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Effects of COVID 19 on Electrocardiographic Parameters: Healthy ECGs vs COVID 19 ECGs

Huseyin Yanik, Selma Yaman, Evren Degirmenci*

Abstract: The coronavirus disease (COVID-19) started in 2019 and became a pandemic by infecting many people all over the world. It is known that COVID-19 affects the heart
as well as the respiratory system, and the changes it causes on the electrical activity of the heart are among the common research topics of recent studies. The electrical activity
of the heart is measured by Electrocardiography (ECG). While some ECG devices give the ECG signal directly as numeric vector format, others draw the signal on paper or give
results as an image. ECG images drawn on paper are usually only visually examined by the doctor, and detailed analysis is mostly attempted with low-accuracy machine learning
methods. In this study, a new approach that converts ECG images drawn on paper into signals is proposed. The proposed approach was used to convert the ECG images recorded
from COVID-19 and healthy people in an open source ECG image database into signals, and the obtained ECG signals were analysed in detail with signal processing methods
and compared statistically between COVID-19 and healthy group and with similar studies in the literature. Results showed that, ECG characteristics were significantly changed

with the COVID-19.
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1 INTRODUCTION

Coronavirus Disease 2019, commonly known as
COVID-19, is a disease that emerged in China at the end of
December 2019, and spread all over the world [1]. COVID-
19 is caused by Severe Acute Respiratory Syndrome-
Coronavirus-2 (SARS-CoV-2) virus and The World Health
Organization (WHO) had to declare a pandemic in 2020 due
to the spread of the virus. Two years have passed since the
emergence of the virus, and the total number of cases and
deaths in worldwide have reached over 450 million and 6
million, respectively [2]. The clinical indications of the
coronavirus are mostly manifested by respiratory system
symptoms (cough, fever, shortness of breath, fatigue, etc.).
With sudden changes in the respiratory system, pneumonia
and acute respiratory diseases are observed in individuals. It
is known that many patients have also persistent symptoms
after COVID-19 [3]. According to studies, it has been
observed that individuals with cardiovascular diseases face
COVID-19-related problems more frequently and have
higher mortality rates compared to the others [4].

In general, the damages caused by SARS-CoV-2
infection in the respiratory tract, heart and lungs are observed
with computed tomography (CT) and x-ray scans. Recent
reports show that COVID-19 triggers diseases such as
myocarditis and hypertension in the heart [5]. Recently,
researchers focused on electrocardiographic (ECG)
observations of individuals, since it is a more cost effective
approach compared to CT and X-ray scans to obtain
information from heart. In addition to that, it is possible to
have more information of heart physiology using ECG.
Therefore, studies using ECG have increased to observe the
effects of COVID 19 on heart [6-7].

In a recent study with a shared COVID-19 ECG
database, researchers observed the effects of COVID-19 on
ECG [8]. This dataset contains 1937 ECG recordings
obtained from distinct patients using ‘EDAN SERIES-3’
ECG device from different health care facilities across
Pakistan. The team of senior medical professionals with

experience of ECG interpretation reviewed the data using
Telehealth ECG diagnostic system. The researchers
distinguished the healthy and COVID-19 ECG images after
the manual interpretation and 859 of the images belong to
healthy people while 250 of the images belong to COVID-19
patients. Using the same database, different studies used
convolutional neural network (CNN) models to classify ECG
images [9-14]. Each of these studies exhibited a deep
learning-based approach through imagery. However, since
not having a signal dataset, it is impossible to make a precise
ECG signal analysis over this important database. In this
study, ECG paper images of this COVID-19 ECG database
were converted into digital vector arrays using image-
processing techniques. During this process, low quality or
corrupted images were also eliminated and finally, a high
quality Lead-Il ECG signal dataset consisting of 118
COVID-19 patient and 156 healthy individual ECGs were
obtained. Furthermore, converted signal dataset was
analysed using signal processing techniques and their
features were extracted. Results were statistically analysed
and distinguishing features in ECGs between COVID-19
patients and healthy individuals were revealed. The results
were compared with the studies using the images of the same
dataset.

