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QRS Template Matching for Recognition of Ventricular Ectopic Beats

VESSELA KRASTEVA and IRENA JEKOVA

Centre of Biomedical Engineering, Bulgarian Academy of Sciences, Acad. G. Bonchev str. bl.105, 1113 Sofia, Bulgaria

(Received 12 February 2007, accepted 8 August 2007, published online 1 September 2007 )

Abstract—We propose a quasi real-time method for discrim-
ination of ventricular ectopic beats from both supraventric-
ular and paced beats in the electrocardiogram (ECG). The
heartbeat waveforms were evaluated within a fixed-length
window around the fiducial points (100 ms before, 450 ms
after). Our algorithm was designed to operate with minimal
expert intervention and we define that the operator is
required only to initially select up to three ‘normal’ heart-
beats (the most frequently seen supraventricular or paced
complexes). These were named original QRS templates and
their copies were substituted continuously throughout the
ECG analysis to capture slight variations in the heartbeat
waveforms of the patient’s sustained rhythm. The method is
based on matching of the evaluated heartbeat with the QRS
templates by a complex set of ECG descriptors, including
maximal cross-correlation, area difference and frequency
spectrum difference. Temporal features were added by
analyzing the R-R intervals. The classification criteria were
trained by statistical assessment of the ECG descriptors
calculated for all heartbeats in MIT-BIH Supraventricular
Arrhythmia Database. The performance of the classifiers was
tested on the independent MIT-BIH Arrhythmia Database.
The achieved unbiased accuracy is represented by sensitivity
of 98.4% and specificity of 98.86%, both being competitive
to other published studies. The provided computationally
efficient techniques enable the fast post-recording analysis of
lengthy Holter-monitor ECG recordings, as well as they can
serve as a quasi real-time detection method embedded into
surface ECG monitors.

Keywords—Beat classification, Premature ventricular
contractions PVC, Time-frequency ECG analysis, Cross-
correlation, QRS morphology, ECG Holters, ECG diagnos-
tic systems.

INTRODUCTION

The appearance of ventricular ectopic beats in the
electrocardiogram (ECG) is a sign for disturbance in
the depolarization process, disorganizing the blood
pumping function of the ventricles and preceding in

Address correspondence to Vessela Krasteva, Centre of Bio-
medical Engineering, Bulgarian Academy of Sciences, Acad. G.
Bonchev str. bl.105, 1113 Sofia, Bulgaria. Electronic mail: vessika@
clbme.bas.bg

many cases malignant cardiac arrhythmias.'® Long-
term (24 h) ECG recordings, usually collected by
Holter devices, are needed for identification of
abnormal heartbeats and their manual editing is very
time consuming. In the last decades, the application of
mathematical models and statistical analyses for better
interpretation of the physiologic cardiac events has
offered many advantageous solutions for fast auto-
matic recognition of ventricular ectopic beats. In
respect to this, some of the most popular methods are
based on assessment of the QRS complex as the most
characteristic wave in ECG. Classical techniques
extract heuristic ECG descriptors, such as the QRS
morphology®*'* and interbeat R-R intervals.*'” Other
ECG descriptors rely on QRS frequency components
calculated either by Fourier transform'® or by com-
putationally efficient algorithms with filter banks."
More sophisticated methods apply QRS template-
matching procedures, based on different transforms,
e.g., Karhunen-Lo¢ve transform,>!'®> Hermite func-
tions,”® wavelet transform'® and Matching Pursuits,”
to approximate the variety of temporal and frequency
characteristics of the QRS complex waveforms. Other
techniques for computerized arrhythmia detection
employ cross-correlation with predefined ECG tem-
plates to identify markers for the individual wave
components in one cardiac cycle,” and for extrasystole
rejection and location of fiducial points intended for
signal averaging applications.! Although, some of the
cited studies have proved the individual advantage of
using ECG templates based mainly on sophisticated
mathematical transforms, while other studies have
emphasized the particular benefit of a number of
heuristic QRS features, we still miss a complex study
for fast and reliable heartbeat classification which
integrates a simplified QRS template-matching tech-
nique with some informative heuristic QRS features.
It is the aim of the current study to investigate the
potential of the QRS template matching for recognition
of ventricular ectopic beats by extraction of a complex
set of ECG descriptors, including cross-correlation,
morphological, frequency, and temporal characteristics
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Abstract

The most common way to diagnose cardiac dysfunctions is the ECG signal analysis, usually starting with the assessment of the QRS
complex as the most significant wave in the electrocardiogram. Many methods for automatic heartbeats classification have been applied and
reported in the literature but the use of different ECG features and the training and testing on different datasets, makes their direct comparison
questionable. This paper presents a comparative study of the learning capacity and the classification abilities of four classification methods —
Kth nearest neighbour rule, neural networks, discriminant analysis and fuzzy logic. They were applied on 26 morphological parameters, which
include information of amplitude, area, interval durations and the QRS vector in a VCG plane and were tested for five types of ventricular
complexes — normal heart beats, premature ventricular contractions, left and right bundled branch blocks, and paced beats.

One global, one basic and two local learning sets were used. A small-sized learning set, containing the five types of QRS complexes
collected from all patients in the MIT-BIH database, was used either with or without applying the leave one out rule, thus representing the
global and the basic learning set, respectively. The local learning sets consisted of heartbeats only from the tested patient, which were taken
either consecutively or randomly.

Using the local learning sets the assessed methods achieved high accuracies, while the small size of the basic learning set was balanced by

reduced classification ability. Expectedly, the worst results were obtained with the global learning set.

© 2007 IPEM. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The most common way to study and diagnose cardiac dys-
functions is the ECG signal analysis usually starting with
the assessment of the QRS complex as the most significant
wave in the electrocardiogram. The normal ventricular com-
plexes (N) are provoked by the sinus node and are related
with regular conduction path through the ventricles, which
assures their normal narrow waveform. The existence of
ectopic centers, as well as, some blocked regions in the
ventricles, changes the path of propagation of the activa-
tion front and leads to generation of QRS complexes with
wide and bizarre waveforms related to premature ventric-

* Corresponding author at: Acad. G. Bonchev Str. bl. 105, 1113 Sofia,
Bulgaria. Tel.: +359 2 979 3631; fax: +359 2 723787.
E-mail address: irena@clbme.bas.bg (I. Jekova).

ular contractions (PVC) and left and right bundle branch
blocks (LBBB, RBBB). Another type of ventricular com-
plexes, which feature with a particular QRS behavior are the
heartbeats provoked by pacemaker —the so-called paced beats
(PB). The automatic detection and classification of ventric-
ular beats considerably facilitates the analyses of long-term
ECG Holter recordings. Therefore, the accuracy of the auto-
matic heartbeat classification software is of great importance
for the precise cardiac dysfunctions diagnosis. It depends on
three basic factors — the used heartbeat feature set, the applied
classification method and the organization of the training
strategy.

Recently, a study compared the adequacy of morphologi-
cal and time-frequency ECG descriptors for classification of
the QRS complexes in five heartbeat classes [1]. An attempt
to estimate the influence of the applied classifier and the used
learning set on the classification accuracy was performed in

1350-4533/$ — see front matter © 2007 IPEM. Published by Elsevier Ltd. All rights reserved.
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KEYWORDS Summary The efficiency of a pulsed biphasic waveform (PBW) was compared with that of
Automated external biphasic truncated exponential (BTE) waveforms. First defibrillation shock outcome was stud-
defibrillator: ied in a population of 104 out-of-hospital cardiac arrest patients in ventricular fibrillation as the
VermirieulEr presenting rhythm. The call to first shock time was 8.2 + 5.4 min. At 5s post-shock, defibrillation
fibrillation; efficiency was 90%. The arrest was witnessed in only 50% of the patients and only 5% received

bystander CPR. Despite these limitations 38% of the patients achieved restoration of a sponta-
neous circulation at departure from scene and 9.8% were discharged from the hospital. These
observations demonstrate a rate of first shock success in termination of ventricular fibrillation
comparable to that reported with biphasic truncated exponential waveforms in out-of-hospital
cardiac arrest.

© 2007 Elsevier Ireland Ltd. All rights reserved.
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Introduction

A relatively small number of patients survive out-of-hospital
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cardiac arrest (OHCA), with survival from ventricular fib-
rillation (VF) varying from 14 to 46%."* In most studies,
witnessed arrest, bystander CPR and call to first shock time
have been major determinants of survival."~” White et al.
have confirmed the importance of short call to first shock
times as a determinant of both restoration of sustained spon-

0300-9572/$ — see front matter © 2007 Elsevier Ireland Ltd. All rights reserved.
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Abstract

This paper presents a bench study on a commercial automated external
defibrillator (AED). The objective was to evaluate the performance of the
defibrillation advisory system and its robustness against electromagnetic
interferences (EMI) with central frequencies of 16.7, 50 and 60 Hz. The
shock advisory system uses two 50 and 60 Hz band-pass filters, an adaptive
filter to identify and suppress 16.7 Hz interference, and a software technique
for arrhythmia analysis based on morphology and frequency ECG parameters.
The testing process includes noise-free ECG strips from the internationally
recognized MIT-VFDB ECG database that were superimposed with simulated
EMI artifacts and supplied to the shock advisory system embedded in a real
AED. Measurements under special consideration of the allowed variation of
EMI frequency (15.7-17.4,47-52, 58—62 Hz) and amplitude (1 and 8 mV) were
performed to optimize external validity. The accuracy was reported using the
American Heart Association (AHA) recommendations for arrhythmia analysis
performance. In the case of artifact-free signals, the AHA performance goals
were exceeded for both sensitivity and specificity: 99% for ventricular
fibrillation (VF), 98% for rapid ventricular tachycardia (VT), 90% for slow
VT, 100% for normal sinus rhythm, 100% for asystole and 99% for other
non-shockable rhythms. In the presence of EMI, the specificity for some
non-shockable rhythms (NSR, N) may be affected in some specific cases of
a low signal-to-noise ratio and extreme frequencies, leading to a drop in the
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specificity with no more than 7% point. The specificity for asystole and
the sensitivity for VF and rapid VT in the presence of any kind of 16.7,
50 or 60 Hz EMI simulated artifact were shown to reach the equivalence of
sensitivity required for non-noisy signals. In conclusion, we proved that the
shock advisory system working in a real AED operates accurately according to
the AHA recommendations without artifacts and in the presence of EMI. The
results may be affected for specificity in the case of a low signal-to-noise ratio
or in some extreme frequency setting.

Keywords: ECG signals, recognition of shockable and non-shockable
rhythms, VF detection, robustness against EMI, automated external
defibrillators

Introduction

Automated external defibrillators (AEDs) are designed to provide life-saving shocks within the
first decisive minutes after cardiac arrest. The possible absence of any medical professionals
in an out-of-hospital setting requires not only the best ease-of-use (Eames et al 2003), but also
a high accuracy for arrhythmia recognition for the underlying shock decision of the device
(Kerber et al 1997).

Artifacts caused by electromagnetic interference (EMI) are known to reduce the ECG-
signal quality and impair proper analysis. The identified possible sources of EMI in the
out-of-hospital setting are (i) high-voltage power lines and transformers, operating with the
mains frequencies of 50 or 60 Hz, and (ii) power lines and generators for the railway networks
in several countries with a frequency of 16.7 Hz (Commission decision 2002/733/EC, Kanz
et al 2004). Strong EMI may overlap with the ECG (Schlimp er al 2004, 2007), and probable
errors in the rhythm analysis may lead to inappropriate shock decisions.

Although the study of Stolzenberg et al (2002) did not encounter any significant errors in
the ECG analysis of AEDs, some authors have reported a reduced performance of commercial
AEDs, which caused false positive shock decisions in the presence of sinus rhythms in humans
(Fleischhackl et al 2006) or false negative decisions that prevented the delivery of a necessary
shock on shockable rhythms in simulators (Kanz er al 2004). A complete validation of the
arrhythmia recognition (AR) algorithm for robustness against the influence of environmental
EMI is needed, since the systematic measurements of AR accuracy with a variety of ECG
recordings that reproduce real-life conditions in the presence of EMI artifacts are missing.

In light of this, the objective of our study was to evaluate the performance of a defibrillation
advisory system working in a real AED and its robustness against EMI with central frequencies
of 16.7, 50 and 60 Hz. The tests followed the American Heart Association (AHA)
recommendations for reporting the AR performance (Kerber et al 1997) by using noise-free
ECG strips from the internationally recognized MIT-VFDB ECG database. Additionally, they
were superimposed with simulated EMI artifacts. Measurements under special consideration
of the allowed variation of frequency (Commission decision 2002/733/EC) were performed to
optimize external validity.

Material and methods

This observational prospective simulation study took place in the Schiller Laboratories,
Wissembourg, France.
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Abstract—Minimum **hands-off™ intervals during cardiopul-
monary resuscitation (CPR) are required to improve the
success rate of defibrillation. In support of such life-saving
practice, a shock advisory system (SAS) for automatic
analysis of the electrocardiogram (ECG) contaminated by
chest compression (CC) artefacts is presented. Ease of use for
the automated external defibrillators (AEDs) 15 aimed and
therefore only processing of ECG from usual defibrillation
pads is required. The proposed SAS relies on assessment of
outstanding components of ECG rhythms and CC artefacts in
the time and frequency domain. For this purpose, three
criteria are introduced to derive quantitative measures of
band-pass filtered CC-contammnated ECGs, combined with
three more criteria for frequency-band evaluation of recon-
structed ECGs (rECG). The rECGs are derived by specific
techniques for CC waves similarity assessment and are
reproducing to some extent the underlying ECG rhythms.
The rhythm classifier embedded in SAS takes a probahilistic
decision designed by statistics on the training dataset. Both
training and testing are fully performed on real CC-contam-
inated strips of 10 s extracted from human ECGs of out-of-
hospital cardiac arrest interventions. The testing is done on
172 shockable strips (ventricular fibrillations VF), 371 non-
shockable strips (NR) and 330 asystoles (ASYS). The
achieved sensitivity of 90.1% meets the AHA performance
goal for noise-free VF (= 9%0%). The specificity of 88.5% for
NR and 83.3% for ASYS are comparable or even better than
accuracy reported in literature. It is important to note that,
the aim of this SAS is not to recommend shock delivery but to
advice the rescuers to “Continue CPR™ or to “Stop CPR and
Prepare for Shock™ thus minimizing “hands-off™ intervals.

