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Abstract

Short supraventricular tachycardias (S-SVTs) have been
associated with a higher risk of developing atrial fibrilla-
tion (AF). Hence, identification of participants with such
arrhythmias may increase the yield of AF screening. How-
ever, the lower signal quality of ECGs recorded using
handheld screening devices challenges the detection of S-
SVT. In the present work, a new method for detection of
S-SVT is presented, which is based on the requirement on
morphologic similarity between the detected beats. Specif-
ically, any episode with a sequence of beats of similar
morphology is considered as an S-SVT candidate while
any episode with detections of different morphology, ei-
ther due to signal disturbances or aberrant ectopic beats,
is excluded. For this purpose, a support vector machine
(SVM) was trained and validated, using a simulated ECG
database, to classify an episode as either consisting of
beats of similar or non-similar morphologies. Episodes
identified as S-SVT candidates are subject to two further
rhythm criteria in order to confirm the presence of an S-
SVT. The performance of the S-SVT detector is evaluated
using a subset of the StrokeStop I database (305 S-SVT out
of 8258), resulting in a sensitivity, specificity, and positive
predictive value of 88.8%, 92.0%, and 29.9%, respectively.
In conclusion, the results suggest that the detection of S-
SVT in AF screening can be done at an acceptable balance
between sensitivity and positive predictive value.

1. Introduction

Screening of AF, especially in the elderly population
with the highest AF prevalence, provides the opportunity
to identify patients with AF and initiate anticoagulation
treatment to reduce the risk of stroke. While the useful-
ness of AF screening depends on successful identification
of AF patients, its usefulness may be enhanced by identifi-
cation also of participants at risk of developing AF.

Several studies have demonstrated an increased risk of
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Figure 1. Three examples of ECGs recorded using a hand-
held device containing S-SVTs.

future AF for individuals with excessive supraventricu-
lar ectopic activity and atrial runs [[1-4]. Short episodes
of supraventricular arrhythmias have been associated with
a higher risk of developing AF in a 5-year follow-up
study [5]. In [S]], it was shown that different types of short
supraventricular ectopies including isolated supraventricu-
lar ectopic beats, bigeminy, trigeminy, and short runs (> 5s
and < 30s), were associated with a higher risk of AF de-
velopment, with the highest risk for irregular runs without
P waves. Such short runs, irrespective of irregularity and P
wave presence are here referred to as short supraventricu-
lar tachycardia/S-SVT [5]]. Specifically, an S-SVT is here
defined as episodes with at least 5 supraventricular beats
(4 RR intervals) within < 2400 ms [5]].

The presence of S-SVT is also associated with an in-
creased risk of undetected paroxysmal AF at the time of
screening [6]]. Therefore, the detection of S-SVT may en-
hance the usefulness of AF screening, e.g., by initiating
more frequent screening for this patient group.

Mass-screening of AF is typically done by means of
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handheld devices, which are used outside the clinical set-
ting, e.g., in the screening participants’ home. Hence, the
risk for noise and artifacts in the recorded ECGs are con-
siderably higher when compared to, e.g., a resting ECG.
In a previous work, its has been shown that identification
of a small percentage of AF cases in a screening database
results in a large manual review group of AF candidate sig-
nals [7]], where the main part consists of falsely detected
irregular thythms caused by falsely detected QRS com-
plexes, or correctly detected irregular but non-AF rhythms.
The shorter events that are targeted for detection, the lower
positive predictive value is expected.

In the present study, a two-stage approach for detection
of S-SVT is presented. First, all sequences of beats with
similar morphology are identified using an SVM, trained
using simulated signals generated by the ECG simulator
in [8]. The resulting episodes are subject to set of rhythm
criteria defining an S-SVT episodes. The performance of
the two-stage detector is evaluated using an annotated sub-
set of the screening database Strokestop I.

2. Databases

Two databases are used in the present study: a simulated
ECG database (SIM-DB) and a subset of the StrokeStop I
database (SSI-DB) [9]..

The simulated ECG database is generated using the
ECG simulator in [8]], which accounts for a varying level
of noise based on the MIT-BIH Noise Stress Test. A total
of 18,000 30-s ECGs were generated using the following
six noise levels: 30uV, 60V, 90uV, 300uV, 600uV,
900pV. For each noise level, 3,000 ECGs were gener-
ated. Note that the simulated signals do not contain S-
SVT episodes, as SIM-DB is only used to train the SVM
for identification of episodes with similar beat morphology
or non-similar beat morphologies, see Sec.[3.2]

The SSI-DB is a subset of the StrokeStop I database,
which is expert annotated with regard to the presence of S-
SVT. The SSI-DB contains 8258 recordings, of which 305
are annotated as ECGs containing S-SVT.