2 MATERIALS AND METHOD
2.1 Database

In this study, the COVID-19 ECG database consisting of
COVID-19 patients’ and healthy individuals’ ECGs shared
by Khan et al [5] were used. ECG recordings of that dataset
were obtained using a 12-channel ECG device with a
sampling frequency of 500 Hz and recorded on thermal paper
using the built-in thermal array recorder. Shared 859 healthy
individual ECGs were directly saved as jpeg image by the
device while 250 COVID-19 patient ECGs were saved by
scanning the paper output. Sample recordings of a COVID-
19 patient and a healthy individual are given in Fig. 1.
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Figure 1 a) Healthy ECG, b) COVID-19 ECG

2.2 Preprocessing

Since healthy and COVID-19 ECG images exhibit
different image formations, different methodology were
applied for each of them. Firstly, healthy individual ECG
images were processed. These images were directly recorded
by the device and all of them were in the same formation as
given in Fig. la. In each image, the signal at fourth raw
corresponds to Lead-II ECG data and a square wave at the
beginning of this signals shows the zero line of the signal
together with its amplitude and time information. Quick
visual inspection showed us that the Lead-II data varies
between +3 mV and all of them have at least 9 seconds
duration. Thanks to all Lead-II data were at the same location
of the recorded images, an image mask was constructed by
calculating the corresponding corner pixels to be extracted
and applied to all healthy group dataset.

Similar procedure was applied for the extraction of Lead-
II ECG images of COVID-19 patients. But, since the
recorded images were obtained via scanning or
photographing the ECG papers, Lead-II data in each of them
have different locations as well as different aspect ratios.
Therefore, each of the data were manually investigated and
zero line of the signal was determined using the square wave
indicator at the beginning of each Lead-II image. After
detecting the corresponding corner pixels for £3 mV range
and 0-9s duration for each image, Lead-II images were
extracted from the recordings and saved for further
processing. Sample extracted images for a random ECG
Lead-II data are given in Fig. 2.
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Figure 2 Extracted Lead Il ECG

After extracting all Lead II derivation images from
recordings, they were converted to vectoral signal format

using image and signal processing techniques. Firstly, a
binary mask was applied to image using a threshold to get rid
of background paper and leave only ECG pattern on the
image. Then, the amplitude and time value of each pixel on
the extracted images was calculated and they converted into
the ECG signal values.

The generalized formulation for the vectoral conversion
used are as follows:

d=(a—->b)/h/sqrimV (1)

Here, d corresponds to the potantial value of the converted
ECG signal, while a is the pixel number of the extracted ECG
pattern in vertical axis (amplitude of ECG — y axis), b is the
pixel number corresponds to the baseline of square indicator
in vertical axis, % is the total number of pixels of the extracted
image in vertical axis, sqr is the number of squares the
extracted image has along vertical axis, and mV is the
millivolts value of each square in ECG paper, as seen in Fig.
3.
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Figure 3 Demonstration of ECG graph conversion parameters
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After obtaining all ECG Lead-II data as numeric signals,
the analysis phase was started. The first part of the analysis
was to filter the signals to remove unwanted noises that
embarrass them during analysis. Wavelet transform-based
filtering using Debuchies 6 wavelet was utilized as proposed
in [15].

After filtering the signals, characteristic points of the
signal, the onset, peak and offset points of P, QRS complex
and T waves, were determined numerically using wavelet
transform based algorithms proposed in [15] and [16].

Furthermore, the scalogram of each signal was
calculated as explained in [15] and [16] and energy values of
each wave was obtained for both groups.

By wusing the obtained characteristic points and
scalogram data, following parameters given in Tab. 1 were
calculated from each ECG signal and stored for statistical
analysis.