Keywords—Early defibrillation, Out-of-hospital cardiac

INTRODUCTION

Shghtly less than half of the sudden cardiac arrests
begin with ventricular fibrillation (VF).>** In such
cases, an mmmediate defibrillation 1s recommended
since each minute delay reduces the probability of
patient survival by 10%.***% Cardiopulmonary resus-
citation (CPR) has been advised as the best treatment
for out-of-hospital cardiac arrests (OHCA) untl the
arrival of an automated external defibrillator (AED).'®
The CPR contributes to the sustained cerebro-vascular
function by preserving a level of oxygen supply to the
brain, vital organs and importantly the heart. The
latter prevents myocardial ischemia, and VF from
deteriorating to asystole, and thus increases the prob-
ability of a successful defibrillation.” Longer com-
pression periods with minimal “hands-off”” time may
even increase the rate of restoring the spontaneous
circulation.'*'*?* This fact is supported by the recent
Amencan Heart Association (AHA) Guidelnes 2008
* promoting “hands-only™ CPR.

The mechanical activity of chest compressions (CC)
dunng CPR induces large artefact components into
the electrocardiogram (ECG) acquired via the defi-
brillation pads.” The superposition of ECG and CC
artefacts often resembles ventricular fibrillation/
tachycardia (VF/VT),! resulting in both specificity (Sp)
and sensitivity (Se) reduction of AED shock advisory
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Abstract

This study aims to contribute to the scarce data available about the abilities of
untrained lay persons to perform hands-only cardio-pulmonary resuscitation
(CPR) on a manikin and the improvement of their skills during training with
an autonomous CPR feedback device. The study focuses on the following
questions: (i) Is there a need for such a CPR training device? (ii) How
adequate are the embedded visual feedback and audio guidance for training of
lay persons who learn and correct themselves in real time without instructor
guidance? (iii) What is the achieved effect of only 3 min of training? This is
a prospective study in which 63 lay persons (volunteers) received a debriefing
to basic life support and then performed two consecutive 3 min trials of
hands-only CPR on a manikin. The pre-training skills of the lay persons
were tested in trial 1. The training process with audio guidance and visual
feedback from a cardio compression control device (CC-Device) was recorded
in trial 2. After initial debriefing for correct chest compressions (CC) with rate
85-115 min~!, depth 3.8-5.4 cm and complete recoil, in trial 1 the lay persons
were able to perform CC without feedback at mean rate 95.9 £+ 18.9 min—!,
mean depth 4.13 £+ 1.5 cm, with low proportions of ‘correct depth’, ‘correct
rate’ and ‘correct recoil’ at 33%, 43%, 87%, resulting in the scarce proportion
of 14% for compressions, which simultaneously fulfill the three quality criteria
(‘correct all’). In trial 2, the training process by the CC-Device was established
by the significant improvement of the CC skills until the 60th second of training,
when ‘correct depth’, ‘correct rate’ and ‘correct recoil’ attained the plateau of
the highest quality at 82%, 90%, 96%, respectively, resulting in 73% ‘correct
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all’ compressions within 3 min of training. The training was associated
with reduced variance of the mean rate 102.4 & 4.7 min~—! and mean depth
4.3 £ 0.4 cm, indicating a steady CC performance achieved among all trained
participants. Multivariable linear regression showed that the compression
depth, rate and complete chest recoil did not strongly depend on lay person
age, gender, height, weight in pre-training and training stage (correlation
coefficient below 0.54). The study confirmed the need for developing CPR
abilities in untrained lay persons via training by real-time feedback from the
instructor or CC-Device. The CC-Device embedded feedback was shown to be
comprehensible and easy to be followed and interpreted. The high quality of
the CC-Device-assisted training process of lay persons was confirmed. Thus
learning or refresher courses in basic life support could be organized for more
people trained at the same time with fewer instructors needed only for the initial
debriefing and presentation of the CC-Device.

Keywords: cardio-pulmonary resuscitation (CPR), CPR quality, depth, rate,
recoil of chest compressions, basic life support, training

1. Introduction

Since the early 1960s, cardio-pulmonary resuscitation (CPR) has been introduced as a life-
saving first aid in case of sudden cardiac death (Ad Hoc Committee on Cardiopulmonary
Resuscitation 1966). Many conditions have been documented to provide survival benefits
from CPR.

A crucial factor is the quality of chest compressions (CC) for which the American Heart
Association (AHA 2005) Guidelines for CPR states (i) optimal CC depth of 1.5-2 inches; (ii)
optimal CC rate of about 100 compressions min™'; (iii) complete chest recoil by relieving all
pressure from the chest after each compression. All these CC variables assist the proper CPR
hemodynamics that maintains the optimal coronary artery perfusion pressure (Wesley 2006).

Another benefit for improved outcome in out-of-hospital cardiac arrest (OHCA) victims is
the early bystander CPR not delaying the treatment until the arrival of the emergency medical
services (EMS) and the defibrillator (Bossaert and Van Hoeyweghen 1989). Although the
long-term survival (to hospital discharge or up to 1 month after OHCA) is reported to be
limited (Van Hoeyweghen et al 1993, Wik et al 1994, Gallagher et al 1995, Herlitz et al
2005)—0.8-7% for no bystander CPR, 1-6.2% for inadequate bystander CPR, 4.6-23% for
high-quality bystander CPR—the odds ratios of survival reported between 1.7 and 23 prove
significant benefit of high-quality bystander CPR from trained lay persons or professionals
compared to bad quality CPR from untrained lay persons. In Van Hoeyweghen et al (1993), a
significant effect on survival was not found when comparing incorrect CPR and no bystander
CPR.

The review of the results reported for the quality of prehospital CPR (Bossaert and Van
Hoeyweghen 1989, Van Hoeyweghen et al 1993, Wik et al 1994, Gallagher et al 1995, Ko et al
2005) reveals 16-71% bad quality of bystander CPR by both EMS providers and lay people.
Also, in-hospital studies of healthcare professionals (hospital nurses and doctors) indicate
poor CPR quality, including too slow CC rates in 28—-69% (Abella et al 2005a, 2005b) and too
shallow CC in 37% (Abella et al 2005a), both resulting in low coronary perfusion pressures
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ABSTRACT

Aims: Shortening hands-off intervals can improve benefits from defibrillation. This study presents the per-
formance of a shock advisory system (SAS), which aims to decrease the pre-shock pauses by triggering fast
rhythm analysis at minimal delay after end of chest compressions (CC).
Methods: The SAS is evaluated on a database of 1301 samples from 311 out-of-hospital cardiac arrests (OHCA)
from automated external defibrillators (AEDs). The following rhythms are identified: 788 asystoles (ASYS), 20
normal sinus rhythms (NSR), 394 other non-shockable rythms (ONS), 81 ventricular fibrillations (VF), 18 rapid
ventricular tachycardias (VThi). SAS is launched in two-stages: first stage for accurate detection of actual end
of CC (REoCC); second stage for early “Shock”[“No-Shock™ decision by using all available artifact-free ECG
signals after REoCC during 3,5,7 s.
Results: Performance of the presented SAS versus AEDs is compared. The median hands-off time gained from
earlier starting of ECG analysis is 5.8 s and for earlier shock advice is 12.5 s to 8.5 s when SAS rhythm analysis
lasts 3 sto 7 s. The SAS accuracy at 3-7 s is: specificity 97.7-98.9%(ASYS), 100-100% (NSR), 98.5-99.2% (ONS);
sensitivity 91.4-98.8% (VF), 88.9-96.7% (VThi).
Conclusion: This study indicates that shortening the pre-shock hands-off pause by more efficient management
of the SAS process in AEDs is possible. For analysis duration of 5 s (7 s), the delay between the end of chest
compressions and the shock advice can be reduced by 10.5 s (8.5 s) median, while AHA requirements for
rhythm detection accuracy are met. The use of this solution in AEDs could provide more reliable rhythm
analysis than methods applying filtering techniques during CC.

© 2011 Elsevier Ireland Ltd. All rights reserved.
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Abstract

This paper presents a system for detection of the most common noise types seen
on the electrocardiogram (ECG) in order to evaluate whether an episode from
12-lead ECG is reliable for diagnosis. It implements criteria for estimation
of the noise corruption level in specific frequency bands, aiming to identify
the main sources of ECG quality disruption, such as missing signal or limited
dynamics of the QRS components above 4 Hz; presence of high amplitude and
steep artifacts seen above 1 Hz; baseline drift estimated at frequencies below
1 Hz; power-line interference in a band =+ 2 Hz around its central frequency;
high-frequency and electromyographic noises above 20 Hz. All noise tests
are designed to process the ECG series in the time domain, including 13
adjustable thresholds for amplitude and slope criteria which are evaluated in
adjustable time intervals, as well as number of leads. The system allows flexible
extension toward application-specific requirements for the noise levels in
acceptable quality ECGs. Training of different thresholds’ settings to determine
different positive noise detection rates is performed with the annotated set
of 1000 ECGs from the PhysioNet database created for the Computing in
Cardiology Challenge 2011. Two implementations are highlighted on the
receiver operating characteristic (area 0.968) to fit to different applications.
The implementation with high sensitivity (Se = 98.7%, Sp = 80.9%) appears
as a reliable alarm when there are any incidental problems with the ECG
acquisition, while the implementation with high specificity (Sp = 97.8%,
Se = 81.8%) is less susceptible to transient problems but rather validates
noisy ECGs with acceptable quality during a small portion of the recording.

3 Author to whom any correspondence should be addressed.
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Abstract

In the present work an attempt is made to evaluate objectively the ven-
tilated patients’ condition from the monitored parameters (standard physio-
logical parameters, parameters of the ventilation and respiratory mechanics,
parameters of the gas exchange and energy expenditure) in order to determine
their readiness for weaning from mechanical ventilation support. This research
is a step in improving the care for ventilated patients in order to decrease the
period of ventilation support. In the Central Intensive Care Unit, University
Emergency Hospital “N. I. Pirogov” an investigation is conducted, with stages
described in detail in the paper. A generalized model represents these phases.
The decision criteria and the results of their application are evaluated by the
so-constructed generalized net and a validity score is updated for each rule to
be used in further considerations. The accuracy of the predictive rules has been
estimated by calculating the sensitivity, specificity, the positive- and negative
predictive value. Due to the relatively small number of patients, the developed
GN-model will be refined in the course of the continuing investigation at the
Central Intensive Care Unit, University Emergency Hospital “N. I. Pirogov”.

Key words: generalized nets, weaning from mechanical ventilation, de-
cision criteria

1. Introduction. The mechanical ventilation support is life-saving for the
critically ill. The per cent of patients who undergo breathing support in inten-
sive care units is significant — up to 90% of all entering patients. At the same
time they account for 37% of the cost of the intensive care treatment. With the
fading of the causes leading to ventilation support, it can be ended relatively

This work is partially supported by the National Science Fund of Bulgaria under grants No
DTK 02/48 — “System for Computer Aid of the Decisions for Weaning Critically Ill Ventilator
Dependent from Mechanical Ventilation”.
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Abstract

This study presents a 2-stage heartbeat classifier of supraventricular (SVB) and ventricular
(VB) beats. Stage 1 makes computationally-efficient classification of SVB-beats, using sim-
ple correlation threshold criterion for finding close match with a predominant normal (refer-
ence) beat template. The non-matched beats are next subjected to measurement of 20
basic features, tracking the beat and reference template morphology and RR-variability for
subsequent refined classification in SVB or VB-class by Stage 2. Four linear classifiers are
compared: cluster, fuzzy, linear discriminant analysis (LDA) and classification tree (CT), all
subjected to iterative training for selection of the optimal feature space among extended
210-sized set, embodying interactive second-order effects between 20 independent fea-
tures. The optimization process minimizes at equal weight the false positives in SVB-class
and false negatives in VB-class. The training with European ST-T, AHA, MIT-BIH Supra-
ventricular Arrhythmia databases found the best performance settings of all classification
models: Cluster (30 features), Fuzzy (72 features), LDA (142 coefficients), CT (221 decision
nodes) with top-3 best scored features: normalized current RR-interval, higher/lower fre-
quency content ratio, beat-to-template correlation. Unbiased test-validation with MIT-BIH
Arrhythmia database rates the classifiers in descending order of their specificity for SVB-
class: CT (99.9%), LDA (99.6%), Cluster (99.5%), Fuzzy (99.4%); sensitivity for ventricular
ectopic beats as part from VB-class (commonly reported in published beat-classification
studies): CT (96.7%), Fuzzy (94.4%), LDA (94.2%), Cluster (92.4%); positive predictivity:
CT (99.2%), Cluster (93.6%), LDA (93.0%), Fuzzy (92.4%). CT has superior accuracy by
0.3-6.8% points, with the advantage for easy model complexity configuration by pruning
the tree consisted of easy interpretable ‘if-then’ rules.
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Abstract

The reliability of automatic person authentication has become critical, con-
sidering the necessary security for the cases of financial transactions, access con-
trol, travelling, etc. The traditional means for identity validation (PIN codes,
passwords, etc.), as well as physiological and behavioural biometric character-
istics (fingerprint, iris, speech, etc.) are susceptible to hacker attacks and/or
falsification.

The aim of this paper is to present a method for person verification and
identification based on correlation of present-to-previous limb ECG leads I
(rI) and II (rII) and the calculated from them first principal ECG compo-
nent (rPCA). For the verification task, the one-to-one scenario is applied and
threshold values for the rl, rII and rPCA are derived. The identification task
supposes one-to-many scenario and the tested subject is identified according to
the maximal correlation with a previously recorded ECG in a database.

The reliability of the method is estimated by applying it over separated
in time ECG signals of healthy persons. The best verification sensitivity of
100%, obtained using lead II is combined with 21.4% erroneous verification

This study is supported by the Bulgarian NSF, Grant No T02/11.
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rate. The best verification specificity of 92.3%, obtained using the first principal
component is combined with 21.4% erroneous rejection rate. Both peripheral
leads provide identification accuracy of 85.7%. Depending on the exact task
that has to be solved, one can decide about the used correlation coefficient,
their threshold values and possible combinations.

