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AUTOMATED CLASSIFICATION OF HEMODYNAMICALLY SIGNIFICANT ARRHYTHMIAS
BASED ON ECG FEATURES

Annotation: This paper presents an automated method for the classification of hemodynamically
significant arrhythmias (HSA) based solely on electrocardiographic (ECG) features, without the use of
additional imaging diagnostic techniques. The proposed approach relies on key ECG parameters, including
QRS complex duration, RR intervals, and heart rate (HR). The study is based on data from the open-access
MIT-BIH Arrhythmia Database, which contains multiple types of cardiac rhythm disturbances. A comparative
analysis of arrhythmia classes was conducted, leading to the identification of diagnostically significant
predictors associated with hemodynamic instability. Logical decision rules and a decision tree model were
developed to enable automatic recognition of HSA and clinical risk stratification. The proposed algorithm
demonstrates high interpretability and practical applicability for real-time monitoring systems. The results
confirm that ECG-based features alone can be effectively used for preliminary detection of dangerous
arrhythmias. The developed approach is especially valuable for telemedicine systems and healthcare facilities
with limited access to expensive diagnostic equipment.

Key words: ECG, arrhythmia, hemodynamically significant arrhythmia (HSA), QRS complex, RR
intervals, heart rate, MIT-BIH, automated diagnosis.

Introduction

Cardiac arrhythmias are disturbances in the regular electrical activity of the myocardium that
can lead to significant alterations in systemic hemodynamics. Among these, particular attention is
given to hemodynamically significant arrhythmias (HSA), which are associated with reduced tissue
perfusion, hypotension, syncope, and, in some cases, an increased risk of fatal outcomes.

Modern approaches to assessing HSA typically involve the use of imaging-based diagnostic
tools — particularly echocardiography, which allows for the evaluation of ejection fraction and
volumetric characteristics of the left ventricle. However, in settings with limited access to expensive
hardware - especially at the outpatient level or within telemedicine systems — there is a growing need
for alternative, less resource-intensive diagnostic methods.

Electrocardiography (ECG) remains the most accessible and widely used method for the
primary diagnosis of heart diseases. ECG signals provide a range of parameters that reflect the
electrical activity of the heart, including the QRS complex duration, RR intervals, and heart rate (HR).
According to several studies, these parameters can serve as surrogate markers of the functional
state of the cardiovascular system [2, 3, 10].

Hemodynamically significant arrhythmia (HSA) is a type of cardiac rhythm disturbance that
leads to reduced tissue perfusion and may result in loss of consciousness, hypotension, ischemia,
and other severe consequences. Current diagnostic methods for HSA typically involve costly and
labor-intensive procedures, including echocardiography. This study proposes an approach to
evaluating HSA based solely on ECG features [1, 2], such as QRS complex duration, RR intervals,
and heart rate (HR). The primary objective is to automate preliminary diagnosis using open-access
data and simple physiological criteria.


mailto:a.bekbay@satbayev.university
https://doi.org/10.53360/2788-7995-2025-4(20)-1

Materials and methods

This study implements a step-by-step approach aimed at developing an interpretable and
technically feasible algorithm for recognizing hemodynamically significant arrhythmias (HSA) based
on electrocardiographic data. The process begins with the selection of initial data and the
classification of arrhythmia types. Key diagnostic features are then extracted and subjected to
guantitative analysis. Logical rules are formulated, followed by validation using a decision tree model.
This approach allows for a justified integration of clinically significant parameters with their
application in engineering-based diagnostic systems.

The study utilizes the open-access MIT-BIH Arrhythmia Dataset, which includes five primary
types of cardiac rhythms: normal rhythm, supraventricular ectopic beat, ventricular ectopic beat,
fusion of ventricular and supraventricular activity, and other arrhythmias. Signal classification is
visualized (see Figure 1), and the averaged parameters are presented in Table 1.
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Figure 1 — Distribution of arrhythmia classes in the MIT-BIH dataset

Table 1 — Average ECG Feature Values by Arrhythmia Type

Type of Arrhythmia Description Average QRS | Average RR Average
(Label) Duration (s) Interval (s) HR (bpm)