As a descriptive statistical result, mean and standard
deviations of the calculated parameters were obtained using
a statistical package program. The normality of variables and
the homogeneity of variances were evaluated with the
Kolmogorov-Smirnov test. In data analysis, independent 2
group t-test (Student’s t-test) was used for the comparison of
two groups, while the relationship between two continuous
variables was evaluated with the Pearson Correlation
Coefficient. The significance level of the tests was accepted
to be p<0.05.
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Table 1 Description of obtained ECG parameters [17]

ECG Parameter

Information

RR interval

The duration between two consecutive R peak
points, in milliseconds

The duration between end of T wave and end of

ST interval the previous QRS complex, in milliseconds
ST segment The duratio_n between onset of T wave and end of
the previous QRS complex, in milliseconds
QT interval The duratio_n between end of T wave qnd onset of
the previous QRS complex, in milliseconds
PR (or PQ) interval The duration between onset of QRS complex and

onset of previous P wave, in milliseconds

QRS complex interval

The duration from beginning to end of an QRS
complex, in milliseconds

QRS complex
amplitude

Amplitude difference between R peak and S
deflection downwards point of a QRS complex,
in millivolts

T wave amplitude

Amplitude difference between peak and offset
points of a T wave, in millivolts

P wave amplitude

Amplitude difference between peak and offset
points of a P wave, in millivolts

1
OTc QTc = QT _interval/(RR_Interval)3
ECG Scalogram Energy content of the mgna} obtained from
Scalogram analysis [20]
3 RESULTS

Fig. 4 shows a sample signal converted from extracted

image using Eq. (1) as described in section 2.2.
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Figure 4 A sample of converted Lead Il derivation vectoral signal from image
(amplitude (voltage) vs time (seconds)).
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Extracted ECG signal was filtered using a 30 Hz low
pass filter and the signal was removed from recording and
conversion noises. Unfiltered and filtered signals are given in
Fig. 5 and signal became ready for further analysis.

Detection of ECG characteristic points was performed
using the technique proposed in [15] to calculate analysis
parameters. Fig. 6 shows detected characteristic points on a
digitized and filtered Lead-II signal.
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Figure 6 Detection of characteristic points

After detecting the characteristic points of ECG, all
analysis parameters together with PED values were obtained
from all ECGs and stored.

Calculated analysis parameters were first statistically
analyzed for significant differences. In the statistical
analysis, the repolarization and depolarization phase
components in a cardiac cycle between healthy and COVID-
19 groups were compared. Statistical analysis results for the
parameters described in Table 1 are given in Table 2. Only,
the parameters with the significant results were included to
the table due to space considerations.

Table 2 Calculated parameters and statistical results (p<0.05)

Parameters Groups Mean + Std
Healthy 08244489 + 008749325
QRS Interval COVID-19 107640352 = 009865149
Healthy 77713988 + ,123476589
RR Interval COVID-19 73862431 = 136015762
ST Inferval Healthy 125398596 + 020334934
COVID-19 26051331 + 021274567
QRS Healthy 67467538 + 221686010
Amplitude COVID-19 195626246 + 329996678
. Healthy 13402635 058020148
T Amplitude COVID-19 117376008 = 065838637
ST Seament Healthy 108552178 + 026174769
cgme COVID-19 109562169 + 026431562
. Healthy 105607699 021190891
P Amplitude COVID-19 07527458 + 032294691
PR Interval Healthy 14473479 = 014319553
COVID-19 13424571 + 013382206
oTC Healthy 70238590 + 042035582
COVID-19 72015280 +,051170380
ECG Healthy 100369673 +,000235811
Scalogram COVID-19 100379381 000281916

Figure 5 Unfiltered and Filtered signal

According to the statistical analysis results, COVID-19
patients had significantly lower QRS and PR intervals; higher
P and T amplitudes; ST segment; compared to healthy group.
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A significant difference on RR interval was also observed
between two groups. The QTc interval, which carries
information about QT syndrome, is higher compared to
healthy group and indicates long QT syndrome in COVID
group. Evaluation of these results are given in the discussion
section in a detailed manner.

3.1 Comparison with Related Studies and Major
Contributions of this Study

In Tab. 3, a comparison of different methods is given.

Tab. 3 summarizes the experimental results of relevant
studies using the same ECG dataset and showing the
comparisons in between those. In these studies, it’s clear that
all authors applied CNN architectures using 12-lead ECG
paper images for comparison of the normal and COVID-19
while some of them were added the other ECG papers
containing MI and other diseases.