Key words: electrocardiogram (ECG), person identification, validation

Introduction. The reliability of automatic person authentication has be-
come critical in our life, considering the necessary security for the cases of financial
transactions, access control, travelling, etc. The traditional means for identity
validation, such as PIN codes, passwords and identity cards, are susceptible to
hacker attacks and falsification. In the past few decades, identification based on
physiological and behavioural biometric characteristics, such as fingerprint, iris,
speech, etc., were proposed. However, these biometrics could be easily circum-
vented, e.g. by using prosthetic finger or iris [!] or voice playback. Considering
these drawbacks, recently the efforts have been concentrated on the development
of biometric characteristics of next generation that are internal to the human’s
body and therefore are robust to the above discussed attacks.

The analysis of the electrocardiogram (ECG) as a biometric tool presented
two general approaches: (i) methods that use measurements after detection of
fiducial points and (ii) analyzes of the overall ECG morphology. The fiducial
based approaches had been applied since the very beginning. One of the earliest
studies that demonstrated the feasibility of ECG signals for biometrics involved
12 uncorrelated clinical diagnosis features related with P, QRS, T amplitudes
and durations [?]. The interpretation of the similarities/differences between indi-
viduals’ heartbeats was performed by principle component analysis (PCA) score
plots. The authors achieved classification rate of 100% using 10 of the features.
Individual recognition based on 15 temporal features describing the P-QRS-T
segment which were fed into a set of discriminant functions was described in [3].
This group reported accuracy for the individual classification between 97% and
100%. In [%], two-step detection was introduced. It incorporates temporal and
amplitude measurements based on fiducial points detection and appearance based
features that capture the patterns of the heartbeats. The authors achieved 100%
subject identification based on this combined approach.

The methods incorporating time and amplitude characteristics of the heart-
beats strongly rely on the correct localization of wave boundaries within the P-
QRS-T segment. Therefore, in order to reduce the rejection rate, perfect heart-
beat synchronization is required for biometric purposes [°]. For that reason,
fiducial independent approaches appeared after 2006. Great part of the proposed
methods were based on calculation of correlation coefficients, including autocor-
relation (AC) of 5s ECG segments further processed by discriminant analysis,
which provides 96.4% accuracy [°]; AC of windowed ECG, followed by discrete
cosine transform (DCT) [6] with reported 100% accuracy; maximal correlation

498 1. Jekova



IOP Publishing | Institute of Physics and Engineering in Medicine Physiological Measurement

Physiol. Meas. 37 (2016) 1273-1297 doi:10.1088/0967-3334/37/8/1273

Real-time arrhythmia detection with
supplementary ECG quality and pulse wave
monitoring for the reduction of false alarms
in ICUs

Vessela Krasteva!, Irena Jekova', Remo Leber?,
Ramun Schmid? and Roger Abicherli>?

! Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of
Sciences, Acad G Bonchev Str. Bl 105, 1113 Sofia, Bulgaria

2 Research and Signal Processing, Schiller AG, Altgasse 68, CH-6341 Baar, Switzerland
3 Cardiovascular Research Institute Basel (CRIB), University Hospital Basel,
Spitalstrasse 2, CH-4056 Basel, Switzerland

E-mail: vessika@biomed.bas.bg

Received 24 February 2016, revised 13 May 2016
Accepted for publication 19 May 2016 @
Published 25 July 2016

CrossMark
Abstract
False intensive care unit (ICU) alarms induce stress in both patients and
clinical staff and decrease the quality of care, thus significantly increasing
both the hospital recovery time and rehospitalization rates. In the PhysioNet/
CinC Challenge 2015 for reducing false arrhythmia alarms in ICU bedside
monitor data, this paper validates the application of a real-time arrhythmia
detection library (ADLib, Schiller AG) for the robust detection of five types of
life-threatening arrhythmia alarms. The strength of the application is to give
immediate feedback on the arrhythmia event within a scan interval of 3 s-7.5's,
and to increase the noise immunity of electrocardiogram (ECG) arrhythmia
analysis by fusing its decision with supplementary ECG quality interpretation
and real-time pulse wave monitoring (quality and hemodynamics) using
arterial blood pressure or photoplethysmographic signals. We achieved the
third-ranked real-time score (79.41) in the challenge (Event 1), however, the
rank was not officially recognized due to the ‘closed-source’ entry. This study
shows the optimization of the alarm decision module, using tunable parameters
such as the scan interval, lead quality threshold, and pulse wave features, with
a follow-up improvement of the real-time score (80.07). The performance
(true positive rate, true negative rate) is reported in the blinded challenge
test set for different arrhythmias: asystole (83%, 96%), extreme bradycardia
(100%, 90%), extreme tachycardia (98%, 80%), ventricular tachycardia (84 %,
82%), and ventricular fibrillation (78%, 84%). Another part of this study
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considers the validation of ADLib with four reference ECG databases (AHA,
EDB, SVDB, MIT-BIH) according to the international recommendations for
performance reports in ECG monitors (ANSI/AAMI EC57). The sensitivity
(Se) and positive predictivity (4P) are: QRS detector QRS (Se, +P) > 99.7%,
ventricular ectopic beat (VEB) classifier VEB (Se, +P) = 95%, and ventricular
fibrillation detector VFIB (P 4+ = 94.8%) > VFIB (Se = 86.4%), adjusted
to the clinical setting requirements, giving preference to low false positive
alarms.

Keywords: ECG monitoring, QRS detection, heartbeat classification, ECG
quality, pulse wave analysis, life-threatening arrhythmia, false ICU alarms

(Some figures may appear in colour only in the online journal)

1. Introduction

According to the European Committee for Standardization (CEN: Comité Européen de
Normalisation 1995), medical device alarms are classified into three categories: high prior-
ity (accompanied by a flashing red light), indicating an urgent life-threatening situation that
requires immediate action; medium priority (flashing yellow light) for dangerous conditions,
demanding a quick response; and low priority (constant yellow indicator), for alerts that
should be brought to the attention of the medical staff. The ‘yellow’ alarms are typically not
very loud and last for 5s or 6s, however, the critical ‘red’ alarms, which are usually config-
ured for life-threatening arrhythmia (Drew er al 2014), are much more intense and distinctive
and remain switched on until they are acknowledged by the person responsible (Aboukhalil
et al 2008). The average number of different alarm sounds in the intensive care unit (ICU)
has increased from 6 in 1983 (Kerr et al 1983) to more than 40 in 2011 (Borowski et al
2011), which together with the intentional setting of cardiac monitors to high sensitivity at
the expense of specificity (Drew et al 2004) and the influence of motion artifacts on their
accuracy, expose the medical staff and the patients to a high number of different alarms.
There are studies reporting that only 2%—9% of ICU alarms are important for patient man-
agement (Tsien and Fackler 1997), 6%—40% are true but clinically insignificant, while ICU
false alarms are prevalent with rates as high as 89% (Drew et al 2014). False alarms mainly
induce stress in both patients and medical staff (Baker 1992, Cropp et al 1994, Novaes et al
1997, Topf and Thompson 2001, Morrison et al 2003), causing fatigue and desensitization to
emergency signals and slower response times for the personnel (Chambrin 2001, Donchin and
Seagull 2002, Imhoff and Kuhls 2006), as well as sleep disruption and depressed immune sys-
tems for the patients (Hagerman et al 2005, Parthasarathy and Tobin 2004). This is reported to
significantly increase both the hospital recovery time (Cropp et al 1994, Donchin and Seagull
2002) and rehospitalization rates (Hagerman ez al 2005).

These high rates of false arrhythmia alarms suggest significant room for improvement in
this field, which is one that has become a topic of intensive research during the last few dec-
ades. The first attempts to cope with the problem were based only on the processing of the
the electrocardiogram (ECQG) via filtering techniques, applied to smooth the heart rate trends
(Mikivirta et al 1991) or identify artifacts (Sittig and Factor 1990), and a knowledge-based
system (Koski et al 1994) to reduce false alarms. These measures achieved alarm rejection
rates of 37%—-54%, however, they were evaluated using restricted databases.

Considering that false arrhythmia alarms are commonly due to single-channel ECG arti-
facts and/or low-voltage signals, it is likely that they may be reduced by using all available
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ARTICLE INFO ABSTRACT

Article history: Background and objective: A crucial factor for proper electrocardiogram (ECG) interpretation
Received 18 December 2015 is the correct electrode placement in standard 12-lead ECG and extended 16-lead ECG for
Received in revised form accurate diagnosis of acute myocardial infarctions. In the context of optimal patient care,
12 May 2016 we present and evaluate a new method for automated detection of reversals in peripheral
Accepted 21 June 2016 and precordial (standard, right and posterior) leads, based on simple rules with inter-lead

correlation dependencies.

Keywords: Methods: The algorithm for analysis of cable reversals relies on scoring of inter-lead corre-
ECG electrode interchange lations estimated over 4s snapshots with time-coherent data from multiple ECG leads. Peripheral
Lead swap cable reversals are detected by assessment of nine correlation coefficients, comparing V6 to
ECG pattern progression limb leads: (I, IL, I11, I, -II, -III, -aVR, -aVL, —aVF). Precordial lead reversals are detected by analy-
Cross-correlation analysis sis of the ECG pattern cross-correlation progression within lead sets (V1-V6), (V4R, V3R, V3,
Limb leads V4), and (V4, V5, V6, V8, V9). Disturbed progression identifies the swapped leads.

Precordial leads Results: A test-set, including 2239 ECGs from three independent sources—public 12-lead (PTB,

CSE) and proprietary 16-lead (Basel University Hospital) databases—is used for algorithm
validation, reporting specificity (Sp) and sensitivity (Se) as true negative and true positive
detection of simulated lead swaps. Reversals of limb leads are detected with Se = 95.5-
96.9% and 100% when right leg is involved in the reversal. Among all 15 possible pairwise
reversals in standard precordial leads, adjacent lead reversals are detected with Se = 93.8%
(V5-V6), 95.6% (V2-V3), 95.9% (V3-V4), 97.1% (V1-V2), and 97.8% (V4-V5), increasing to 97.8-
99.8% for reversals of anatomically more distant electrodes. The pairwise reversals in the
four extra precordial leads are detected with Se = 74.7% (right-sided V4R-V3R), 91.4% (pos-
terior V8-V9), 93.7% (V4R-V9), and 97.7% (V4R-V8, V3R-V9, V3R-V8). Higher true negative rate
is achieved with Sp > 99% (standard 12-lead ECG), 81.9% (V4R-V3R), 91.4% (V8-V9), and 100%
(V4R-V9, V4R-V8, V3R-V9, V3R-V8), which is reasonable considering the low prevalence of
lead swaps in clinical environment.
Conclusions: Inter-lead correlation analysis is able to provide robust detection of cable re-
versals in standard 12-lead ECG, effectively extended to 16-lead ECG applications that have
not previously been addressed.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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Abstract Background: Electrocardiogram (ECG) biometrics is an advanced technology, not yet covered by
guidelines on criteria, features and leads for maximal authentication accuracy.

Objective: This study aims to define the minimal set of morphological metrics in 12-lead ECG by
optimization towards high reliability and security, and validation in a person verification model
across a large population.

Methods: A standard 12-lead resting ECG database from 574 non-cardiac patients with two remote
recordings (>1 year apart) was used. A commercial ECG analysis module (Schiller AG) measured
202 morphological features, including lead-specific amplitudes, durations, ST-metrics, and axes.
Coefficient of variation (CV, intersubject variability) and percent-mean-absolute-difference (PMAD,
intrasubject reproducibility) defined the optimization (PMAD/CV — min) and restriction
(CV < 30%) criteria for selection of the most stable and distinctive features. Linear discriminant
analysis (LDA) validated the non-redundant feature set for person verification.

Results and conclusions: Maximal LDA verification sensitivity (85.3%) and specificity (86.4%)
were validated for 11 optimal features: R-amplitude (LII,V1,V2,V3,V5), S-amplitude (V1,V2),
Tnegative-amplitude (aVR), and R-duration (aVF,V1).

© 2016 Elsevier Inc. All rights reserved.

Keywords: ECG biometrics; Person authentication; ECG diagnostic morphological features; Optimization criteria; Linear
discriminant analysis

Introduction tion. The application of such a person identity approach can
be easily extended to automated management of in-hospital
databases.

Published studies use different types of fiducial based
ECG metrics: temporal features [2—5] (hypothized to be
invariant to the sensor placement [2]), amplitudes and slopes
[4-9] (reported to be more informative than the temporal
features [5]), Q, R, S angles [5,7] and frequency character-
tistics [10]. The classification techniques employed for
identity recognition use linear discriminant analysis (LDA)
[2—4], Euclidean distance criteria [7,9], principal component
analysis score plots [6], correlation analysis [8], neural
networks [5], threshold based approaches [10], etc.

A limitation in the field for person authentication via ECG
is the lack of standardized public databases containing
multiple ECG recordings per subject with sufficient temporal
separation. For that reason, some studies use proprietary

The biometric authentication via ECG, interacting
entirely with physiological characteristics, is robust to
hacker attacks and falsification, and it is therefore considered
as an advanced technology when high-level automated
security is demanded [1]. Two identity recognition scenarios
are administered — person verification (one-to-one scenario)
and person identification (one-to-many scenario). Existing
ECG identity recognition techniques are either fiducial or
non-fiducial based. The former are the primary considered in
the field as they employ morphological features, typically
measured for diagnostic purposes by ECG devices. Thus, the
crucial task for precise localization of specific anchor points
on the P-QRS-T segment can be managed by certified
commercial ECG analysis modules with minimal interven-

* Corresponding author at: Institute of Biophysics and Biomedical

Engineering, Bulgarian Academy of Sciences, “Acad. Georgi Bonchev” str.,
bl. 105, 1113, Sofia, Bulgaria.
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databases from limited population [2,3,6,9], single lead
[2,3,7,9] or limited time distance between intrasubject ECGs,
acquired within a few days [6], in a single day at different
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ARTICLE INFO ABSTRACT

Article history:
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Minimizing the impact of artifacts prior to the start of the ECG recording is an approach for providing
a diagnostically reliable data. A solution to this problem is a continuous feedback of the ECG quality
and prompt start of the recording at potentially the best quality. The real-time lead quality monitoring
library (LQMLib) is introduced to trigger the recording of 10 s resting 12-lead ECG at the optimal snapshot
moment (the earliest in time, the best in quality). The triggering condition considers the Snapshot quality
(signal-to-noise ratio of the most noisy 4 s segment within 10 s) exceeding an adaptive quality threshold
(AQT). The optimal AQT (descending from 85% down to 60% over 1 min) is validated on two independent
clinical datasets from an emergency department, including 267/385 standard 12-lead ECGs. The test-
validation LQMLib performance is: (84.7-87.2)% of ECGs would be triggered at their maximal Snapshot
quality; (31.2-33.1)% at the optimal snapshot time (+2.5s); (25.7-29.3)% would be started earlier, typi-
cal for high quality ECGs with progressively increasing supra-threshold Snapshot quality; (37.2-43.1)%
would be recorded with a delay >2.5 s, typical for low quality ECGs with sub-threshold maximal Snapshot
quality that is not validated as potentially the best quality until AQT criterion declines later within 1 min.

