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ABSTRACT

Introduction. Existing standards of heart rate variability (HRV) technology limit its use to sinus rhythm. A tiny low variety of
extrasystoles is allowed if the device used has special procedures for the detection and replacement of attitude complexes.
However, it's necessary to expand the indicated limits of the pertinency of the HRV technology. This especially regards the cases
once the HRV technology appearance is promising within the medicine, as, parenthetically, in arrhythmia and chamber flutter
Materials and Methods. All electrocardiogram measurements were performed on XAI-MEDICA® instrumentality and software
package. The process of the obtained RR Series was disbursed mistreatment the software package Kubios® HRV normal. All
counselled HRV characteristics for Time-Domain, Frequency-Domain, and nonlinear were calculated.

The purpose of the work. The article presents an artificial intelligence (Al) procedure for detecting episodes of arrhythmias and
reconstruction of core patient's rhythm and demonstrates the effectivity of its use for the HRV analysis in patients with variable

degrees of arrhythmias.

The results of the study. It absolutely was shown the potency of developed artificial intelligence procedures for HRV analysis of
patients with totally different levels of arrhythmias. These were incontestable for Time-Domain, Frequency-Domain, and
nonlinear strategies. The direct inclusion into a review of heart condition Episodes and also the use of the initial RR Series ends
up in a major distortion of the results of the HRV analysis for the complete set of strategies and for all thought of choices for

arrhythmia.

Conclusion. High effectivity of operation of the procedure Al core rhythm extraction from initial RR Series for patients with

arrhythmia was rumoured cases altogether.
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. INTRODUCTION
The study of heart rate variability (HRV) relies on mensuration
(time) intervals between R-peaks (of RR-intervals) of associate
degree electrocardiogram (ECG) and plotting a rhythmogram
on their basis with its ensuant analysis by numerous
mathematical strategies that are classified as Time-Domain,
Frequency-Domain and nonlinear [1, 2]. Existing standards of
HRYV technology limit its use to sinus rhythm [1]. A little low
(up to three per minute) variety of extrasystoles are allowed, if
the device used has special procedures for the detection and
replacement of posture complexes [2]. However, it's necessary
to expand the indicated limits of the pertinency of the HRV
technology. This mainly regards the cases once the HRV
technology appearance is promising within the medicine, as,
for example, in fibrillation and chamber flutter (AF) [2].
Associate degree chamber flutter is that the most typical
cardiac arrhythmia, the event of that is associated with
arrhythmogenic myocardiopathy, disorders of the pumping
performance of the center, the incidence and/or progression of
heart disease, stroke, and different complications. At constant
time, the mortality with chamber flutter is two times on top of
with sinus rhythm. Thus, the aim of this work is presentation
and demonstration of the capabilities of an efficient procedure
supported Al (Al) for detective work cardiac arrhythmia
episodes and reconstruction of core patient's rhythm with the
following application of healthy strategies for HRV analysis.
The latest agitation of Al (Al)-enabled cardiograph (ECG)
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employing a convolutional neural network to sight the
electrocardiographic signature of fibrillation present throughout
traditional sinus rhythm exploitation normal 10-second, 12-lead
ECGs was given within the Lancet [3].

Il. MATERIALS AND METHODS

All EKG measurements were performed on XAl-
MEDICA® instrumentation victimization CardioLabCS® and
CardioSensCS® computer code. The EKG signal was detected
with a rate of one kHz. Process- ing of the obtained RR Series
was disbursed victimization the computer code Kubios® HRV
normal (ver.3.x) by «Kubios Oy.» All recommended HRV
characteristics for Time-Domain, Frequency-Domain, and
nonlinear were calculated. However, the article presents the
foremost characteristic ones: Stress Index (SI) for Time-
Domain; Total Power (TP) for Frequency-Domain; Sample
Entropy (SampEn) for nonlinear.

