-readable media except for a
transitory, propagating signal. In one implementation, the
non-volatile memory or computer-readable medium may be
external memory.

[0048] Although specific hardware and methods have been
described herein, note that any number of other configura-
tions may be provided in accordance with embodiments of the
invention. Thus, while there have been shown, described, and
pointed out fundamental novel features of the invention, it
will be understood that various omissions, substitutions, and
changes in the form and details of the illustrated embodi-
ments, and in their operation, may be made by those skilled in
the art without departing from the spirit and scope of the
invention. Substitutions of elements from one embodiment to
another are also fully intended and contemplated. The inven-
tion is defined solely with regard to the claims appended
hereto, and equivalents of the recitations therein.

1. A method of evaluating arrhythmia alarms based on one
patient’s perfusion level, the method comprising:

receiving a set of pulsatile cardiovascular signals and a set

of electrocardiogram signals obtained from the one
patient during a same time window;

analyzing the set of electrocardiogram signals to determine

if an arrhythmia event is indicated,

if an arrhythmia event is indicated, the method including:

analyzing the cardiovascular signal to determine a pulse
rate;

calculating a systolic ratio;

comparing the systolic ratio to a first predetermined
threshold;

if the systolic ratio is less than or equal to the first
predetermined threshold, then activating a non-perfu-
sion alarm;

if the SBP ratio is greater than the first predetermined
threshold, then calculating a standard deviation of a
rate differential between the heart rate and the pulse
rate values; and

if the standard deviation is greater than a second prede-
termined threshold, then activating the non-perfusion
alarm.

2. The method of claim 1, including assessing a signal
quality of one or more signals providing the pulsatile cardio-
vascular signals and the electrocardiogram signals.

3. The method of claim 1, wherein the determination of a
non-perfusion indication is based on whether a drop in arte-
rial blood pressure occurred during the time window.

4. The method of claim 1, wherein the calculated systolic
ratio is aratio between a systolic prior to the arrhythmia event
and a delta systolic ratio.

5. The method of claim 4, wherein the delta systolic ratio is
a difference between a maximum and a minimum systolic
ratio during the arrhythmia event.

6. The method of claim 1, including classifying a severity
of the non-perfusion alarm.

7. The method of claim 6, including determining the sever-
ity based on data stored in a population data table.

8. The method of claim 7, the severity determining step
including identifying statistical and temporal trends in the
data of the population data table.
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9. The method of claim 1, including:

detecting an asynchrony between the heart rate and the

pulse rate values; and

classifying the severity based on a magnitude of the

detected asynchrony.

10. A non-transitory computer readable medium having
stored thereon instructions which when executed by a proces-
sor cause the processor to perform a method of evaluating
arrhythmia alarms based on one patient’s perfusion level, the
method comprising:

receiving a set of pulsatile cardiovascular signals and a set

of electrocardiogram signals obtained from the one
patient during a same time window;

analyzing the set of electrocardiogram signals to determine

a heart rate and to determine if an arrhythmia event is
indicated;

if an arrhythmia event is indicated, the method including:

analyzing the cardiovascular signal to determine a pulse
rate;

calculating a systolic ratio;

comparing the systolic ratio to a first predetermined
threshold;

if the systolic ratio is less than or equal to the first
predetermined threshold, then activating a non-perfu-
sion alarm;

if the systolic ratio is greater than the first predetermined
threshold, then calculating a standard deviation of a
rate differential between the heart rate and the pulse
rate values; and

if the standard deviation is greater than a second prede-
termined threshold, then activating the non-perfusion
alarm.

11. The non-transitory computer readable medium of claim
10, further including executable instructions to cause a pro-
cessor to perform the step of assessing a signal quality of one
or more signals providing the pulsatile cardiovascular signals
and the electrocardiogram signals.

12. The non-transitory computer readable medium ofclaim
10, further including executable instructions to cause a pro-
cessor to perform the step of classifying a severity of the
non-perfusion alarm based on data stored in a population data
table.

13. The non-transitory computer readable medium of claim
12, further including executable instructions to cause a pro-
cessor to perform the step of identifying statistical and tem-
poral trends in the data of the population data table.

14. The non-transitory computer readable medium of claim
10, further including executable instructions to cause a pro-
cessor to perform the steps of:

detecting an asynchrony between the heart rate and the

pulse rate values; and

classifying the severity based on a magnitude of the

detected asynchrony.