Keywords:

ECG signal quality index
Signal-to-noise ratio
Optimal snapshot time
Adaptive quality threshold
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1. Introduction

The routine use of the standard 12-lead electrocardiogram
(ECG) for noninvasive clinical investigation of acute and chronic
cardiovascular diseases sets the important issue for ensuring diag-
nostically interpretable high-quality signals in all ECG leads [1,2].
The acquisition of 12 ECG leads, all of high quality, is a challeng-
ing task, considering the susceptibility of each lead to different
permanent or transient noises, caused by patient movement, elec-
tromyogram artifacts, electromagnetic interferences, etc., which
have unpredictable onset and duration and could occur separately
or simultaneously, thus compromising the correct ECG interpre-
tation. According to the current clinical guidelines for recording of
standard 12-lead ECG, the medical staffis responsible for the proper
electrodes placement, patient’s body positioning, skin preparation,
as well as for the approval of the ECG quality in terms of clearly vis-
ible P, QRS, T waveforms, stable and free of interference isoelectric
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E-mail address: irena@biomed.bas.bg (1. Jekova).
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line [3]. The high rate of unusable data due to insufficient quality
(5% of 20 million ECGs worldwide) [4] suggests that the human
factor is susceptible to shortcomings. There is a significant room
for improvement of the recording conditions control by automated
ECG quality assessment algorithms, which is one that has become
a topic of intensive research during the last few years.

The PhysioNet/Computing in Cardiology (CinC) Challenge 2011
has essentially contributed to the development of different
solutions for identifying common distorting factors during ECG
acquisition and classification of 12-lead ECG quality as acceptable
or unacceptable for diagnostic purposes [5]. Various ECG distur-
bance detection techniques have been applied for the derivation of
analytical ECG quality metrics for the presence of:

- missing leads with constant voltage [6-15] and/or low amplitude
[6,10-12,16];

- baseline wander and high-frequency noises [6,7,9,12,13,15-18];

- steep slope and/or high amplitude artifacts [6,8-10,12,15];

- failure in QRS detection [7,8,13];

- disturbances in template and signal morphology features [19];
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Abstract
Feasibility of the Karhunen-Loéve transform (KLT) for

detection of ventricular ectopic beats was studied. The
KLT basis functions of normal QRS complexes were
derived for a small-sized training set of heartbeats. The
relevant KLT features were obtained by comparison
between five selected heartbeats of the predominant
rhyvthm and the remaining heartbeats in the tested
electrocardiographic  (ECG)  recording.  Statistical
analysis of the KLT features for MIT-BIH arrhythmia
database contributed to the definition of threshold
criteria for discrimination between the predominant and
the ventricular ectopic heartbeats. The achieved accuracy
was about 97.7% for single-lead analysis and above 98%
for joint two-lead processing. The method is attractive
and suitable for implementation in an automatic analysis
modile becawse of the necessity for supervisor annotation
of only five beats af the predominant rhythm in one ECG
recording.

1. Introduction

Automatic  heartbeat  classification  using  the
electrocardiogram (ECG) has been a field of inlensive
research during the last years. Recently a number of
sophisticated ECG modeling methods, competing for
higher accuracy, were published. Classical technigues use
heuristic ECG descriptors, such as the QRS morphology
[1,2]. However, the QRS pattern recognition technigues
are considerably affected by noise due to unfavorable
signal acquisition conditions. Another group of
approaches, theoretically more robust (o noise, are based
on approximating the QRS complex using a small number
of waveforms taken from a suitable dictionary. For
example, the Matching Pursuits method has been recently
introduced for linear expansions of the QRS waveforms
involving non-orthogonal dictionaries based on Wavelet
Packets [3.4]. Other noise-tolerant parametric models of
the QRS complex use common dictionaries of orthogonal
basis functions. Examples of such basis are the Hermite
functions [5.6] and the Karhunen-Loéve transform (KLT)
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[7]. both providing a low dimension feature space for
heartbeat classification. The KLT has also been
successfully applied for reconstruction of the ST-T shape
in studies of the ventricular repolarization period [8.9].
The KLT was preferred because of its power to
approximate a selected segment from the P-QRS-T
pattern with both the lowest expecled mean-squared error
and enhanced noise immunity.

The present study investizates the ability of defined
KLT features to improve the accuracy of the KLT method
[7] for discrimination between ectopic beats and the beats
of the predominant rhythm in one ECG recording.

2. Materials and methods

2.1. ECG database

We analysed 44 of the 48 ECG recordings of the
Massachusetts Institute of Technology - Beth Israel
Hospital (MIT-BIH) arrhythmia database. We excluded
the 4 files with paced beats (102, 104, 107, 217). Each
recording has a duration of 30 min and includes two leads
— the modified limb lead Il and one of the modified leads
V1, V2 V4 or V5 [10]. The sampling frequency is 360
Hz and the resolution is 200 samples per mV. The
heartbeats were recognized by the fiducial points in the
database. We followed the American Heart Association
(AHA) records equivalent annotation [10] to form two
classes of heartbeats: (i) the class of the ventricular
ectopic beats (V); (ii) the class of the normal beats (N),
including all normal heartbeats (approximately 70% of
the database) and some of the abnormal beats (left bundle
branch block, right bundle branch block, aberrantly
conducted beat, nodal premature beat. atrial premature
beat, nodal or atrial premature beat, nodal escape beat,
left or right bundle branch block, atrial ectopic beat and
nodal ectopic beat). We further restricied the N class to
contain only those heartbeats, which are representative for
the predominant rhythm of the patient - normal beats, left
bundle branch block and right bundle branch block beats.
Mo selection based on the quality of the signal was
performed. Thus the analysis was applied even in the
presence of artifact or noise in the ECG.

Computers in Cardiology 2086; 33:569-572,
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Abstract

The aim of the present work was to study the possibility of a parameter set to assure both reliable detection of shockable rhythms and adequate
shock success prediction. A set of 10 parameters, reflecting the frequency characteristics, the variations, the complexity, the periodicity and the
symmetry of the ECG signals was subjected to discriminant analysis. The reliability of the derived parameters to provide an adequate shock
advisory decision, which accounts the arrhythmia type (shockable or non-shockable) and the possibility for shock success, was studied. Moreover,
the influence of different types of artifacts on the accuracy for shockable and non-shockable rhythms classification was evaluated. The shockable
rhythm detection ability was estimated towards the AHA recommendations for reliable automatic external defibrillator algorithm performance,
while the accuracy for prediction of the shock outcome was compared with the possibility of other proposed methods to differentiate between
ventricular fibrillation episodes amenable and non-amenable to defibrillation. The direct comparison of the shockable rhythm detection results with
the AHA recommendations for defined rhythm categories proved the adequacy of the processed ECG features to provide accuracy, which meets the
AHA performance goal. Besides this, the proposed parameter set proved its adequacy for shock success prediction and the attained prediction
accuracy (above 80%) could be considered as acceptable for possible practical application in automatic external defibrillators.

The combination of reliable detection and prediction, as well as the fact that the decision for defibrillation will account not only the rhythm type
but also the possibility for successful defibrillation, makes the proposed parameter set a reliable tool for automatic external defibrillator shock-

advisory algorithms.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Ventricular fibrillation detection; Shock success prediction; Arrhythmia types; Discriminant analysis

1. Introduction

The ventricular fibrillation (VF) and the rapid ventricular
tachycardia (VThi—more manufacturers specify frequency
above 150 beats min_l) are dangerous cardiac disorders, which
require fast response and application of high-energy shock in the
heart region. The successful termination of VF and VThi
strongly depends on the time elapsed between the onset of the
arrhythmia and the defibrillation. The automatic external
defibrillators (AED) are devices, which detect and treat VF
and VThi without interpretation of the electrocardiogram (ECG)
by qualified medical personnel, in out-of-hospital conditions.
They assure early defibrillation, which increase the survival rate
after cardiac arrest, as reported in refs. [1,2]. According to the

* Tel.: +359 2 979 3631; fax: +359 2 723787.
E-mail address: irena@clbme.bas.bg.

1746-8094/$ — see front matter © 2007 Elsevier Ltd. All rights reserved.
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American Heart Association (AHA) recommendations for AED
algorithm performance [3], detection of shockable rhythm is
obligatory for coarse VF and VThi and is absolutely forbidden
for normal sinus rhythms (NSR) and other arrhythmias (marked
as N), accompanied by a palpable pulse and/or occurring in a
conscious patient, like supraventricular tachycardia, sinus
bradycardia, atrial fibrillation and flutter, heart block, idioven-
tricular thythms, premature ventricular contractions and other
rhythms, which are not life-threatening. AHA specifies a group
of intermediate rthythms including fine ventricular fibrillation,
which characterize with low survival rate and ventricular
tachycardia that does not meet the criteria for inclusion in the
shockable rhythm category (VTlo). For these two types of
rhythms, AHA did not set any performance goals for AED
analysis algorithms, since the patients with fine VF are unlikely
to derive benefit or be at risk from defibrillation and there is not
strict criteria concerning the frequency of the ventricular
tachycardia, which must be treated with defibrillation. For all
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Abstract

Time-frequency domain features of chest compression
(CC) artefacts, non-shockable (NShR) and shockable
(ShR) rhythms were investigated. The aim was to provide
reliable shock advisory analysis during CC by single
channel electrocardiogram (ECG) processing. Three
frequency bands were suggested to enhance specific
components of the CC artefacts, NShR and ShR rhythms:
(i) 2-3 Hz to emphasize the similarity of the basic wave of
CC Artefacts; (ii) 4-7 Hz to highlight the irregularity of
the fibrillation waves in ShR; (iii) 10-20 Hz to support the
presence of QRS complexes in NShR. Based on our
studies in the defined frequency bands, an automatic
shock-advisory system (SAS) for detection of NShR and
ShR in CC-contaminated ECGs was built. SAS assessed
with ECGs from a testing dataset provided Se=94.2% for
ShR, Sp=87% for NShR, Sp=83.7% for asystoles.

1. Introduction

Early defibrillation and continuous cardiopulmonary
resuscitation (CPR) with minimal ‘hands-off’ intervals
are advised to improve the survival rate in out-of-hospital
cardiac arrests (OHCA) [1]. To support such life-saving
practice, the shock-advisory systems of automated
external defibrillators (AEDs) should be capable to
reliably analyse the heart rhythm even if it is corrupted by
the mechanical activity of the chest compressions (CC).

Different filtering techniques have been proposed in
the literature mostly with adaptive schemes managed by
reference signals from CC frequency [2-4], or acquired
via outer sensors for thoracic impedance, accelerometer,
‘ECG common’ signal, arterial blood pressure [5-7].
However, any sensor different from defibrillation pads
could be considered as an obstacle for an easy AED use.

ECG time-frequency study was applied aiming at
reliable shock advisory analysis of CC contaminated
arrhythmias by single channel ECG processing.
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2. Methods

2.1. ECG data

Recordings of 168 OHCA interventions with AEDs
(FredEasy, Schiller Medical SAS, France) collected by
the emergency medical service in the region of Nancy
(SDIS54 July-December, 2006) were retrospectively
processed. They provided large excerpt of CC artefacts
induced on human ECG via defi-pads. We hypothesized
that the process governing the artefact morphology is
non-ergodic due to change of the underlying ECG rhythm
(shock delivery, drug injection), as well as to change of
the CC features over time (fatigue of the rescuer, swap of
rescuer, switching from human to machine compression).
This consideration supported the use of several CC-
contaminated episodes extracted from one intervention as
independent strips included in the ECG dataset.

Two independent reviewers annotated the noise-free
ECG rhythm seen during the AED analysis periods. The
following rhythm annotations were accepted:

6] NShR: Non-shockable rhythms, including
normal sinus rhythms, ventricular ectopic beats,
atrial flutter/fibrillation, bundle branch blocks,
bradycardias and supraventricular tachycardias;

(i1) ShR: Shockable rhythms, containing ventricular
fibrillations and rapid ventricular tachycardias;

(1ii) ASYS: Asystoles with peak-to-peak amplitude
below 100 uV for at least 3 seconds.

The CC-contaminated episodes were taken just before
the AED analysis periods. They inherited the rhythm
annotation of the adjacent AED analysis with the
assumption that the ECG rhythm does not change during
the last 10 seconds of CC. The following CC artefacts in
the ECG channel were considered:

i) CC-Artefacts: pure CC-artefacts on ASYS;

(i1) CC-artefacts contaminating NShR;

(1ii) CC-artefacts contaminating ShR.

All OHCA signals were sampled at 500 Hz, 8-bit.

Computers in Cardiology 2009;36:817-820.
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Abstract

This study aims at validation of the specificity (Sp) of a
shock advisory system (SAS) in automatic external
defibrillators (AED) with non-shockable pediatric ECGs.

Own pediatric ECG database is collected including
lead II holter recordings from 46 children - healthy and
cardiac patients. A number of 10301 ten-second samples
of non-shockable (N) rhythms are analysed. Adult ECG
database (MIT-vfdb) is used to show the reference SAS
criteria values for N(>18) and shockable S(>18) rhythms.