In this study, we extracted only lead-II ECG images from
the paper and converted these extracted images into 1-D
signals. Our purpose was to investigate ECG signal
differences between COVID-19 and healthy in statistical
manner. Purpose of vectoral conversion was to prevent the
low quality of the paper images. In addition to that, another
problem of the image dataset was very clear. Healthy ECG
images were clearly distinguished from COVID-19 ECGs
since COVID-19 ECGs are basically have a lot of
abnormalities in paper. Our main contribution was to present
abnormalities in ECG characteristics and what could be the
underlying reasons of these abnormalities related to COVID-
19. We published the results based on which part of the heart
was most effected with COVID-19. Therefore, in our study
we focused on lead-II ECGs which are the most common
derivation for ECG interpretation. In discussion section, we
interpreted all the differences and underlying reasons behind
these differences using the relevant literature.

Table 3 A comparison between image based studies

Study Method Accuracy % Sensitivity % Precision % Specificity %
[11] |Densenet201 99.1+0.44 99.1+0.44 99.11+0.43 96.9+0.8
[35] | CNN with RC model 99.0+1.05 99.6+1.26 - 98.44+2.06
[13] |CNN 98.57+1.14 99.23+0.59 97.73£1.91 98.0+1.29
[36] |CNN 98.81 98.81 98.81 -
[12] |Efficient Net B3 81.80 - 80.8 -

[37] | Efficient-ECGNet 98.66 - 98.74 -
[38] | SEResNetl8 97.72 97.35 - 98.14
[10] | MobileNet v2 9833 - - -
[14] |CNN 98.11 98.60 - 96.40
[9] | Hexaxial feature mapping with CNN 96.20 - 94.33 94.00
[39] | ECG-BiCoNet 98.80 98.80 98.80 98.80
4 DISCUSSION E—
0.80 —
In this study, all the ECG graphs are converted into 075 |
vector format with its exact time and amplitude values via -
proposed image to vector standardization methodology. 0.70 1 _
Unlike machine learning studies using this dataset, & 065 |
characteristics of ECGs are revealed numerically from the
data, not from the pattern. Therefore, evaluation metrics are 0.60 e -
composed of numerical values obtained from quantitative 055
analysis of healthy and COVID-19 ECGs. ' .
When the electrocardiographic findings presented in the ety P
study are examined, it is observed that the QTc is Groups

significantly longer on COVID-19 patients (p < 0.05). Fig.
7a and Fig. 7b shows the significant differences on QT
interval parameters as a box plot containing outliers.

In clinical trials, physicians use QT interval assessments
as a syndrome marker based on prolongation of the interval
[22, 23]. During the current pandemic, the presence of
hospitalized patients with prolonged QTc has been reported
[24]. Prolonged Qt syndrome, characterized by arrhythmias,
has a high tendency to heart attack. In addition, long QTc
may indicate a risk factor for long QT syndrome, which is
characterized by severe arrhythmias and carries a greater risk
of comorbidities [26, 27]. Therefore, prolonged QTc in
COVID-19 patients of this study can be interpreted as a risk
factor for heart problems in their future lives.
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Figure 7 Comparison of QT Interval parameters: a) QTc, b) QT interval
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As it can be seen from Tab. 2, COVID-19 patients had
significantly lower RR intervals, which indicate higher heart
rate compared to healthy individuals (p < 0.05).

Statistical analysis also showed that COVID-19 patients
had significantly longer ST segment compared to healthy
group. Fig. 8 shows the ST segment differences as a box plot.
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Figure 8 ST Segment differences
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Figure 9 Comparison of P and T wave amplitudes between groups: a) P wave. b) T
wave

Multiple studies in the literature support the findings of
this study. In a study, examining the ECG recordings of
COVID-19 positive paediatric patients, ST segment
elevation have been reported [28]. In another multicentre
cohort study in which the ECG data obtained from COVID-
19 patients during their hospitalization, prolongation of ST
segment was observed in COVID-19 patients [29]. In a
retrospective study carried out to investigate ST segment
depletion-induced Myocardial infarction (MI). MI caused by

ST-segment elevation has been one of the most common
conditions during the pandemic [30], and therefore increased
ST segment can be an indicator for COVID-19 diagnosis
using ECG analysis.