15. A system of evaluating arrhythmia alarms based on one
patient’s perfusion level comprising:

a server;

an electronic communication network connected to the

server;

Aug. 27,2015

aclinician terminal, the clinician terminal connected to the
electronic communication network;
a database having a population data table, the database
connected to the electronic communication network,
wherein the server, the clinician terminal, and the data-
base are in communication across the electronic com-
munication network;
one or more patient monitors connected to the electronic
communication network, the patient monitors config-
ured to provide monitored information on at least a
pulsatile cardiovascular signal and an electrocardiogram
signal to at least one of the server, clinician terminal, and
the database; and
computer executable instructions which when executed by
a processor cause the processor to:
analyze a set of electrocardiogram signals to determine
if an arrhythmia event is indicated:;

if an arrhythmia event is indicated, the computer execut-
able instructions cause the processor to:

analyze the cardiovascular signal to determine a pulse
rate;

calculate a systolic ratio;

compare the systolic ratio to a first predetermined
threshold;

if the systolic ratio is less than or equal to the first
predetermined threshold, then activate a non-perfu-
sion alarm;

if the systolic ratio is greater than the first predetermined
threshold, then calculate a standard deviation of a rate
differential between the heart rate and the pulse rate
values; and

if the standard deviation is greater than a second prede-
termined threshold, then activate the non-perfusion
alarm;

16. The system of claim 15, the computer executable
instructions cause the processor to assess a signal quality of
one or more signals providing the pulsatile cardiovascular
signals and the electrocardiogram signals.

17. The system of claim 15, the computer executable
instructions cause the processor to classify a severity of the
non-perfusion alarm based on data stored in a population data
table.

18. The system of claim 17, the computer executable
instructions cause the processor to identifying statistical and
temporal trends in the data of the population data table.

19. The system of claim 15, the computer executable
instructions cause the processor to, further including execut-
able instructions to cause a processor to perform the steps of:

detect an asynchrony between the heart rate and the pulse
rate values; and

classify the severity based on a magnitude of the detected
asynchrony.

20. The system of claim 15 including an electronic medical
record server in communication with the database by at least
one of across the electronic communication network and a
local connection.



patsnap

TRBR(F) ATETEINODERARERITENRENS

[F(2E)F US20150238151A1 [ (r&)B 2015-08-27
RiES US14/189237 RiEHR 2014-02-25
FRIFE(FRR)AE) BRBSANHE

BRiE (TR A(F) BRESAHE

HERBEANAEF) BABRRLH

[ﬁ\]?{i‘ﬁﬂk SITZMAN DAVID ALAN
FRIEDMAN BRUCE ARNOLD
GENC SAHIKA
DESAI KALPIT VIKRAMBHAI
LEXA MICHAEL ANTHONY
MATTHEWS BRETT
B A SITZMAN, DAVID ALAN
FRIEDMAN, BRUCE ARNOLD
GENC, SAHIKA
DESAI, KALPIT VIKRAMBHAI
LEXA, MICHAEL ANTHONY
MATTHEWS, BRETT
IPCH %S A61B5/00 A61B5/024 A61B5/0452
CPCH k5 A61B5/746 A61B5/02405 A61B5/0452 A61B5/021 A61B5/0464 A61B5/14542 A61B5/7221
H b4 FF 32k US9572538
SAEBEE Espacenet USPTO
HE(E) EECH
BT — MR W DR B B R T4k A R 0 T  dE E
B — B 18 B8 O B9 ) — A BB BB | 0 SR O RIS BB R
Eo ﬁ*ﬁﬁ?ﬂﬂﬂﬁﬁuiﬁi%%‘?‘a‘ﬁx/&\fi%%“?# ’ ﬁEFﬂD%?E’ZT'\II:,\& c;\imcia%erminm Ta0
SEEM | XA EEETERAEE (SBP ) th® | I¥SBPHEREE — Eleciron’s Mea
FERE#THE , URSBPLHENFHEFE—FTERE , RAFHE Gonirol Processor
RTER. WRSBPLEAFE—MERE , Wit ELORMPEERE T
CHERRZWFARE  FENBEREAT S -MEHE , WK

TEIFEEIRE . ERM T REMEZ T EHRE,

138
Display

Databasel150

Fopulation Data

152

Tablz

AL

Palienl Monitors 160

162
ECG

164

Blood Pressuro

1668
Oxygen Saturation



https://share-analytics.zhihuiya.com/view/a796c1a0-71e1-40bc-883a-b4a08a549403
https://worldwide.espacenet.com/patent/search/family/053881100/publication/US2015238151A1?q=US2015238151A1
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=%2220150238151%22.PGNR.&OS=DN/20150238151&RS=DN/20150238151