Specific ECG criteria of an AED SAS are evaluated:
heart rate, slope uniformity of positive vs. negative peaks,
deflections from signal extrema and signal mean in a
narrow frequency band for QRS complexes enhancement.

Pediatric N rhythms, age: (1-4), (5-8), (9-12) vs. adult
N(>18) show significant differences in all criteria,
shifting in beneficial direction further away from S(>18)
when combined criteria are used. The SAS validation for
N(1-4), N(5-8), N(9-12) present respectively Sp=100%,
99.8%, 100%, higher than N(>18) with 99.6%.

1. Introduction

Ventricular fibrillation (VF) or ventricular tachycardia
(VT), once thought to be rare in children, occur in 25% of
in-hospital and at least 7% of out-of-hospital pediatric
cardiac arrests [1]. Patients with an initial rhythm VF/VT
have better survival than those with asystole/pulseless
electrical activity [2], therefore prompt VF/VT treatment
improves the survival rate. Since 2005, the European
Resuscitation Council Guidelines for pediatric life
support [3] recommend the use of pediatric pads and
lower energy levels in automated external defibrillators
(AED) for children aged 1 to 8 years. Due to insufficient
information for safety and efficacy in infants younger
than 1 year, the AED use in this age group is not advised.

Recent efforts are spent to assess the performance and
to adapt AED algorithms designed for adults to achieve
high accuracy also for pediatric rhythms. There are
evidences for significant differences between pediatric vs.
adult electrocardiogram (ECG) [4]. Reports show that
heart rate is sensitive to age groups and thus rate-
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dependent ECG morphology parameters are significantly
affected, particularly in pediatric non-shockable rhythms
[5-7]. Insignificant differences are reported for some
morphology parameters in shockable pediatric rhythms
[5] and spectral parameters in both shockable and non-
shockable rhythms [7]. The technical implication of these
studies is AEDs that should implement either separated
pediatric and adult decision system [8-9] or a unique
solution [5,10,11].

The purpose of the present study is to create an ECG
database of non-shockable pediatric rhythms and to use
this database for assessment of specific ECG criteria in
different pediatric age groups. Differences among the
ECG criteria between pediatric non-shockable rhythms
and a reference adult database are studied. Verification of
the safety of a commercial AED in children is aimed by
validating the specificity of its shock advisory system
embedding the same ECG criteria settings as validated for
adults.

2. Materials and methods

2.1. Pediatric ECG database

Pediatric thythms were collected retrospectively from
Holter recordings of children with various cardiac
diseases, who underwent annual examinations in the
Pediatric Cardiac Unit of the National Heart Hospital,
Sofia, Bulgaria. Rhythms were acquired with standard
ECG electrodes in modified lead II position and
bandwidth (0.5-30)Hz. The ECG holter recordings format
is: 250Hz as sampling rate, 12bit resolution, 4.9uV/bit
dynamics. The database including 46 children — 6 healthy
and 40 cardiac patients, age 1 to 12 years old, consisted
only of non-shockable samples without lethal ventricular
arrhythmias. Selected 10-second samples from the non-
shockable (N) recordings were annotated by three
cardiologists into two categories — normal sinus rhythm
(NSR) and other non-shockable arrhythmia (ONS). This
group includes premature ventricular contractions, supra-
ventricular tachycardia (SVT), sinus bradycardia, SA/AV
and bundle branch blocks (BBB), atrial fibrillation. The
rhythm type assigned to each sample reflects the

Computing in Cardiology 2010;37:525-528.
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Abstract

This study evaluates the influence of analysis duration
on the accuracy of AED shock advisory system (SAS),
which is adapted to provide ‘Shock’/'No Shock’ decision
in real time at every second from 2s to 10s. MIT-BIH
Malignant Ventricular Arrhythmia database is used for
validation of the SAS accuracy on a computer.

Four basic ECG criteria used in the presented SAS are
evaluated: heart rate, slope uniformity of positive vs.
negative peaks, deflections from signal extrema and
signal mean in a narrow frequency band for enhancement
of the QRS complexes. They show significant differences
for shockable and non-shockable rhythms, considering all
analysis durations.

The presented SAS with analysis duration from 2s to
10s is fully compliant with the AHA performance goal for
AEDs. Short ECG episodes, however, require verification
for consistency of the rhythm over time.

1. Introduction

Minimizing the duration of the pre-shock pauses
without chest compressions (CC) is beneficial for the
survival rate after defibrillation [1-4]. In this respect, the
2010 American Heart Association (AHA) Guidelines for
resuscitation recommend limiting CC interruptions to less
than 10s [5] which constrains the time for analysis of
artifact-free electrocardiogram (ECG) in automatic
external defibrillators (AEDs).

Anticipating the new requirements, some researchers
have recently published a number of methods for ECG
analysis during CC, applying mostly adaptive filtering
techniques for suppression of the CC-induced artifacts [6-
9] or sophisticated algorithms which are running the
rhythm analysis during CC [10,11]. Despite all efforts,
accuracy of such methods is 80-90% - still below the
AED performance goals recommended by AHA [12].

Another solution for minimizing the pre-shock pause is
reduction of the ECG analysis duration. Rosado et al [13]
describe a fast ventricular fibrillation detection method,
based on Pseudo-Wigner-Ville distribution, using ECG
segments of 1.024s. However, it provides limited 86%
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sensitivity and 94.3% specificity. Other studies report that
algorithms, analyzing ECG signal crossings with preset
thresholds, improve their performance by increasing the
analysis duration, and that a reliable accuracy can be
achieved after 7s [14,15]. Throne and Gupta [16]
estimate the effect of short duration signal analysis for
detection of ventricular fibrillation based on
autocorrelation (ACF) and scatter diagram analysis. They
have found that, in general, increase of the analysis
duration from 1s to 4s improves the accuracy. This
relation is also observed by the authors of the ACF
method who report adequate performance for 4.5s [17].

The objective of this study is to evaluate the influence
of analysis duration (2s to 10s) on the accuracy of AED
shock advisory system (SAS).

2. Materials and methods

2.1. ECG signals

The test set of ECG signals is extracted from the first
channel of MIT-BIH Malignant Ventricular Arrhythmia
Database (MIT-vfdb) [18]. The recordings are subsets of
the general databases recognized as standard in ECG
testing. These subsets were chosen because they contain a
wide variety of shockable and non-shockable rhythms.

ECQG strips of 10s are independently annotated by three
cardiologists. The annotations follow the AHA
classification scheme for shockable and non-shockable
rhythms [12] where performance goals are defined only in
absence of artifacts. Excluding all cases with inconsistent
rhythm over the strip, the following noise-free strips are
identified:

510 strips with shockable rhythms:

308 VF — coarse ventricular fibrillation > 200uV;
202 VThi — rapid ventricular tachycardia with rate
> 150 beats-per-minute (bpm);

2448 strips with Non-shockable rhythms:

1023 NSR — normal sinus rhythm;

e 1425 ONS - other non-shockable rhythms, including
supra-ventricular tachycardia, sinus bradycardia,
SA/AV and bundle branch blocks, atrial fibrillation,
atrial/ventricular ectopic beats.

Computing in Cardiology 2011;38:537-540.
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Abstract

The upgrade of mobile phones with applications for
acquisition, pre-processing and transmitting the patient’s
ECG to a hospital unit would be of great benefit for
prevention against the most frequent mortality caused by
heart failure. This idea is promoted by the Computing in
Cardiology Challenge 2011, which encourages the
development of algorithms for analysis of the ECG
quality within few seconds, aiming to warn about
diagnostically unacceptable recordings. This paper
presents an algorithm for scoring the noise corruption
level by evaluation of ECG amplitude dynamics, baseline
wander, powerline interference, EMG and peak artifacts.
The score achieved for participation in Eventl is 0.908.
Additionally unacceptable ECGs with interchanged leads
are detected with sensitivity of 96.8% (30/31 files) for
peripheral leads and 87% (40/46 files) for chest leads.

1. Introduction

When conditions during ECG acquisition are not
rigorously controlled, ECG quality is highly susceptible
to external noisy components and other distorting factors
which might impede the reliable manual or automated
measurements, or hazard the correct diagnosis. Automatic
management of large amount of ECGs by analytical
quality metrics is shown to improve the quality of ECG
annotations reducing human review and costs [1,2].

During the years, members of our team are
contributing towards development of methods for
improving the ECG quality by filtering the main sources
for ECG corruption - powerline interference (PLI),
baseline wander (BLW) and electromyographic (EMQG)
noise. The main goal is to maximally preserve the useful
ECG components, commonly overlapped with noises. In
this respect, the subtraction procedure eliminates PLI
with amplitude and frequency deviation without affecting
the ECG spectrum [3]; the BLW bi-directional high-pass
recursive filter [4] is optimized towards adapting the cut-
off frequency with respect to the frequency components
of the ECG signal [5]; the approximation filtering with

ISSN 0276-6574

dynamically varied number of samples and weighting
coefficients in respect to the ECG slope, is preserving
sharp QRS forms with a considerable reduction of the
EMG noise [6]; the ‘linearly-angular’ procedure for EMG
suppression is applying smoothing filtration outside the
QRS complexes, and moving averaging inside them with
restoration of the sharp Q, R and S peaks [7].

Misplacement of electrodes in 12-lead ECG is reported
in 0.4-4% of all clinical recordings — a severe cause of
erroneous diagnosis due to simulated false or concealed
true ECG abnormalities [8]. Batchvarov et al [9] review
the effect of the most common cases for interchange in
peripheral and chest leads on P-QRS-T patterns, together
with some algorithms for their detection. Specific cable
interchanges or ECG abnormalities might disturb the
correct detection.

The presented method detects noise corruption and
leads interchange for recognition of diagnostically useful
ECGs in the Computing in Cardiology Challenge 2011.

2. ECG dataset

The study uses the Challenge 2011 dataset available
from PhysioNet [10], including 10-second recordings of
standard 12-lead ECGs (sampled at 500Hz, 5uV/LSB
resolution, full diagnostic bandwidth 0.05-100Hz). The
dataset comprise signals related to common problems
which might appear when people with varying amounts
of training are recording ECG via disposable or suction
cup electrodes connected to mobile phones (misplaced
electrodes, poor skin-electrode contact, not connected
electrode, PL interference, artifact resulting from patient
motion, etc.). Reference annotations of the ECG quality
in the context of ‘acceptable’ or ‘unacceptable’ recording
for diagnostic interpretation are accessible for the
challenge in non-blinded and blinded mode:

- Training Data (Set A) with non-blinded annotations,
including 773 acceptable and 225 unacceptable ECGs;
- Test Data (Set B) with blinded annotations, including

500 ECGs.

Misplaced electrodes have been manually identified in
74/1498 recordings, publicly available in the list [11].

Computing in Cardiology 2011;38:429-432.
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Abstract

The aim of the study is to investigate whether and how
QRS-complex and T-wave heterogeneity is influenced by
different cardiac risk factors and clinical data.

Digital ECG during stress test was acquired in 106
patients (age 63+10 years, 45 males). Two indices
obtained by Principal Component Analysis (PCA):
complexity (PCA;) and non-linear components (PCA,)
were used for the analysis of the heterogeneity of the
different clinical groups. Mean, max, and standard
deviation values were examined in the study.

Significant difference (p<0.01+0.05) between PCA1 of
QRS (PCA;_QRS) was found between subgroups of
patients defined according to the presence or absence of
angina pectoris, diabetes mellitus, stroke and smokers.
Significant difference for PCA, QRS was obtained in the
presence of angiographically significant coronary artery
disease, diabetes mellitus, positive stress test and
triglycerides. For the T wave significant difference was
found respectively for PCA,_T in: myocardial infarction,
angiographically significant coronary artery disease and
gender and for PCA,_T in: angiographically significant
coronary artery disease, percutaneous coronary
intervention and gender.

1. Introduction

The principal component analysis (PCA) is a technique
that aims to represent a large number of signals by means
of a limited number of fundamental values [1]. When
applied to digital ECG tracings, the method determines
the “principal components” which represent most of the
ECG information. The first three eigenvalues of the PCA
provide nearly the total energy of the ECG. Since the
mathematical ~ procedure  calculates  fundamental
orthogonal components, PCA analysis of the ECG signal
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is @ modern approach, which can substitute in a certain
degree the vectocardiography based on the orthogonal X,
Y, and Z leads [1].

The study of the heterogeneity of the ventricular
repolarization has been implicated by long in the analysis
of the genesis of ventricular arrhythmias [2]. Theoretical
and experimental studies suggest that ventricular
repolarization occurs in a nonlinear and inhomogeneous
fashion. Measures of repolarization that take into account
the T-wave complexity using PCA should be a useful
surface ECG marker of heterogeneity of repolarization.

Whilst the diagnostic [3-5] and prognostic [2,6] value
of PCA of the T wave has been demonstrated, the effect
of physiological factors on the QRS and T wave
complexity is unknown. The T wave shape or polarity can
be influenced by age, sex, heart rate, body position,
autonomic activity, respiration, temperature, electrolyte
concentration, food and mental activity [7-11]. It is
possible that these factors can also affect T wave
complexity. PCA has been used for the investigation of
the effect of heart rate and body position on QRS and T
wave complexity [12] and also for the analysis of the
post-extrasystolic changes of the T-wave and QRS
complex [13].

The aim of the study is to investigate whether and how
QRS-complex and T-wave heterogeneity is influenced by
different cardiac risk factors and clinical data.

2. Methods and material

2.1. ECG database

We studied 106 patients: age 63+10 years, 45 males,
39 with diabetes mellitus (DM), 85 with AP, 34 with
positive stress test, 18 with a history of myocardial
infarction (MI), 48 with angiographically significant
coronary artery disease (AS-CAD). Controllable risk

Computing in Cardiology 2012; 39:613-616.
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Abstract: This study aims to test the usability of the transthoracic impedance cardiogram
(ICG) for assessment of the quality of myocardial contractions in atrial fibrillation (AFIB)
vs. sinus rhythm (SR), using signals recorded via defibrillation pads during external
cardioversion (ECV). Data from 88 patients with persistent AFIB who received planned ECV
are processed. AFIB is treated with cardioverter/defibrillator DG4000 (Schiller Médical,
France) using a non-escalating protocol 200J/200J/200J. Successful ECV is defined as
restoration of SR for >1min. The electrocardiogram (ECG), thoracic baseline impedance (Z)
and dynamic impedance components dZ, dZ/dt captured via self-adhesive pads in antero-
apical position are processed. Heartbeat contractions are evaluated by several measures
extracted from the mean ICG patterns during systole: from dZ pattern — ICG (peak
amplitude, range, area); from dZ/dt pattern — ICG velocity (peak, range, area) and left
ventricular ejection time (LVET). The hemodynamical indices measured before and after
ECV are: mean heart rate over 2 minutes (HR), standard deviation of HR (HRYV), systolic
(SysBP) and diastolic (DiaBP) blood pressure.