0 Normal Rhythm 0.10 0.80 75

1 Supraventricular Ectopic Beat 0.09 0.72 83

2 Ventricular Ectopic Beat 0.16 0.68 88

3 Fusion of Ventricular and 0.18 0.65 92

Supraventricular Activity
4 Other Arrhythmias 0.14 0.74 81

Table 1 presents the average values of key electrocardiographic parameters — QRS complex
duration, RR intervals, and heart rate (HR) — for each of the five arrhythmia categories represented
in the MIT-BIH Arrhythmia Database. These values were calculated based on normalized ECG
signals and demonstrate diagnostically significant differences among rhythm types. For example,
ventricular disturbances (label = 2 and 3) are characterized by prolonged QRS durations (0.16-0.18
s) and elevated heart rates (up to 92 bpm), which are consistent with clinical indicators of
hemodynamic significance. Visual comparison of these parameters enables the formulation of well-
grounded diagnostic rules and threshold values for HSA recognition algorithms.

After the initial classification of signals by arrhythmia type, the ECG signals were normalized and
processed to extract the following features:

o QRS complex duration,

e RRintervals,

e Heart rate (HR).

To detect R-peaks, a local maxima algorithm was used (specifically, the find_peaks function from
the scipy.signal library) incorporating amplitude and time constraints as described in [6, 10]. RR
intervals and the corresponding heart rate were then calculated. QRS duration was determined in
the vicinity of the R-peaks using signal derivatives. An example of the visualization is shown in Figure
2.
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ECG: R-peak detection and RR intervals
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Figure 2 — R-peak detection and ECG signal visualization

An analysis of QRS complex morphology was conducted to identify signs of conduction block
or other significant abnormalities. To this end, rerepresentative examples were constructed (see
Figure 3) that illustrate instances where QRS duration exceeds the threshold of 120 ms (=0.12
s).These data served as the basis for formulating logical classification criteria.
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Figure 3 — Example of extended QRS complexes meeting the criterion QRS> 0.35
(MIT-BIH Record No. 223)

Based on the extracted features, the next objective of the study was to formalize criteria that
allow for the reliable identification of hemodynamically significant arrhythmias (HSA). Logical
conditions were formulated based on clinical sources and guidelines [7, 8, 13-15]:

e Label € {2, 3} — ventricular ectopic beats and fusion of ventricular and supraventricular

activity;

e QRS > 0.35 in normalized data (corresponding to QRS > 120 ms);

e HR > 0.65 (corresponding to heart rate > 130 bpm);

e If at least one of these conditions is met, the record is classified as hemodynamically

significant arrhythmia (HSA).

To evaluate the effectiveness of the proposed criteria, a decision tree model was constructed
using QRS duration, RR intervals, HR, and arrhythmia type as input parameters. This step aligns
with the approaches discussed in studies [5, 9]. A decision-making flowchart incorporating clinical

recommendations is shown in Figure 4.
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Figure 4 — Logical Decision Tree Flowchart
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ISSN 2788-7995 (Print)

[Iskepim yHUBEpCUTETIHIH Xabapibichl. TexHukamibk Feutbivaap Ne 4(20) 2025 8
ISSN 3006-0524 (Online)

Bulletin of Shakarim University. Technical Sciences Ne 4(20) 2025



The diagram illustrates the logic of classification and patient triage based on three key ECG
features: arrhythmia type (label), QRS complex duration, and heart rate (HR). The algorithm begins
by checking for potentially dangerous arrhythmias (label = 2 or 3). If this condition is met, the
classification indicates the presence of a hemodynamically significant arrhythmia (HSA) and the
need for urgent clinical intervention. If no such label is detected, the analysis proceeds by evaluating
QRS duration, followed by heart rate. Depending on which criteria are triggered, the system provides
appropriate recommendations: urgent cardiologist consultation, assignment of Holter monitoring, or
routine outpatient follow-up. This structured logic enables an interpretable and formalized
assessment of the patient's condition, suitable for engineering implementation in medical Al systems.

A summary table of recommendations based on different diagnostic criteria for HSA is
provided separately (see Table 2).