Since 1950, once Alan Mathison Turing outlined computer
science (Al) as laptop ability to attain human-level
performance in psychological feature tasks [4], researchers
have explored the potential applications of Al in each field of
drugs [5, 6, 7]. Recently computer science techniques have
sent large waves across tending, even fuelling a vigorous
discussion of whether or not Al doctors can eventually replace
human physicians within the future [8]. Specifically, within
the designation stage, a considerable proportion of the Al
literature analyses knowledge from designation imaging
(57%), genetic testing (22%), electrodiagnosis (18%), et al.
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(3%) [8]. Despite the progressively wealthy Al literature
intending, the analysis in the main concentrates around a
number of illness types: cancer (48%), systema nervosum
illness (32%), disorder (19%), et al. (11%) [8]. The primary 3
diseases are leading causes of death so, early diagnoses are
crucial to forestall the deterioration of patients' health
standing, and early diagnoses are often doubtless achieved
through rising the analysis procedures on imaging, genetic,
elicited potentials (EP) or electronic medical records (EMR),
that is that the strength of the Al system [8].

Medical Al applications in the main constitute 2 major
classes [8]: the primary one includes machine learning (ML)
techniques that analyze structured knowledge adore imaging,
genetic and EP knowledge for conceiving to cluster patients'
traits or infer the likelihood of the illness outcomes [9]; the
second class includes natural language process (NLP) ways
that extract info from unstructured knowledge adore clinical
notes/medical journals to supplement and enrich structured
medical data. The information processing procedures target
turning texts to machine-readable structured knowledge, which
might then be analyzed by metric capacity unit techniques
[10]. Counting on whether or not to include the outcomes,
metric capacity unit algorithms are often divided into 2 major
categories: unattended learning and supervised learn- ing.
Unattended learning is standard for feature extraction, whereas
supervised learning is appropriate for prognostic modeling via
building some relationships between the patient traits (as
input) and also the outcome of interest (as output) [8].

Clustering and principal part analysis (PCA) are 2 major
unattended learning ways. Agglomeration teams subjects with
similar attributes along into clusters, while not victimization
the end result from info. On the opposite hand, supervised
learning considers the subjects' outcomes alongside their traits,
and goes through an explicit coaching method to see the most
effective outputs related to the inputs that are nearest to the
outcomes on the average. The end result is often the likelihood
of obtaining a selected clinical event, the mean value of an
iliness level, or the expected survival time. Clearly, compared
with unattended learning, supervised learning provides
additional clinically relevant results; thence Al applications
intending most frequently use supervised learning. Relevant
techniques embrace simple regression, logistical regression,
naive Bayes, call tree, nearest neighbor, random forest,
discriminant analysis, support vector machine (SVM), and
neural network [11]. Compare commonity|the recognition} of
the varied supervised learning techniques in medical
applications clearly shows that SVM (42%) and neural
network (31%) are the foremost popular ones (others — 27%)
[8].

The main usage of SVM is the classification of the themes
into 2 teams — in our case: cluster one is arrhythmias
episodes, cluster a pair of — core patient RRs. There's the end
result Loloish may be a classifier: Yi = —1 or one represents
whether or not the i-th subject is in cluster 1 or a pair of,
respectivelyy. the essential assumption is that all RR's are
often separated into 2 teams through a choice boundary
outlined on the traits Xij, which might be written as:

P
a = injcj +b,

J=1

where ¢j is that the weight swing on the j-th attribute to
manifest its relative importance on moving the end result
among the others. The choice rule then follows that if ai &gt;
zero, the i-th subject is classed to cluster one, that is, labeling
Loloish = —1; if ai &lt; zero, the topic is classified to cluster a
pair of, that is, labeling Loloish = one. The category
memberships are indeterminate for the points with ai = zero
[8].