According to the findings, there are also notable
differences on P and T waves between two groups. Fig. 9
shows the P wave and T wave amplitude differences between
groups.

Similar to our results, ECG of most patients with MI
showed nonspecific  features; including  T-wave
abnormalities has also been presented in literature. T wave
abnormalities are often a precursor of ST elevation MI
(STEMI). T wave amplitude alteration in COVID-19 positive
ECG analyses during clinical evaluations were observed in a
study [31]. Thus, T-waves and P-waves alterations may
indicate electrical stimulation and conduction problems in
case of COVID-19.

Another remarkable parameter among the ECG
parameters, the PR interval, had also significances between
two groups. As it can be seen from table 2, healthy group had
longer PR interval compared to COVID-19 patients (p <
0.05). Similar to our results, it was shown that PR interval
was shortened in COVID-19 patients. In addition, PR interval
considered for atrial fibrillation has also been shown by some
researchers to be different in COVID-19 patients [32, 33].
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Figure 10 Comparison of QRS Complex Parameters: a) QRS Complex Interval, b)
QRS Complex Amplitude

Other remarkable findings were observed on QRS
interval and QRS complex amplitude. As seen in Tab. 2, the
QRS interval, which represents the time between the onset of
the QRS complex and the onset of the previous P wave, was
significantly decreased in COVID-19 patients in addition to
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the decrease in PR interval (p < 0.05). Furthermore, the QRS
complex amplitude was significantly greater in COVID-19
patients compared to healthy group. Fig. 10 shows the
significance levels of QRS parameters between two groups.

In a hospital-based descriptive study, electro-
cardiographic changes in COVID-19 patients were presented
and similar to our results, short QRS complex was seen in
COVID-19 patients [34].

5 CONCLUSION

In the present study, ECG image recordings from 859
healthy individuals and 250 COVID-19 patients included in
the open source dataset were analyzed with a comprehensive
analysis, and different features of ECG were revealed by the
further signal analysis. Our results showed that there are
statistically significant effects on most of the ECG
parameters in COVID-19 positive individuals compared to
the healthy group. The remarkable point of the signal analysis
was that achieving further analysis in a shorter time with a
less noisy data compared to the original image dataset. Since
the image data set contains twelve ECG leads per image, and
recording of ECGs were applied with different papers and
devices, a normalization was proposed to increase reliability.
First, vectoral conversion to ECG images was applied using
binarization and threshold, and each image was normalized
using the pixel value of square indicator on the ECG paper.
Therefore, only Lead-II images were extracted as a signal
vector from the whole dataset. Then, the ECG signals were
filtered and valuable characteristics were extracted from the
noiseless signals. Finally, significant differences between
groups were revealed using statistical analysis.

The proposed work presents a novel approach to analyze
ECG image dataset obtained from COVID-19 and healthy
individuals. Previous studies using this dataset focused on
machine learning approaches to classify ECG papers as
COVID-19 or healthy, using the properties of ECG image
patterns. With the help of the approach proposed in this
study, ECG signals instead of ECG images were evaluated to
distinguish differences on characteristics of two groups. Even
though it is important to distinguish COVID-19 ECGs from
healthy ECGs, it is more important to determine ECG
characteristics to understand the effects of COVID-19 on
heart. The proposed methodology contributes on both
classification and examination of ECGs. Our results are also
supported by most of the studies in the literature investigating
the effects of COVID-19 on ECG. It is thought that, our study
can support the ECG image analysis since we have the
properties of ECG paper. In future works, our algorithm can
be adapted as a standardization method for the ECG image
studies to extract characteristics of ECGs which is very
helpful for physicians to interpret ECGs.

Acknowledgements

This study is a part of Hiiseyin Yamk’s PhD study and
supported by Mersin University Scientific Research Projects
(BAP) Unit with a grant number of 2019-2-TP3-3589. Evren
Degirmenci is the thesis supervisor and major author while
Selma Yaman assisted in finding the ECG image database

and reviewed the article from a medical point of view. Some
preliminary results of this study was presented as abstract at
11th International Medicine and Health Sciences Researches
Congress [40].