Table 2 — Clinical Actions Based on HSA Criteria
Criterion Detected Recommendations
Antiarrhythmic  therapy, cardiologist consultation, possible
hospitalization
Echocardiography, assessment for conduction block, treatment

Ventricular arrhythmia Yes

QRS > 120 ms (=0.12 s) Yes

adjustment
HR > 130 bpm; Yes Holter monitoring, beta-blockers, workload adjustment
No criteria met No Outpatient follow-up, re-evaluation in 6 months

In addition, a visual interpretation of rhythm differences based on the previously extracted
features was performed. For this purpose, illustrative visualizations of ECG signal fragments were
generated for each of the five arrhythmia classes (see Figure 5), clearly demonstrating the
morphological distinctions between them.
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Figure 5. Examples of ECG Signals and R-Peaks by Arrhythmia Type

To automatically extract R-peaks, local maximum algorithms were applied with amplitude
thresholds and a minimum peak-to-peak distance corresponding to physiological limits.
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Results and Discussion

The results demonstrate that the proposed classification algorithm is capable of detecting
hemodynamically significant arrhythmias (HSA) based solely on electrocardiographic features. The
use of logical criteria — based on arrhythmia type, QRS duration, and heart rate — ensures high
interpretability, while the visualized signals confirm the reliability of the distinctions between classes.

The decision tree model, trained on the extracted features, successfully reproduces the
structure of the logical rules, making it suitable for engineering applications in medical diagnostics.
The presented ECG signal visualizations and classification schemes further enhance the
interpretability of the results.

In order to validate the diagnostic performance of the developed algorithm, a quantitative
evaluation was carried out using standard statistical measures. The obtained metrics reflect the
model’'s ability to correctly classify hemodynamically significant arrhythmias and distinguish them
from non-significant cases.

Thus, the proposed approach may prove valuable in settings with limited access to imaging
methods and is applicable for use in automated monitoring systems. To quantitatively evaluate the
performance of the proposed classification algorithm, standard diagnostic metrics were calculated
on the MIT-BIH dataset. The results are summarized in Table 3 and visualized in Figure 6.

Table 3 —Performance metrics of the proposed algorithm.

METRIC VALUE (%)
Accuracy 91.2
Sensitivity (Recall) 89.5
Specificity 92.3
Precision 88.7
F1-score 89.1
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Figure 6 — Visualization of classification metrics
(Accuracy, Sensitivity, Specificity, Precision, F1-score) for the proposed algorithm

The results demonstrate that the proposed algorithm provides a balanced trade-off between
sensitivity and specificity, ensuring reliable detection of hemodynamically significant arrhythmias and
confirming its suitability for integration into medical Al systems.

Conclusion

The developed algorithm enables the assessment of hemodynamically significant
arrhythmias (HSA) using electrocardiographic features alone — such as RR intervals, heart rate, and
QRS duration — without the need for additional imaging diagnostics. The logical classification system,
complemented by a decision tree model, provides high interpretability and technical feasibility for
implementation in engineering and clinical applications. The presented visualizations and diagnostic
criteria enhance the reliability of the evaluation while maintaining computational simplicity.

The proposed approach demonstrates consistency with recent studies [3, 5, 9] and offers
potential for integration into telemedicine and continuous cardiac monitoring systems, especially in
settings with limited diagnostic resources. Future work will focus on expanding dataset diversity and
validating the algorithm in real clinical environments to further improve its diagnostic accuracy and
robustness.
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ABTOMATU3UPOBAHHASA KIACCUDPUKALIUA TEMOOUHAMUYECKN 3HAYUMbIX APUTMUN
HA OCHOBE 3KI-nPM3HAKOB

B cmambe npedcmasrneH memod knaccugukayuu eeMoOuHamMu4ecKku 3Haqumbix apummud (F3A) Ha
ocHose napamempos  anekmpokapOuoespammbl  (OKI)  6e3  ucronb3oeaHusi  OOMNOAHUMEbHbIX
susyanusupyrouux oOuazHocmu4deckux memodos. bbinu ebidenieHbl KYesble Mpu3Haku, maxkue Kak
OnumenbHocmb Komrnekca QRS, uHmepsanbi RR u uyacmoma cepdeyHbix cokpaweHul (HYCC).
Knaccugpukayussi apummuli ebironiHeHa Ha oOcHoee OaHHbix 6a3bl MIT-BIH Arrhythmia Database.
Paspabomatbl susyanusayuu u rioaudeckasi cxema Orns asmomamudeckozo onpedeneHus [3A. Lens
uccnedosaHusi — paspabomka u eanudayusi anzopumma Krnaccugukayuu 2emMoOUHaMUYeCKU 3Ha4yuMbIX
apummutli, OCHOBaHHO20 UCK/TIOHYUMENLHO Ha 3fekmpokapduoepaghuyeckux npusHakax. lMpednasaemasi
MemooOuka ornupaemcsi Ha paHee ornybriukosaHHble uccriedosaHus, MnocesWérHble ucrnonb3osaHuro IKI-
npusHakoe & OuasHocmuKe apummull, U HanpaeneHa Ha nosbiweHue AocmyrnHocmu OuasHOCMUKU 8
ycrosusix oepaHuyeHHbIx pecypcos. OcHoBHas uesib pabomsl 3akirodaemesi 8 pacuwupeHuu docmynHocmu
Ouac2HOCMUKU cepleyHbIx apummull nocpedcmeoM UHMepPrnpemupyemMbiX UHXEHEPHbIX peLieHul.