The goal of coaching is cj improvement that the ensuing
classification believes the outcomes the maximum amount as
attainable. That is, with the tiniest misclassification error, the
error of classifying an RR-interval into the incorrect cluster.
The most effective weights should enable (1) the sign of ai to
be constant as Loloish that the classification is correct; and (2)
|ai] to be remote from zero, so the ambiguity of the
classification is reduced [8]. These are often achieved by
choosing cj that minimize a quadratic loss perform [12]. What
is more, assuming that the new RR-interval comes back from
the constant record, the ensuing cj is often applied to classify
these new RRs supported their traits. A crucial property of
SVM is that the determination of the model parameters may be
a gibbose improvement drawback that the resolution is often
international optimum.

This SVM algorithmic rule and program for sleuthing
cardiac arrhythmia episodes and reconstruction of core
patient's rhythm was developed at the Medical College of V.
N. Karazin Kharkov National University as a result of original
analysis by the authors and with the informative support of the
scientists of the Medical college of the «Sapienza» University
of Rome. The primary presentation of the cardiac arrhythmia
detection algorithmic rule was performed at the Scientific
Conference «eHealth» laptop Medicine' 2005 in Kharkov.
More improvement of the bogus intelligence program for
sleuthing cardiac arrhythmia episodes and reconstruction of
core patient's rhythm was disbursed, each by complicating of
world improvement procedure and rising the coaching
methodology. The information for computer science coaching,
furthermore, because the samples of HRV analysis bestowed
within the article were taken from the in-depth EKG
mensuration databases of university clinics of the V.N.
Karazin Kharkov National University and also the «Sapienza»
University of Rome.

I1l. RESULTS AND DISCUSSION

A. Single Arrhythmia Episodes.

Here, cases of Single cardiopathy Episode up to twenty s long
are considered, with a total recording time of a minimum of vi
minutes. The first 2 cases are the best to research since Single
cardiopathy Episode is settled directly at the start (Tab. 1) and
the tip of the records (Tab. 2). For these cases, it's
straightforward to isolate five min long recording sites free
from single cardiopathy episodes. This enables to create an
instantaneous comparison of five min long records free from
cardiopathy episodes with the results of operation of the
factitious intelligence core rhythm extraction from the initial
RR Series, also on assess the result of Single cardiopathy
Episodes on the results of HRV analysis.

This approach permits achieving results of HRV analysis,
obtained by analytic a five min interval free from Single
cardiopathy Episode and also the Al core rhythm extraction
from the initial RR Series much coincide for all components of
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the analysis: Time-Domain, Frequency-Domain and nonlinear.
At constant time, the inclusion of Single cardiopathy Episodes
into thought considerably distorts the pattern of the HRV
analysis of all told cases.

The most robust case for the HRV analysis is once one
cardiopathy Episode is found within the middle of the
recording interval (Tab. 3). during this case, it's not possible to
isolate a five min interval for the analysis, and solely short
records with the length of regarding two minutes thirty s
before and when one cardiopathy Episode is compared with
the results of operation of Al core rhythm extraction from
initial RR Series.

In this scenario, we might see that the factitious intelligence
core rhythm extraction from the initial RR Series copes well
with the task set, and also the knowledge of HRV analysis is
love those ascertained before and when the one cardiopathy
Episode. At constant time, the inclusion of Single cardiopathy
Episode within the HRV analysis catastrophically distorts the
results of the HRV analysis, maybe, increase the full Power by
an element of 500!

B. Multiply Arrhythmia Episodes

This option is pictured by records of patient B. (83 years old)
provided by Dr. Nicola Marchitto. Records are created at the
time of admission (Tab. 4) and discharge (Tab. 5) to the clinic.
heart condition is characterised by revenant each 30-40 s
isolated supraventricular attitude beat or try of beats. during
this case, it's not possible to isolate

the components of the records of the length spare for the
analysis, free from arrhythmias, and to match them with the
operation of the synthetic intelligence core rhythm extraction
from initial RR Series. However, it's potential to match the
records of a similar patient and assess their evolution within
the analysis of the initial RR Series and people when
computing core rhythm extraction.