6 REFERENCES

[1] Ciotti, M., Ciccozzi, M., Terrinoni, A., Jiang, W. C., Wang, C.
B., & Bernardini, S. (2020). The COVID-19 pandemic. Crit
Rev Clin Lab Sci, 57(6), 365-388.
https://doi.org/10.1080/10408363.2020.1783198

[2] https://www.worldometers.info/coronavirus/
14.03.2022)

[3] Velavan, T. P. & Meyer, C. G. (2020). The COVID-19
epidemic. Tropical Medicine & International Health, 25(3),
278. hitps://doi.org/10.1111/tmi.13383

[4] Mai, F., Del Pinto, R., & Ferri, C. (2020). COVID-19 and
cardiovascular diseases. Journal of Cardiology, 76(5), 453-
458. hitps://doi.org/10.1016/j.jicc.2020.07.013

[5] Pranata, R., Lim, M. A., Huang, 1., Raharjo, S. B., & Lukito,
A. A. (2020). Hypertension is associated with increased
mortality and severity of disease in COVID-19 pneumonia: a
systematic review, meta-analysis and meta-regression. Journal
of the renin-angiotensin-aldosterone system: JRAAS, 21(2).
https://doi.org/10.1177/1470320320926899

[6] Wang, Y., Chen, L., Wang, J., He, X., Huang, F., Chen, J., &
Yang, X. (2020). Electrocardiogram analysis of patients with
different types of COVID-19. Annals of Noninvasive
Electrocardiology, 25(6), €12806.
https://doi.org/10.1111/anec.12806

[7]1 Long, B., Brady, W. J., Bridwell, R. E., Ramzy, M., Montrief,
T., Singh, M., & Gottlieb, M. (2021). Electrocardiographic
manifestations of COVID-19. The American journal of
emergency medicine, 41, 96-103.
https://doi.org/10.1016/j.ajem.2020.12.060

[8] Khan, A. H., Hussain, M., & Malik, M. K. (2021). ECG images
dataset of cardiac and COVID-19 patients. Data in Brief, 34,
106762. https://doi.org/10.1016/j.dib.2021.106762

[9] Ozdemir, M. A., Ozdemir, G. D., & Guren, O. (2021).
Classification of COVID-19 electrocardiograms by using
hexaxial feature mapping and deep learning. BMC medical
informatics and decision making, 21(1), 1-20.
https://doi.org/10.1186/s12911-021-01521-x

[10] Khan, A. H., Hussain, M., & Malik, M. K. (2021). Cardiac
disorder classification by electrocardiogram sensing using deep
neural network. Complexity, 2021.
https://doi.org/10.1155/2021/5512243

[11] Rahman, T., Akinbi, A., Chowdhury, M. E. et al. (2022). COV-
ECGNET: COVID-19 detection using ECG trace images with
deep convolutional neural network. Health Information
Science and Systems, 10(1), 1-16.
https://doi.org/10.1007/s13755-021-00169-1

[12] Anwar, T. & Zakir, S. (2021, April). Effect of image
augmentation on ECG image classification using deep
learning. In 2021 IEEE International Conference on Artificial
Intelligence (ICAI), 182-186.
https://doi.org/10.1109/ICAI52203.2021.9445258

[13] Irmak, E. (2022). COVID-19 disease diagnosis from paper-
based ECG trace image data using a novel convolutional neural
network model. Physical and Engineering Sciences in
Medicine, 1-13. https://doi.org/10.1007/s13246-022-01102-w

[14] Nainwal, A., Malik, G. K., & Jangra, A. (2021). Convolution
Neural Network Based COVID-19 Screening Model. Advances
in Systems Science and Applications, 21(3), 31-39.