3. Methods

The proposed approach for detection of S-SVT consist
of the following steps: First, preprocessing and QRS detec-
tion are performed. Next, sequences of consecutive beats
with similar morphology within a recording are identified,
and finally, these are subject to a set of rhythm criteria in
order to confirm the presence of an S-SVT episode.

3.1.  Preprocessing and QRS detection

To suppress baseline wander and unwanted high fre-
quency content, a zero-phase 4-th order bandpass filter is

applied to the ECG signals. QRS detection is performed
using the built-in QRS detector in a commercial software
(Cardiolund AB, Lund, Sweden).

3.2. Identification of similar beat sequence

After preprocessing and QRS detection, sequences of
consecutive beats with similar morphology are identified.
The shortest possible S-SVT in this work is set to five con-
secutive beats, and therefore a sliding window of 5 detec-
tions produced by the QRS detector is used. Identification
of 5 consecutive beats with similar morphology is formu-
lated as a binary classification problem, where a sequence
is either classified as having similar or non-similar mor-
phologies. An SVM with a radial basis kernel is used as
classifier.

Based on the sliding window, an interval of [-150, +150]
ms around each detection produced by the QRS detector is
extracted, resulting in a detection ensemble of size 5x300
samples. Next, a corresponding residual ensemble is de-
fined, where a template within the detection ensemble is
selected, and subtracted from the other detections. The
template is selected as the beat detection resulting in the
lowest mean absolute residual value after subtraction from
the other beats. In this way, the most frequent morphology
within the ensemble is subtracted from the rest.

Four features are extracted from the residual ensemble:
The mean absolute value of the residuals, the mean of the
standard deviation of the residuals, the interquartile range,
and the difference between 99% and 1% percentiles. These
features reflect when a residual is larger than normal, e.g.,
due to a ventricular ectopic beat or a falsely detected dis-
turbance.

In order to train the SVM, episodes of 5 consecutive de-
tections are selected from SIM-DB where the noise level
could be controlled to cause falsely detected beats which
are expected to have a deviating morphology. In order to
label the training data, the ECGs in SIM-DB are subject
to QRS detection, where these detections are compared to
the QRS locations produced by the ECG simulator. If the
QRS detections and reference locations match, i.e., < 10
ms difference, the 5 consecutive beats are labeled as hav-
ing a similar morphology, and when the difference is > 75
ms, the episode is annotated as having non-similar mor-
phologies. Note that to ensure that the QRS detections and
annotations does not match due to concurrence of noise
and artefacts with sharp noisy spikes, the similar morphol-
ogy class is collected from the first three quality levels, i.e.,
30 uV, 60 1V, and 90 V.

3.3.  S-SVT rhythm criteria

After identification of sequences of 5 consecutive beats
with similar morphology, these episodes are subject to two
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Figure 2. Two examples of ECGs with noise and artefacts, resulting in 5 detections in < 2400 ms, which are identified

using the SVM and excluded from further processing.

rhythm criteria. The first criterion is associated with the
definition of S-SVT used in the present work, i.e., 5 con-
secutive beats appearing in < 2400 ms. The next criterion
accounts for the fact that such episodes should also in av-
erage display a significantly faster heart rate compared to
the rest of the recording. Therefore, to be identified as an
S-SVT, the median RR interval of the S-SVT should be
at least 10% lower than the median RR interval of the re-
maining RR intervals within the 30-s recording but outside
the S-SVT.

3.4. Performance evaluation

The performance of the proposed method is evaluated
in the following two ways: First, only the similar beat se-
quence identification performance is investigated, and sec-
ond, the entire S-SVT detection performance is analysed.
The performance is assessed by means of sensitivity (Se),
positive predictive value (PPV), and specificity (Sp), for
both cases.

4. Results

To select the SVM hyperparameters, i.e., C' and 7, 5-
fold cross validation was performed for SIM-DB. The re-
sulting Se, PPV, and Sp are 99.6, 99.4%, and 99.5%, re-
spectively. The final SVM model is trained on the entire
SIM-DB. Figure 2]shows two examples of recordings with
5 detections (including false detections due to noise) that
appear within < 2400 ms. When using the proposed step
to assess the morphologic similarity of the detections, such
episodes are excluded before the rhythm criteria are ap-
plied.