Although such records enable direct HRV analysis [2], in
apply the results are extremely distorted and don't correspond
to the objec- tive condition of the patient, moreover as his age
and gender. The HRV spectrum is additionally considerably
distorted. At a similar time, the analysis of HRV indicators
when computing core rhythm extraction from the initial RR
Series shows their compliance with age and gender indicators,
moreover as highlights the positive dyna- mics ensuing from
the patient’s keep within the clinic.

C. Heart Arrhythmia

This option is diagrammatic by a record of patient C. (78 years
old). Cardiac arrhythmia is characterized by continual each 3-4
seconds isolated supraventricular position beat or combine of
beats. 121 arrhythmia episodes are determined in only six
minutes of the record!

Tab. 5. Multiple Arrhythmia Episodes at the discharge
from clinic (patient B.)

1. Initial RR Series with multiple arrhythmia
episodes
(record B.2, 12 arrhythmia episodes)

RR Spectrum

Stress Index = 6,4
Total Power = 4056 ms2
Sample Entropy = 0,514

2. Al core rhythm extraction from initial RR
Series

RR Spectrum

02 03 04
Frequency (Hz)
Stress Index = 18,3

Total Power = 326 ms?
Sample Entropy = 1,285

Tab. 6. Heavy Arrhythmia (patient C.).

RR, ms First 100 RRs

ol ||| ||II|||’II|I||||||||
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Stress Index = 6,2

Total Power = 21480 ms?2
Sample Entropy = 0,517

First 100 RRs

0.2 03
Frequency (Hz)

Stress Index=17,6

Total Power = 762 ms?2
Sample Entropy = 0,707

In this case, direct analysis of HRV can't be performed,
because it doesn't meet the standards [1] or advanced
necessities [2].

We tend to see that the analysis results are considerably
distorted, maybe, with Associate in Nursing abnormally high
Total Power worth or the best potential values within the
spectrum outside the high frequencies vary. At the identical
time, the synthetic intelligence core rhythm extraction from
the initial RR Series will a superb result and shows the values
that are up to the target condition of the patient, age, and
gender characteristics within the HRV analysis.

IV. CONCLUSION

The article presents an artificial intelligence procedure for
sleuthing episodes of arrhythmias and reconstruction of core
patient’s rhythm and additionally demonstrates the
efficaciousness of its use for the HRV analysis in patients with
variable degrees of arrhythmias: Single heart condition
Episodes, Multiple heart condition Episodes, and a significant
heart condition. The HRV analysis used Time-Domain,
Frequency-Domain, and nonlinear ways. High efficaciousness
of operation of the procedure Al core rhythm extraction from
initial RR Series for patients with a heart condition was
rumored all told cases.

This allows:

» within the case of Single heart condition Episodes, to induce
a match for all parts of the analysis (Time-Domain,
Frequency-Domain, and Nonlinear) upon isolation of a five
min interval free from Single heart condition Episodes and Al
core interval rhythm extraction from initial RR Series (Tab. 1—
3);

+ within the case of Multiple heart condition Episodes, taking
as associate degree example the records of a similar patient,
created at the time of admission to the clinic (Tab. 4) and
discharge from the clinic (Tab. 5), to get the results to adore
the patient’s objective condition, age, and gender indicators,
and additionally to spotlight the positive dynamics ensuing
from the patient’s keep within the clinic;

» within the case of significant heart condition, to get the
results of HRV analysis capable the target condition of the
patient, age and gender characteristics (Tab. 6);

« all told cases, the direct inclusion into the review of heart
condition Episodes and also the use of the initial RR Series
results in a significant distortion of the results of the HRV
analysis for the total set of ways (Time-Domain, Frequency-
Domain, and Nonlinear) and for all thought of choices for a
heart condition (Tab. 1-6).
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