[15] Yanik, H., Degirmenci, E., Biiyiikakilli, B., Karpuz, D., Kiling,
0. H.,, & Girgiil, S. (2020). Electrocardiography (ECG)

(Accessed:

TECHNICAL JOURNAL 18, 1(2024), 1-7



Hiseyin Yanik et al.: Effects of COVID 19 on Electrocardiographic Parameters: Healthy ECGs vs COVID 19 ECGs

analysis and a new feature extraction method using wavelet
transform with scalogram analysis. Biomedical
Engineering/Biomedizinische Technik, 65(5), 543-556.
https://doi.org/10.1515/bmt-2019-0147

[16] Yanik, H., Degirmenci, E., & Biiyiikakilli, B. (2021). A
comprehensive electrocardiographic analysis for young
athletes. Medical & Biological Engineering & Computing,
59(9), 1865-1876.
https://doi.org/10.1007/s11517-021-02401-2

[17] Trahanias, P. & Skordalakis, E. (1990). Syntactic pattern
recognition of the ECG. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 12(7), 648-657.
https://doi.org/10.1109/34.56207

[18] Carod-Artal, F. J. (2020). Neurological complications of
coronavirus and COVID-19. Revista de neurologia, 70(9), 311-
322. https://doi.org/10.33588/rn.7009.2020179

[19] Wollina, U., Karadag, A. S., Rowland-Payne, C., Chiriac, A.,
& Lotti, T. (2020). Cutaneous signs in COVID-19 patients: a
review. Dermatologic therapy, 33(5), e13549.
https://doi.org/10.1111/dth.13549

[20] Chang, W. T., Toh, H. S., Liao, C. T., & Yu, W. L. (2021).
Cardiac involvement of COVID-19: a comprehensive review.
The American Journal of the Medical Sciences, 361(1), 14-22.
https://doi.org/10.1016/j.amjms.2020.10.002

[21] Andalib, S., Biller, J., Di Napoli, M. et al (2021). Peripheral
nervous system manifestations associated with COVID-19.
Current neurology and neuroscience reports, 21(3), 1-14.
https://doi.org/10.1007/s11910-021-01102-5

[22] Kramer, D. B. & Zimetbaum, P. J. (2011). Long-QT syndrome.
Cardiology in review, 19(5), 217-225.
https://doi.org/10.1097/CRD.0b013e3182203504

[23] Brugada, R., Hong, K., Cordeiro, J. M., & Dumaine, R. (2005).
Short QT syndrome. CMAJ, 173(11), 1349-1354.
https://doi.org/10.1503/cmaj.050596

[24] Thakore, A., Nguyen, J.,, Pollack, S. et al. (2021).
Electrocardiographic manifestations of COVID-19: Effect on
cardiac activation and repolarization. EClinicalMedicine, 39,
101057. https://doi.org/10.1016/j.eclinm.2021.101057

[25] Goldenberg, 1., Zareba, W., & Moss, A. J. (2008). Long QT
syndrome. Current problems in cardiology, 33(11), 629-694.
https://doi.org/10.1016/j.cpcardiol.2008.07.002

[26] Changal, K., Paternite, D., Mack, S. et al. (2021). Coronavirus
disease 2019 (COVID-19) and QTc prolongation. BMC
cardiovascular disorders, 21(1), 1-8.
https://doi.org/10.1186/s12872-021-01963-1

[27] Gopinathannair, R., Merchant, F. M., Lakkireddy, D. R,
Etheridge, S. P., Feigofsky, S., Han, J. K., Kabra, R., Natale,
A., Poe, S., Saha, S. A., & Russo, A. M. (2020). COVID-19
and cardiac arrhythmias: a global perspective on arrhythmia
characteristics and management strategies. Journal of
Interventional Cardiac Electrophysiology, 59(2), 329-336.
https://doi.org/10.1007/s10840-020-00789-9

[28] Regan, W., O’Byrne, L., Stewart, K., Miller, O., Pushparajah,
K., Theocharis, P., Wong, J., & Rosenthal, E. (2021).
Electrocardiographic changes in children with multisystem
inflammation associated with COVID-19: associated with
coronavirus disease 2019. The Journal of pediatrics, 234, 27-
32. https://doi.org/10.1016/j.jpeds.2020.12.033

[29] Giustino, G., Croft, L. B., Stefanini, G. G. et al. (2020).
Characterization of myocardial injury in patients with COVID-
19. Journal of the American College of Cardiology, 76(18),
2043-2055. https://doi.org/10.1016/}.jacc.2020.08.069

[30] Guagliumi, G., Sonzogni, A., Pescetelli, 1., Pellegrini, D., &
Finn, A. V. (2020). Microthrombi and ST-segment—elevation
myocardial infarction in COVID-19. Circulation, 142(8), 804-
809. https://doi.org/10.1161/CIRCULATIONAHA.120.049294