When the rhythm converts from AFIB to SR (74 patients), all measures on dZ, dZ/dt patterns
significantly increase: dZ (64-102%), dZ/dt (31-67%), LVET (18%), p < 0.05. Significant
decrease of HR (-36%), HRV (-53%), SysBP (-11%) and DiaBP (-19%) are also observed.
Unsuccessful ECVs without conversion to SR (14 patients) are, however, associated with
non-significant increase of dZ (10-21%), dZ/dt (0.3-29%), LVET (9%), p > 0.05 when
comparing pre-shock AFIB vs. post-shock AFIB. No clear change in HR (-9%) and HRV
(6%), and slight decrease of SysBP (-10%) and DiaBP (-8%) are observed.

The level of improvement of cardiac output quality in post-shock SR vs. pre-shock AFIB as
estimated by ICG is related to a set of more than 60 clinical and hemodynamical parameters.
Significant correlation coefficients are found to: Beta-Blocker (-0.25), Number of anti-
arrhythmic drugs (-0.29), AST (0.37), pre-shock HR (0.43), AHR (-0.40), pre-shock HRV
(0.30), ALT (0.46), ACK-MB (-0.32), AHR (-0.26), pre-shock DiaBP (0.24).

Keywords: Impedance cardiography, ICG patterns, Hemodynamical status, Arrhythmia,
Automated external defibrillators.
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Abstract

This study presents methods for automated detection of
interchanged precordial and orthogonal ECG leads that
may prevent from incorrect diagnosis and treatment. For
precordial leads V1-V6, correlation coefficients of QRS-T
patterns and time-alignment of R and S-peaks are
assessed. For orthogonal leads (X,Y,Z), analysis of QRS
loops in the frontal plane, a set of correlation coefficients
and a time-alignment of leads are implemented. The
methods are elaborated using 15-lead ECG databases -
77 healthy control recordings from PTB database
(training), and the total set of 1220 ECGs in CSE
database with various arrhythmias (test). The specificity
(Sp) for detection of the correct precordial leads
configuration (V1 to V6) is 93.5% (training) and 91%
(test) and the mean sensitivity (Se) for 23 simulated most
common chest electrode swaps is 95.7% (training) and
95% (test). Sp for detection of the correct orthogonal
leads X,Y,Z is 98.7% (training) and 93.3% (test), while
mean Se for 47 reversals of electrode couples A/l, F/H,
M/E is 98.5%, equal for both training and test databases.

1. Introduction

Misplacement  of electrodes in  multichannel
electrocardiogram (ECG) is reported in 0.4-4% of all
clinical recordings — a severe cause of erroneous
diagnosis due to simulated false or concealed true ECG
abnormalities [1]. The mobile e-health, which is advert as
the biggest breakthrough in health systems improvement
[2] raises the need for automated detection of electrodes
interchange, considering the potential use of portable
ECG devices by non-specialists.

Batchvarov et al. [3] review the most common cases
for interchange of peripheral and chest leads and their
effect on P-QRS-T patterns alteration, together with basic
principles for detection of different leads reversals. Most
of the published studies elaborate methods for limb leads
analysis — recognition of left arm (LA) and left leg (LL)
reversal by assessment of P wave amplitude [4] and
analysis of QRS and P wave axes [5]; right arm (RA) —
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right leg (RL) swap alarm by search for flat line ECG in
lead II [6]; detection of different LA/LL/RA reversals by
direction of inscription of the P loop and/or the frontal P
axis [7], analysis of the frontal QRS axis [8], comparison
between a composed lead aVF/I and V6 [9],
reconstruction of a lead using redundancy of information
in the 8 independent leads [10]. Xia et al. [11] propose a
combination of features from [5] and [10] to yield a more
robust and accurate performance.

Much less studies are found to detect precordial leads
reversals. Among above referred methods for limb leads
interchange, only two analyse precordial leads — Hedén et
al. [5] address 5 adjacent leads reversals (V1/V2, V2/V3,
V3/V4, V4/V5, V5/V6), Kors and van Herpen [10]
evaluate 9 leads reversals (5 adjacent leads and V1/V3,
V4/V6, V4/V5/V6/V1/V2/V3, V6/VS5/V4/V3/IV2/V1).
Recently, Dotsinsky [12] reports preliminary results for
detection of 5 chest leads swaps (V1/V3/V2, V2/V1/V3,
V4/V6/V5, V5/V4/V6, V1/V2/V4/V3/V5/V6) based on 2
criteria — absolute error of the middle lead vs. averaged
sum of the surrounding leads; QRS amplitude evolution
(increase from V1 to V3, decrease from V4 to V6).

Possibly because orthogonal ECG leads are seldom
recorded in the clinical routine [13], no methods
regarding the correct placement of the Frank orthogonal
ECG leads (X,Y,Z) are found in the literature.

This study aims to present methods that may prevent
from incorrect diagnosis and treatment by automated
detection of precodrial and orthogonal leads interchanges.

2. ECG databases

This study uses ECG signals from two independent
ECG databases — the publicly-available Physikalisch-
Technische Bundesanstalt (PTB) diagnostic ECG
database [14] and the Common Standards for
Electrocardiography (CSE) database [15]. Both databases
provide 15 simultaneously measured ECG leads (the
conventional 12 leads together with the 3 Frank leads),
sampled at 1000 Hz, 0.5 pV/LSB.

The developed methods for electrode interchange
detection are trained with 77 ECG recordings from
healthy controls in PTB and are tested with 1220 ECGs
from CSE, containing various arrhythmias.

Computing in Cardiology 2013; 40:519-522.



Performance of Heart Rhythm Analysis during
Chest Compressions in Out-of-Hospital Cardiac Arrest

Vessela Krasteval, Irena Jekoval, Todor Stoyanovl, Sarah Ménétréz, Jean-Philippe Didon®

'nstitute of Biophysics and Biomedical Engineering, Sofia, Bulgaria
?Schiller Médical SAS, Wissembourg, France

Abstract

This study aims to validate a shock advisory system in
automated external defibrillators (AEDs) dedicated for
ECG analysis during chest compressions (CC), guiding
the rescuer to stop CC for rhythms which should be
terminated by a defibrillation shock and to continue CC
for non-shockable rhythms. The test-validation on a large
database of out-of-hospital cardiac arrest interventions
shows that the performance can be improved by
increasing the duration of analysis. The combination of 3
successive analyses (delaying the decision to 14s after
start of analysis) achieves sensitivity of 89.4% (135/151)
— ventricular fibrillations, specificity of 98.7% (73/74) —
normal sinus rhythms, 81.2% (1357/1671) — asystoles,
89.6% (566/632) — other non-shockable rhythms. Several
examples are shown to illustrate the reconstructed ECG
during CC that can be visually interpreted with certainty.

Improving specificity of ECG analysis during CC is of
tremendous importance preventing against frequent false
positive interrupting the rescuer and the patient CC-
treatment.

1. Introduction

Interrupting chest compressions (CC) by automated
external defibrillators (AEDs) for a reliable rhythm
analysis on an artifact free ECG can adversely affect
hemodynamics during cardiopulmonary resuscitation
(CPR) and can decrease resuscitation success rates in out-
of-hospital cardiac arrest (OHCA) patients [1].

The amount of CPR interruptions could be decreased
by running the AED rhythm analysis during CC in order
to advise CPR stop only in case a shock is recommended.
Chest compressions induce artifacts in ECG, which
considerably affect the accuracy of conventional AED
rhythm analysis algorithms, therefore new approaches for
rhythm analysis during CPR have been recently
developed. Major part of them relies on suppression of
CC-artifacts by adaptive filtering (AF) before applying
the conventional AED shock advice algorithms. AF uses
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one or more reference channels correlated to the artifact
interfering with ECG — multichannel recursive adaptive
matching pursuit using compression acceleration,
compression depth signal, thoracic impedance, ECG [2];
Least Mean-Square filter using the compression depth
signal [3,4] and thoracic impedance [5]; motion artifact
reduction system using the CPR force signal [6];
independent component analysis using additional ECG
channels [7]. AF techniques using as a reference the CC
spectral frequency estimated in a single ECG channel
have also been proposed [8,9]. The specificity of such
solutions is usually between 80-90%, which leads to
unwanted CPR interruptions in OHCA.

This study aims to validate a rhythm analysis system
based on assessment of time and frequency components
of band-pass filtered raw and reconstructed ECG [10]
with a large set of OHCA recordings during CC. The
accuracy of the system is evaluated in terms of sensitivity
and specificity respectively for stopping CC for rhythms
which should be treated by a defibrillation shock and
continuing CC for non-shockable rhythms.

2. ECG Database

The ECG database is collected with Fred Easy AEDs
(Schiller Médical, France) used by the fire brigade of
Paris in OHCA interventions in 2011. A subset of 2528
ECG strips from 596 patients is identified, including
episodes during CC which are followed by noise-free
AED analysis periods. Reviewers have annotated CC-
episode boundaries (beginning of CC, end of CC) using
observations of both ECG and impedance channel (IMP)
artifacts. Then the rhythm during AED analysis is
identified, including: 74 normal sinus rhythms (NSR),
1671 asystoles (ASYS), 632 other non-shockable rhythms
(ONS), 151 ventricular fibrillations (VF). Assuming
consistence of the ECG rhythm till 20s before the AED
analysis period, these annotations are also considered for
the preceding CC episode. All signals are recorded at
sampling rate of 500 Hz. The ECGs are band-pass filtered
(1 to 30 Hz) as supported by the AED input hardware
circuits to remove offset and high-frequency noise.

Computing in Cardiology 2013; 40:1091-1094.
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Abstract

This study presents a two-stage heartbeat classifier.
The first stage makes initial assignment of beats towards
continuously updated beat templates of the predominant
rhythm, and calculates a set of features, tracking the
morphology and RR-interval variation, and correlation to
noise robust average beat templates. The second stage
implements a decision tree for classification of
supraventricular (SVB) and ventricular beats (VB). The
training process on 3 large ECG databases (AHA, EDB,
SVDB) applies splitting and pruning of the tree to
different levels. A solution with 150 decision nodes and
error cost <0.01 is selected for unbiased test-validation
with MIT-BIH database, showing: specificity=99.7% for
SVBs, sensitivity=95.9%, positive predictivity=95.1% for
VBs. Decision trees combine high performance, rapid
interpretation and easy configuration of the complexity.

1. Introduction

Automatic detection and classification of heartbeats is
an important computerized diagnostic tool applied in
monitoring applications and for assisting cardiologists in
the task of long-term ECG inspection by marking the
presence of sustained, transient or casual arrhythmias.
The analysis of RR-intervals regularity and P-QRS-T
waveform complexity by time-domain morphology
delineation [1-5] and template matching [1,6] is
commonly used for extraction of features which are then
subjected to optimization in different decision support
systems, aiming at the most reliable classification of
normal or abnormal beats. The resource efficient
classification methods are based on linear programming,
including the K nearest neighbour clustering [2], linear
discriminants [3], fuzzy analysis [1,7] and decision trees
[4,5,7]. More complex classifiers implement support
vector machines [6,8] and artificial neural networks
[9,10], the last masking the features which are useful or
worthless and how the net is making the decision.

The dimension of redundant feature vectors affects the
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performance of the classifier if not appropriately
optimized. Reduction of the feature space dimension by
excluding irrelevant features which carry conflicting,
duplicating or little information to the classifier has been
applied by means of higher order statistics [11],
perturbation method [8], fuzzy c-means clustering [9] or
Hermite function decomposition [10].

This study aims at a reliable beat classification method
based on correlation with noise robust average beat
templates, morphology delineation features and a decision
tree with easy configuration of the model complexity.

2. ECG databases

The study involves all full-length recordings in 4 ECG
databases with reference heartbeat annotations:

o AHA — AHA database [12]: 80 ECG recordings, 2 leads
with duration of 30 min per record ;

e EDB - European ST-T database [13]: 90 ECG
recordings, 2 leads with duration of 2 hours;

e SVDB - MIT-BIH Supraventricular Arrhythmia
Database [14]: 78 ECG recordings, 2 leads, 30 min;

e MIT-BIH — MIT-BIH Arrhythmia Database [15]: 48
ECG recordings, 2 leads with duration of 30 min.

All ECGs are processed with a common sampling rate
of 250 Hz. EDB and AHA keep their original sampling
frequency (250 Hz), while MIT-BIH (360 Hz) and SVDB
(125 Hz) are linearly interpolated to 250 Hz. Filtering in a
bandwidth 0.05-75 Hz is applied, although, signals could
be already more band-limited within the databases. Two
composite leads are next analysed:

e Magnitude: Ma9 = lead1” +lead2”

e Velocity: vel =/(Alead1)’ + (Alead2)’

A QRS detector is run and any beat annotation label
that can be paired with a valid QRS detection within a
window of 150 ms is included in the study. The original
beat annotation labels are interpreted according to the
ANSI/AAMI EC57 standard [16], and two general
heartbeat classes are defined:

e SVB-class: the class of beats with supraventricular
origin, including sinus node beats (normal beat, left and

Computing in Cardiology 2014; 41:349-352.
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Abstract

This study presents a multichannel ECG quality
monitoring system, which continuously scans the leads’
status (valid/lead-off) and quality (0-100%), according to
the ECG components in the low, medium and high
frequency bands. The system aims to detect the optimal
moment to start the record of a 10s resting ECG within
the I’ minute of signal acquisition — the earliest in time,
the best in all leads’ quality, named ‘Optimal Snapshot
Time’ (OST) and ‘Best Snapshot Quality’ (BestSQ). The
system compares the current leads’ quality to an adaptive
quality threshold (AQT) whose decreasing trend is
trained on 375 ECGs. The validation over 267 ECGs in
the test database shows that: 87.2% of the ECGs would
be recorded with a quality > 95%BestSQ; 33.1% at the
optimal moment OST=2.5s; 29.3% would be started
earlier due to their sufficient quality >AQT; 37.2% would
be recorded with a delay >2.5s due to their compromised
BestSQ, not reaching the AQT level in the vicinity of OST.