Knrodeesnie cnoega: 3KI, apummus, eemoOuHamuvecku 3Haqdumas apummusi (F3A), komnnekc QRS,
uHmepsansl RR, yacmoma cepleyHbix cokpaweHul, MIT-BIH, asmomamuueckas QuazHocmuka.
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FrEEMOONHAMUKAIDBIK MAHbI3Abl APUTMUANIAPAObLI KT HETI3IHAE ABTOMATTbI TYPOE XIKTEY

Makanada KocbIMWa su3yanusayusnblk  OuasHoCMuKarbiK e0icmepdi  KondaHbal-ak
anekmpokapouozpamma (OKI) napamempriepiHe HeeizdenzeH 2eMoOOUHaMuKarnblK mypfblidaH MaHbI30bl
apummusinaposi (FTMA) xikmey adici ycbiHblnadbl. Heeizai 6enzinep pemiHde QRS KOMMNeKCIiHIH y3aKmblfbl,
RR apanbikmapsbl xaHe xypek cory xuiniei (XKCXK) anbikmandbl. Apummusinap MIT-BIH Arrhythmia Database
Oepekmep basacbl HeeidiHOe xikmendi. [MA-HbI asemomammbl mypde aHblKmayfa apHarnfaH
eu3yanu3ayusinap MeH  flo2ukasnblK  anzopumm  83iprieHOi.  3epmmeydiH MakKcambl — MmeK
anekmpokapouozpausinbiK epekuwesnikmepae Hezizdenz2eH eeMoOUHaMUKarblK MaHbI30bl apummusinapobi
XikmeyOiH anzopummiH a3ipriey xoHe sanudayusinay. YcbiHbiniFaH adicmeme IKI™ 6eneinepiH apummusinapdbi
OuaeHocmukanayOa KondaHyra apHasnfraH 6ypbiH XapusinaHFaH 3epmmeyrnepae cyleHeldi xoHe wekmeyni
pecypcmap xardaliiHOa OuasHocmukara KosmkemimOinikmi apmmbipydsl makcam emedi. XKymbiCmbiH
bacmbl Makcambl — UHMepnpemayusiiayra oHal UHXEeHepIliK wewimOep apKbifibl XypeK apummusinapbiH
OuazHocmukasayOblH KormkemimoiniaiH apmmbipy.

Tytin ce30ep: 3KI, apummusi, ezemoduHamuKasbiK MaHbI30bl apummusi (FTMA), QRS komnnekci, RR
aparnbifbl, Xypek cory xuiniei, MIT-BIH, asmomammsil duasHocmuka.
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TPEXKOHTYPHAA KACKAOHAAA CUCTEMA PETYNIUPOBAHUA TENNO3HEPIETUYECKOM
YCTAHOBKOU C ADANTUBHOU HACTPOUKOU KOIDPDPULIMEHTOB PID PEFYNATOPA

AHHOmauyusi: B cmambe  paccmampusaemcsi — MpPEXKOHMYypHasi — KackaOHasi — cucmema
asmomMamu4ecKoeo peayrupoeaHusi ypoeHsi 600bl 8 Mapoe8OM Komiie C UCMofib3oeaHueM adanmueHol
Hacmpoliku koagpepuyueHmos PID-peeynamopa. OcobeHHOocmbio npednazaemMol cucmeMbl s85s5emcs
ucrionib3o8aHue Heyemkol roauku Onsi adanmueHol KOpPeKyuu napamempos pe2yrsimopos, 4Ymo
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