[31] Carretta, D. M., Silva, A. M., D’Agostino, D. et al. (2021).
Cardiac Involvement in COVID-19 Patients: A Contemporary
Review. Infectious Disease Reports, 13(2), 494-517.
https://doi.org/10.3390/idr13020048

[32] Bidstrup, S., Olesen, M. S., Svendsen, J. H., & Nielsen, J. B.
(2013). Role of PR-interval in predicting the occurrence of
atrial fibrillation. Journal of atrial fibrillation, 6(4).

[33] Pavri, B. B., Kloo, J., Farzad, D., & Riley, J. M. (2020).
Behavior of the PR interval with increasing heart rate in
patients with COVID-19. Heart rhythm, 17(9), 1434-1438.
https://doi.org/10.1016/j.hrthm.2020.06.009

[34] Kaliyaperumal, D., Bhargavi, K., Ramaraju, K., Nair, K. S.,
Ramalingam, S., & Alagesan, M. (2022). Electrocardiographic
Changes in COVID-19 Patients: A Hospital-based Descriptive
Study. Indian Journal of Critical Care Medicine: Peer-
reviewed, Official Publication of Indian Society of Critical
Care Medicine, 26(1), 43.
https://doi.org/10.5005/jp-journals-10071-24045

[35] Sobahi, N., Sengur, A., Tan, R. S., & Acharya, U. R. (2022).
Attention-based 3D CNN with residual connections for
efficient ECG-based COVID-19 detection. Computers in
Biology and Medicine, 143, 105335.
https://doi.org/10.1016/j.compbiomed.2022.105335

[36] Sakr, A. S., Plawiak, P., Tadeusiewicz, R., Plawiak, J., Sakr,
M., & Hammad, M. (2023). ECG-COVID: An end-to-end deep
model based on electrocardiogram for COVID-19 detection.
Information Sciences, 619, 324-339.
https://doi.org/10.1016/j.ins.2022.11.069

[37] Nawaz, M., Nazir, T., Javed, A. et al. (2022). Efficient-
ECGNet framework for COVID-19 classification and
correlation prediction with the cardio disease through
electrocardiogram medical imaging. Frontiers in Medicine, 9.
https://doi.org/10.3389/fmed.2022.1005920

[38] Nguyen, T., Pham, H. H., Le, K. H., Nguyen, A. T., Thanh, T.,
& Do, C. (2022). Detecting COVID-19 from digitized ECG
printouts using 1D convolutional neural networks. PLoS
One, 17(11), €0277081.
https://doi.org/10.1371/journal.pone.0277081

[39] Attallah, O. (2022). ECG-BiCoNet: An ECG-based pipeline
for COVID-19 diagnosis using Bi-Layers of deep features
integration. Computers in biology and medicine, 142, 105210.
https://doi.org/10.1016/j.compbiomed.2022.105210

[40] Yanik, H., Degirmenci, E., & Yaman, S. (2022). Effects of
COVID 19 on Electrocardiographic Parameters. In /1"
International Medicine and Health Sciences Researches
Congress (UTSAK), 187-188. http://www.utsakcongress.com/
kitaplar/UTSAK 11 KIiTAP_OZET.pdf

Authors’ contacts:

Hiiseyin Yanik, PhD, Assist. Prof.

Department of Electrical and Electronics Engineering,
Faculty of Engineering, Mersin University,

Yenisehir, 33110, Mersin, Turkey
huseyinyanik@mersin.edu.tr

Selma Yaman, PhD, Assist. Prof.

Department of Biophysics,

Faculty of Medicine, Kahramanmaras Sutcu Imam University,
Kahramanmaras, Turkey

syaman@ksu.edu.tr

Evren Degirmenci, PhD, Assoc. Prof.
(Corresponding author)

Department of Electrical and Electronics Engineering,
Faculty of Engineering, Mersin University,

Yenisehir, 33110, Mersin, Turkey
evrendegirmenci@mersin.edu.tr

TEHNICKI GLASNIK 18, 1(2024), 1-7




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