1. Introduction

The standard 12-lead resting electrocardiogram (ECQG)
recorded for 10s on a patient at rest in the supine position
is one of the most widely used diagnostic tests in clinical
routines of all kinds and for a wide range of diseases. The
early starting of the ECG recording with sufficient ECG
quality is essential for the patient’s comfort and a prompt
reliable diagnosis. However, the ECG signals are often
contaminated by noise and artifacts that can manifest with
similar morphologies as the ECG itself and affect the
usability of the signals. Quantifying the noise in the ECG
is not straightforward, partially due to the fact that there
are many different types of noises and artifacts that can
occur simultaneously, and partially because these noises
and artifacts are often transient, and largely unpredictable
in terms of their onset and duration.

The PhysioNet/Computing in Cardiology Challenge
2011 has addressed the development of methods for ECG
quality assessment [1]. Most of the presented solutions
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apply simple procedures for: (1) detection of leads with
constant voltage [2-12] and/or low amplitude [2,6-9,13];
(2) assessment of baseline wander and high-frequency
noises by ECG filtering [2,8-10,12-14] or spectrum
calculation [3,5,15]; (3) identification of steep and/or high
amplitude artifacts [2,4-6,8,9,12] and assessment of the
quality of QRS detection [3,4,10]. Some of the presented
methods involve more complicated procedures, such as
ECG reconstruction using QRS templates [14]; prediction
of each ECG lead using other leads [13]; and cross
correlation between leads and/or lead segments [7,16].
The algorithms for recognition of diagnostically useful
ECGs combine the set of ECG measures in
computationally efficient rule-based methods [2,4-15] or
feed them in more sophisticated classifiers, such as: a
quasi-linear combination between the K™ nearest
neighbour rule and an ensemble of decision trees [16],
linear discriminant analysis, Naive Bayes, support vector
machine and multi-layer Perceptron artificial neural
network [3].

This study aims to introduce an ECG quality
monitoring system, which continuously scans the multi-
lead ECG signal and automatically detects the optimal
moment (the earliest in time, the best in ECG quality) to
start the recording of a 10s resting ECG.

2. Methods

This study presents a real-time monitoring system of
the quality of multichannel resting ECG that estimates the
‘Global Quality” (0-100%) and the ‘Global Status’ (0/1)

according to the state of all leads over the last 4s:
Nb Leads

(1) Global Quality = mc(}lian(Lead Quality;)

Nb Leads

(2) Global Status = nli]n (Lead Status;)

, where
Signal Level
Signal Level + Z Noise Levels
0 if theleadis'off
1 if theleadis'valid'

(3) Lead Quality = 100, (%)

(4) Lead Status = {

Computing in Cardiology 2014; 41:573-576.
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Abstract

This study presents a method for automated detection
of misplaced supplementary precordial leads, including
the right-sided V3R, V4R and the posterior V8, V9 leads.
Considering their uncommon use in clinical routine, a
lead reversal is quite probable and could result in
erroneous diagnosis and treatment. The method allows
real-time implementation by scoring inter-lead cross-
correlations over continuous 4s episodes, scanning the
normal progression of PQRST waveforms within leads
[V4AR, V3R, V3, V4] and [V4, V5, V6, V8, V9]. A large
16-lead ECG database with 1333 chest pain patients is
used to test the performance of the method for all possible
23 swaps between the supplementary leads V4R, V3R, V8,
V9, assuming correct positions of the standard V1-V6.
The sensitivity (Se) for lead reversals is Se=94.1+4.6%,
ranged between 78.5% and 97.8%, with the most difficult
detection of V3R/V4R swap (Se=78.5%), VAR/V9 swap
(Se=83.7%), V8/V9 swap (Se=91.8%). The achieved
specificity for the correct lead positions is Sp=83.4%.

1. Introduction

Lead reversal has been reported to occur in 0.4-4% of
all standard 12-lead ECGs [1]. This proportion might be
much higher for 16-lead ECGs, including the uncommon
used right-sided precordial and posterior leads.

The automated detection of ECG electrode interchange
is a challenging task that has been extensively studied for
limb leads, e.g. recognition of left arm (LA) and left leg
(LL) reversal by analysis of P wave amplitude [2] and
QRS, P wave axes [3]; right arm (RA) and right leg (RL)
swap alarm by search for flat line ECG in lead II [4];
detection of different LA/LL/RA reversals by direction of
inscription of the P loop and/or the frontal P axis [5],
analysis of the frontal QRS axis [6], comparison between
a composite lead aVF/I and V6 [7], reconstruction of a
lead using redundancy of information in the eight
independent leads [8], application of morphology
measurements, including QRS and P wave amplitudes,
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frontal axis and clockwise vector loop rotation combined
with redundancy features [9], gathering the features in [3]
and [8] for a more robust and accurate performance [10].

The detection of precordial lead reversals is elaborated
in fewer studies. Among above referred methods for limb
electrode interchange, only three analyse precordial leads:
[3] address reversals of 5 adjacent leads (V1/V2, V2/V3,
V3/V4, V4/V5, V5/V6), [8] evaluates reversals of 9 leads
(5 adjacent leads, V1/V3, V4/V6, V4/V5/V6/V1/V2/V3,
V6/V5/V4/V3/V2/V1), [9] handles reversals of 7 leads (5
adjacent leads, V1/V3, V4/V6). Twenty three reversals of
precordial leads (V1-V6) are tested in a previous study of
our team [11], showing that a method based on inter-lead
correlation analysis and time-alignment of R and S peaks
could provide a mean accuracy of up to 95.7%/93.5% on
77 healthy subjects with swapped/correct lead set.

Considering that supplementary precordial electrodes
are placed for specific diagnostic purposes (improved
study of right ventricle pathologies, scanning for presence
of posterior myocardial infarction, etc.) and therefore are
infrequently acquired, no methods regarding the correct
placement of right precordial (V3R, V4R) and posterior
(V8, V9) leads are found in the literature. However, their
incorrect placement can simulate or mask ECG
abnormalities and might lead to wrong therapy decisions.

The aim of this study is to present a method for
automated detection of misplaced right precordial and
posterior leads, based on the assessment of the cross-
correlation between lead pairs.

2. ECG database

The database used in this study contains resting 16-
lead ECG recordings (standard 12 leads, 2 right-sided
precordial leads (V3R, V4R), 2 posterior leads (V8, V9)),
collected from 1333 chest pain patients at the Emergency
Department of the Basel University Hospital. The signals
are acquired via a Schiller CS-200 Excellence device,
with 1kHz sampling rate, 1pV resolution, in a bandwidth
of 0.05 to 300Hz. The device does not give any feedback
to the user with respect to any lead reversal. The
precordial electrode positions are shown in figure 1.

Computing in Cardiology 2015; 42:1149-1152.
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Abstract

False Intensive Care Unit (ICU) alarms induce stress
in both patients and clinical staff and decrease the quality
of care, thus significantly increasing both the hospital
recovery time and re-hospitalization rates. Therefore,
PhysioNet/CinC  Challenge 2015 encourages the
development of algorithms for the analysis of bedside
monitor data for robust detection of life-threatening
arrhythmias. We participated in the Challenge with: (i) a
closed source implementation of Arrhythmia Detection
Library (ADLib, Schiller AG), including modules for lead
quality monitoring, heartbeat detection, heartbeat
classification and ventricular fibrillation detection; (ii)
an open source Pulse Wave Analysis Module for
verification of the hemodynamic status based on arterial
blood pressure and photoplethysmogram signals; (iii) an
open source Alarm Decision Module for final alarm
rejection/validation.

Our best scored entry in the real-time event is: score
79.41%, with 93%/83% true positive/negative rates. The
average/max running time is 12.5/29.5% of quota.

1. Introduction

There are studies reporting that only 2% to 9% of
alarms in the Intensive Care Unit (ICU) are important for
patient management [1], 6% to 40% are true but clinically
insignificant, while ICU false alarms are prevalent with
rates as high as 86% [2]. False alarms mainly induce
stress in both patients and clinical staff [3,4] and decrease
the quality of care [5] that is reported to significantly
increase both the hospital recovery time [3] and re-
hospitalization rates [6].

The bedside monitoring systems rely on real-time
automated ECG analysis for triggering ICU alarms at the
time of occurrence of critical arrhythmias. Our team had
defined real-time processing techniques for basic ECG
analysis modules: QRS detection [7], heartbeat
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classification [8], ventricular fibrillation/tachycardia
detection [9], lead quality monitoring for the recognition
of diagnostically useful ECG [10, 11]. Our experience for
real-time pulse wave (PW) detection using arterial blood
pressure (ABP) [12] would support online monitoring
systems with improved ICU false alarms rate that is
reported in cases of supplementary ABP analysis [13, 14].

This study aims to validate the Arrhythmia Detection
Library (ADL.ib, Schiller AG) for robust detection of life-
threatening cardiac arrhythmias, participating in the 2015
PhysioNet/CinC Challenge [15] with a closed source
entry in Eventl (real-time).

2. Challenge database

Two bedside monitor datasets are used [15]: training set
(750 recordings with alarm annotations shown in Tablel);
a blinded test set (500 recordings, publicly unavailable for
the purpose of scoring), including 2 ECG leads and up to 2
pulsatile waveforms (photoplethysmogram (PLETH),
ABP), sampled at 12-bit, 250Hz, passed through FIR
band pass filter [0.05-40Hz] and mains notch filter. The
alarm is annotated at 5:00 of each record, triggered by an
event appearing up to 10s before that might be present in
any signal channel. All signals can be contaminated by
artifacts, noise and disconnection failure.

Table 1. Definition of five ICU alarms: asystole (ASYS),
extreme bradycardia (BRADY), extreme tachycardia
(TACH), ventricular tachycardia (VTACH), ventricular
flutter/fibrillation (VFIB), and the distribution of true and
false alarm annotations in the training database.

Alarm Alarm True  False
type definition alarms alarms
ASYS 0 beats in 4s 22 100
BRADY  >5 beats, HR<40bpm 46 43
TACH >17 beats, HR>140bpm 131 9
VTACH  >5 ventr. beats, HR>100bpm 89 252
VFIB Fibrillation waves in 4s 6 52

Computing in Cardiolog y 2015; 42:737-740.
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Abstract

ECGs of 59 patients undergoing hemodialysis (HD):
52% males, age 59+13 years, renal disease duration
9.7£6.7 years, hemodialysis duration 5.2+4.4 years were
recorded. Serum electrolytes (potassium-K, sodium-Na,
phosphorus-Ph and calcium-Ca), urea and creatinine
levels were evaluated before and after HD. ECG analysis
on an average P-QRS-T interval in order to avoid
accidental events or noise was performed.

Pre- and post-HD ECG measurements (mean =+
standard deviations) in lead V2 were:

ST-dev_pre: 0.13+0.18 mV; ST-dev_post: 0.15£0.22 mV;
p=0.03

QRS-ampl_pre: 1.34+0.650mV;
1.55+0.79 mV; p<<0.001
T-ampl_pre: 0.43+0.31 mV; T-ampl_post: 0.36+£0.28 mV;
p=0.0016.

HD leads to a significant increase in the QRS and
decrease of the T-wave amplitude and a considerable
shift in the ST-segment. The decrease of the T-wave
amplitude and the upward shift of the ST-segment could
be explained by potassium decrease during HD. QRS
amplitude increase could be explained by the decrease of
the extracellular fluid and blood volume and hence a
decrease of the cardiac preload.

ORS-ampl_post:

1. Introduction

Hemodialysis (HD) is the most common method used
to treat end-stage renal disease. It removes waste products
and free water from the blood, restoring a proper balance
of electrolytes. This procedure causes substantial changes
in the electrical activity of the heart, observed by analysis
of electrocardiograms (ECG).

A session of dialysis results in sudden shifts in volume
and electrolytes within a short time that alters the
physiological milieu and could lead to sudden changes in

ISSN 2325-8861

the myocardial vulnerability to serious arrhythmias. The
most frequent cause of arrhythmias appears to be related
to changes in fluid status and electrolytes, particularly
potassium [1]

Initial evidence of HD-induced myocardial ischemia
has previously come from ECG-based studies
demonstrating silent ST-segment depression that occurs
during dialysis at rates that vary between 15 and 40% [2].
Singh et al. [3] assessed dialysis-induced ischemia using
sestamibi single-photon emission computed tomography.
In an unselected group of ten dialysis patients without a
history of coronary artery disease, seven developed
perfusion defects during dialysis.

Hemodialysis is often associated with a risk of cardiac
dysfunction. In a paper of Nakamura et al. [4],
measurements and analysis of ST-elevation in pre- and
post-HD patients are used for prediction of coronary
artery disease and cardiac events. The authors report HD—
induced ST-elevation of >1 mV, in 18 out of 61 patients.
During follow-up of 21+2 months, all patients from the
group with ST-elevation, as well as 21 from the rest of
the study group experienced cardiac events. The authors
explain this common manifestation of symptomatic and
silent myocardial ischemia by reduced coronary artery
oxygen delivery and increased myocardial oxygen
demand during HD. Taki et al. [5] also report ‘oxidative
stress’ in HD patients.

Another reason for the ST-elevation increase during
HD could be associated to the hemodynamic instability,
and especially to the reduction in myocardial blood flow
[6]. Blood flow reduction during HD was analyzed by
serial measurements using positron emission tomography.
The aim of this study is to investigate the ECGs of
patients undergoing hemodialysis and to assess the QRS
and T-wave changes, as well as the ST-segment deviation
induced by the procedure.

Objective of the current research is the analysis of the
ECG changes induced by HD in order to obtain risk
markers of arrhythmia, heart failure or cardiac death.