The trained S-SVT detector was applied to the SSI-DB
to investigate its performance for the detection of S-SV Ts.
For this database, the resulting performance is shown in
Table[1l

Table 1. S-SVT detection performance on SSI-DB

S-SVT detection performance Se (%) Sp (%) PPV (%)

88.8%  92.0 29.9

Discussion and conclusions

In the present work, a detector for S-SVT is introduced
and its performance is evaluated using a subset of the
StrokeStop I database. The proposed approach for the
detection of S-SVT is based on the assumption that only
a limited degree of morphologic variability is observed
within such episodes.

In the present work, a simulated ECG database was used
to create the two training categories of signals. While it
may be possible to use the publicly available datasets with
annotated beats to generate the training data, using a sim-
ulator provide control over the similarity of the beat mor-
phologies.

The investigated problem could have been addressed
using a signal quality assessment approach for exclusion
of noisy segments combined with a heart beat classifier
for identification and exclusion of aberrant ectopic beats.
Here, the two mentioned stages are addressed using the
SVM which identifies S-SVT candidate sequences that dis-
play similar beat morphology for further rhythm assess-
ment. Notably, the proposed approach is independent of
heart rate, thythm regularity, and the individual heart beat
morphology of the subjects, as only 300 ms around each
detection is considered and as the proposed method only
deals with differences between detections, i.e., residuals.

Future work is aimed at improving the presented ap-
proach and evaluate the performance on a larger AF
screening database.

Page 3



Acknowledgments

This research was supported by the European Union’s [6]
Horizon 2020 research and innovation programme under
the Marie Sklodowska-Curie grant agreement No. 766082
(MY-ATRIA project).

References 7]

[1] Binici Z, Intzilakis T, Nielsen OW, Kgber L, Sajadieh A. Ex-

cessive supraventricular ectopic activity and increased risk of

atrial fibrillation and stroke. Circulation 2010;121(17):1904— 8
1911.

Larsen BS, Kumarathurai P, Falkenberg J, Nielsen OW, Sa-

jadieh. A. Excessive atrial ectopy and short atrial runs
increase the risk of stroke beyond incident atrial fibrilla-

tion. 2015 Journal of the American College of Cardiology;
66(3):232-241. 1
Murakoshi N, Xu D, Sairenchi T, Igarashi M, Irie F,
Tomizawa T, Tada H, Sekiguchi Y, Yamagishi K, Iso H, Ya-
maguchi I. Prognostic impact of supraventricular premature
complexes in community-based health checkups: the ibaraki
prefectural health study. European heart journal 36;3(170-

178).

—_—

2

—

3

—

[4

—

Engstrom G. Irregularity and lack of p waves in short tachy-
cardia episodes predict atrial fibrillation and ischemic stroke.
Heart rhythm 2018;15(6):805-811.

[5]1 Hygrell T, Stridh M, Friberg L, Svennberg E. Prognostic

Page 4

implications of supraventricular arrhythmias. The American
journal of cardiology 2021;151:57-63.

Fredriksson T, Gudmundsdottir KK, Frykman V, Friberg L,
Al-Khalili F, Engdahl J, Svennberg E. Brief episodes of rapid
irregular atrial activity (micro-af) are a risk marker for atrial
fibrillation: a prospective cohort study. BMC cardiovascular
disorders 2020;20(1):167.

Svennberg E, Stridh M, Engdahl J, Al-Khalili F, Friberg L,
Frykman V, Rosenqvist M. Safe automatic one-lead elec-
trocardiogram analysis in screening for atrial fibrillation. EP
Europace 10 2016;19(9):1449-1453. ISSN 1099-5129. URL
https://doi.org/10.1093/europace/euw286.
Petrenas A, Marozas V, SoloSenko A, Kubilius R,
Skibarkiene J, Oster J, Sornmo L. Electrocardiogram mod-
eling during paroxysmal atrial fibrillation: application to
the detection of brief episodes. Physiological measurement
2017;38(11):2058-2080.

Svennberg E, Engdahl J, Al-Khalili F, Friberg L, Fryk-
man V, Rosenqvist M. Mass screening for untreated atrial
fibrillation: The strokestop study. Circulation Jun 2015;
131(25):2176-2184. ISSN 1524-4539 (Electronic); 0009-
7322 (Linking).

Johnson L, Persson A, Wollmer P, Juul-Moller S, Juhlin T, Address for correspondence:

Hesam Halvaei

Department of Biomedical Engineering, Lund University, Lund,
Sweden

hesam.halvaei@bme.lth.se


https://doi.org/10.1093/europace/euw286

	Introduction
	Databases
	Methods
	Preprocessing and QRS detection
	Identification of similar beat sequence
	S-SVT rhythm criteria
	Performance evaluation

	Results
	Discussion and conclusions