Computing in Cardiology 2015; 42:1133-1136.
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Abstract: This study evaluates the efficacy of a Pulsed Biphasic Waveform (FEW) for
reatment of out-of-hospital cardiac arrest (OHCA) patients in ventricular fibrillation (TF).
Large database (2001-2006), collected with autemaied external defibrillators (4ED),
{(FRED®, Schiller Medical 545, Francs), is processed.

In Studyl we compared the defibrillation efficacy of two energy stacks (90—130—180.J) vs.
{130—130—180.J) in 248 OHCA V'F pafients. The analysis of the first shock PBW efficacy
proves that energies as low as 90 J are able to terminate I'F in a large proportion of OHCA
patients (77% at 5 5 and 69%; at 30 5). Although the resulis show a trend fowards the benefit
of higher energy FEW with 130 J (862 at 5 5, 73%: at 30 3), the difference in shock efficacy
does not reach statistical significance. Both PBW energy stacks (90—130—I180 J) and
{130—130—180 J) achieve equal success rates of defibrillation. Analysis of the posi-shock
riythm after the first shock is also providad.

For Smdy? of 21 patienis with PBW shocks {130—130—180 J), we assessed some attending
OHCA circumstances: call-to-shock delay (median 16min, range 11-41 min), phone advices
of CPR (67%). About 30% of the patienis were admitted alive fo hospital, and 19% were
discharged from hospital After the first shock, patients admitted to hospital are more often
presenting organized rhythm (OR) (27% to 53%3) than patfients not admitted (0% to 10%2),
with significant difference at 15 5 and 30 5. Post-shock VFs appear significanily rare uniil
135 for pafients admiited to hospital (0%: to 9%:) than for patients not admitted fo hospital
{40%: to 50%). Return of OR (ROOR) and efficacy to defibrillate I'F at 3 5 and 135 5 with first
shock are important markers to predict pafient admission fo hospital.

Keywords: Aufomated external defibrillator, Pulsed biphasic waveform, Low emergy
defibrillation, Outcome from defibrillation.



pa3no3HaBaHe Ha 06pH3H

Pa3no3HaBaHe Ha eKCTPAcUCTONM B €NEKTPO-
Kapaunorpamara: 0630p Ha MeToam un
airopuTMu, NPUCKNMY B KBa3upeasHo

Bpenme

1. Yeop

PutMuuyHata efiHOCT Ha CbpuETo ce ynpasnsea oT
crieumduryHa NPoBOAHA CUCTEMA, KOSITO Bb36YXIA NPeaCchpauATa
1 KamepuTe B CTPOTo oMpefieneHa nocefosarenHoct. B enexrpo-
kapanorpamara (EKT) kamepHute cbkpalueHus (KoHTpaKuun)
CbOTBETCTBAT HA OTHOCWUTENIHO MOCTOSIHHU 1O (opma
QRS komnnekcw. PascrosHusTa mexay Tax (RR VHTEpBanu)
XapakTepuaupar CbPAeYHNs PUTHM, KOUTO Ce NpOMeHs cnabo B
CUHXPOH C AuxatenHus akt. [pu HapyweHus B nposogHata
CUCTEMA HAKOM 30HU Ha CbPHEYHNSA MYCKYN (MUOKapfa) Morat fa
NPEeansBUKaT HEHABPEMEHHI CbKPALLEHUst — BKCTPACUCTONY, 33
KouTo AbmkuHara Ha RR untepsanute u/wunu dopmara Ha QRS
KOMM/IEKCUTE Ce MPOMEHAT 3HaunTenHo. ExcTpacuctonure,
TEHEPUPAHN B Npedcbpauata (HagkamepHu), BOOAT camo 4o
pasnukin 8 RR unTepBanuTe, 3alloTo Bb3bymara AOCTUrAa Mo
KamepuTte Mo cneynpuyHig 3a Tax NPOBOAEH MbT. 3a pasfuka oT
TAX KaMepHUTe eKCTPACUCTONN Ce pasnuyasat 1 no Gpopma ot
HopmanHute QRS komnnekcw. EguHuuHata ekcrpacuctona He
NPeAn3BrKBa CUMNTOMY, HO NOSIBATA HA MHOXECTBO eMHUYHN
EKCTPACUCTONW € 3HAaK 3a HapyleHWs B MPOLECUTE Ha
fenonapusauus, KoWTo B pepuua clyyan npeplecTsa
Bb3HVIKBAHETO Ha XUBOTO3ACTPALLABALLM CbPAGYHN apUTMUN,

ABTOMATUYHOTO pasnosHaBaHe W Knacudukaums Ha
KamepHIUTE KOHTpaKUum kato HopmanHu QRS komnsieke v exctpa-
CUCTONN & 0BEKT Ha AbNTOroAMLLIHIA U3cheaBanus. ToBa e 0CHO-
BaTa Ha PUTbMHIS aHANN3, KOWTO Ce Npunara npu npoabhkuTeNnHY
24-yacosu 3armcu Ha EKT (Holter ciuctemm) u npu MoHUTOpHITE
CUCTEMIN B UHTEH3UBHUTE W XUPYPTYHINTE OTLENEHUS 3a OTKPUBaHE
W CELEHE Ha HapyLIeHWs B CbppeyHata hyHKLuA.

2. PasnosHaBaHe Ha eKcTpacmcTonm

ABTOMaTUYHOTO pa3no3HaBaHe Ha eKCTPacucTonn u
PA3NENAHETO UM HA KAMEPHU W MPEeAChPAHW W3NCKBA Npeau
BCWUYKO CUTYpHA [ETeKUWA Ha BCWUUYKW BULOBE KaMepHM
CbKpaLLlerus. ToBa BKIouBa NpeBapuTeNnHo OTXBbPMSHE Ha Apyri
BUCOKN 1 CTPbMHN BbHM B EKT (Hanpumep T BbAHKM, B penku
Ciiydan P BbHM), YECTO B YCNOBWS HA MYCKYIIHU CMYLLEHNS 1
apTedakTia, NOPOAEHM OT BNOLIEH KOHTAKT MeXy eNeKTpoauTe
1 KoXara Ha naumerTa. 3a pasrpaHuyaBaHe Mexpiy HopManHuTe
QRS Komnniekcy U eKCTPAcUCTONM B anropuTMuTe ce mpunarar
OONbHUTENHY KPUTEPUA HA BTOPO HUBO.

[MoBeyeTo pa3paboTku B Tasn 061aCT ca NPUNOKAMIA N3BbH
peanHo Bpeme, rMasHo B Holter cuctemnte. ABTOMaTMUHUTE
Knacugukaropy M3non3ear MHOTO M PasiNuHN METOOW Karo

W. Nouunckn, B. Kpbctesa, . Xekosa, . Xpuctos, T. CtosiHoB

HEBPOHHW MpEXK, CamoopraHusupally ce Mmpexu, wavelet
TpaHchOpMauun, rmasHUTe KomnoHeHtu (Karhunen — Loeve),
noMmMHoMU Ha Hermite, nuHeinHu oMckpuMUHaTOpy 1 apyru.
KnacudukaropsT Ha pe Chazal v gpyru [1] ce ocHosasa Ha
MOPQONOrYHY NPU3HALM 1 NPOABIKUTENHOCTU Ha RR UHTepBaM.
MeToabT npunara npefsaputenta o6pa6oTka Ha EKI curnanute
C ABa MepuaHHn puntbpa. MbpBrsT ¢ wipura 200 ms noaTvcka
QRS komnnekcute 1 P BbaHute. Bropust ¢ wipuHa 600 ms
oTcTpaHsBa T BbiHuTe. MsxonbT npencTasnssa GpusnonornyHus
fipend Ha Hynesata MMHUS, KOMTO Ce enMMIHIPA Ypes N3BaXaaHe
OT OpUrMHanHua curkan. QuaTbpbT 3a Npemaxsaqe Ha MpeXoBUTe
v BY cmylienns uma rpaHinuHa yectota 35 Hz. Knacudukatopst
He cbabpka QRS petextop. Komnnekcute ce pasnosHasar mo
penepHuTe Touky (fiducial paints, FP), aHotupaty B 6a3ata fjaHHM.
bposaT Ha npusHauute, u3nonsgaHn B Knacudukartopa, e
3HauuTeneH. Onpenenat ce yeTupn Buga RR uHTepBany — TekyLy,
npenxoxpat, cnefsall v ycpeaHeH. Hanuumero unu oTchCTBIETO
Ha P BbNHa ce otuuTa ¢ bynesa npomennnea. MopdonornunmTe
npusHaun ce usenuyatr ot QRS komnnekcute n T BbAHUTE.
V3nonsear ce pasnuyHu Npo3opuM U YECTOTU 3a MOBTOpHA
[mcKpeTU3aunsa upes nuHeitHa uxtepnonauus (¢ue. 1). Mpw

QRS P QRS P
-50ms | +100ms

(a) (b)

+500ms

®ur. 1. Ussnuuade Ha mopdonornyHu npusHauy ot QRS
komnnekcute 1 T BbnHute (Qurypara e saumcreaxa ot [1])

MbpBUS NOAXOA (BNABO) CUTHANBT OT HAuanoTo [0 kpas Ha
QRS komnnekca ce npencTass ¢ onpeneneH 6poit auckpern. B
TO31 CNy4ail YecToTata 3a NOBTOPHA AUCKPETU3aLs 3aBUCH OT
wupuHata Ha QRS-T cermenTa. Mpyu BTOpPUS nopxoa (BAACHO)
QRS komnnekchT U T BbAHATA Ce AUCKPETM3MPAT C PasiuHu
YecToT!. Bcuukn NpuaHaum ca rpynupany 8 12 KoHurypaumm.
lpn paspabotkata ca usnonasanu EKI 3amucu ot MIT-BIH
Arrhythmia 6asa nannu. Bbpxy 06yuasalia U3Bajka e HanpaseH
M360p Ha Knacnudukatop, 0CHOBaH Ha NMHENHIA (VCKDUMUHATOPH.
Bbpxy TecTBalla u3Bagka e NpoBeaeHa He3aBNCKMA OLIEHKA Ha
MeTofa sa knacudukauma. Pesyntatute nokassaTr 75.9%
HyBCTBUTENHOCT, 38.5% TOYHOCT Ha MONOXUTENHOTO Pa3nos-
HaBaHe U 4.7% TOYHOCT Ha OTPULATENHOTO Pa3no3HaBaHe 3a
HapkamepHu ekcTpacuctonu. CbOTBETHUTE AAHHU 33 KAMEpHUTE
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ABTOMATUYHHU BBHIIHU JEOPUBPUJIATOPU

Hedubpunanusara € XUBOTOCIACABAILA IPOLENy-
pa 33 BH3CTAHOBSBAHE HA PUTMUYHATA JE€HHOCT HA
CBPUETO C IOMOIITA HA MOIIEH €IEKTPUUECKH HM-
zvac. CTuMyanusaTa Ha CbPLUETO OT TO3M THII IIpe-
moTBpaTaBa okoJio 70—80% oT ciyyauTe Ha BHE3AIl-
=2 ChbpIeYHa CMBPT, IPOBOKUPAHA OT APUTMHUH —
zamepHa ¢ubpunanug 1 6bp3a KaMepHA Taxukap-
mEs. JKuBosacTpalnaBaliuTe apuTMHUH, CBbP3aHH C
mEnca Ha €(eKTUBHO KPBBOOOPBIIEHHE U PHCK OT
303bYHA CMBPT B PAMKHTE Ha HIKOJIKO MHHYTH, Ha-
maraT HEOOXOJUMOCTTA OT CHELIHa peaHMMalus ¢
SIHHCTBEHOTO BB3MOXHO JICUCHUE — PaHHA €JIeKT-
pEyecka nepubpunanus, CbIPOBOAEHA C MEXaHH-
=eH ChpJeveH Macax u obgmmBane. Pannarta ge-
®ubpuianus B U3BbHOOIHNYHH yCIOBHS CTAHA Bb3-
MOXHA OjarogapeHue Ha T.Hap. aBTOMaTHYHH BbH-
maE nedubpunaropu (ABJ). Te ca pasnpocTpane-
=H Ha NyGJIMYHO HOCTBIHY MECTa H CE U3NON3BAT
ot napameauuu (06ydeHn 106POBOIILH, TOXKAPHUKA-
DH, IOJUIAN).

Crenudununorto npuioxenue Ha ABJI onpenens
=e00X0IMMOCTTA OT BHEPSBAHE HA pPEAULla MHOBa-
OWOHHH PEIIEHUS M TEXHOJOTUH, CBBP3aHH ChC:

® rexepupane Ha AeUOPHUIATMOHHE UMIIYJICH C
onTEMaiga GopmMa 3a MOCTUTaHe Ha MOJOXHUTEJIEH
edeKT ¢ IO-HUCKY eHepruu U B pe3yaTaT — IIpH IO-
HECBK PHCK OT yBpexXIaHe Ha MUokapna. Tasu Tex-
=O0JIOTHS TpSAOBa #a € chobpaseHa 1 CbC ChBPEMEH-
HWTE TEHIEHIWM 3a pa3paboTBaHe HAa KOMMAKTHHU
AB]JI anapary;

® aBTOMATHYEH AaHAJHU3 Ha eJeKTpOoKapIuorpa-
smaTa (EKI') 32 aBTOHOMHO B3€MaHe Ha peIlIeHHe 3a
HaHacgHe Ha geubpuianuoHeH 1ok, 6e3 Heobxo-
OIHEMOCT OT WHTEpIpeTalus Ha pUThMa Ha NaLUeH-
Ta oT MeaunuHcko nune. [TonobHu ekcrepTHY cuc-
Temu 3a aBTomatiued EKI" ananus tps6Ba na npu-
TeXaBaT roJIIMO OBp30AeidCcTBIE U U3KIIOUUTETHO
BHCOKAa TOYHOCT, cbOOpa3eHa C BCUYKH aKTyaJlHU
MEeXIYHAPOIHM U3KUCKBaHUs 3a 6€30MacHOCT Ha Ha-
OHEHTA;

® cucrema, ocurypsBaimia paborata na ABJl B
YCJIOBMS Ha HENPSIK ChpleyeH Macax. CbBpEMEHHH-
T€ MPENOPBhKH 338 IPOIBIKUTENEH ChPACUEH Macax
¢ MHHUMAaJIHM [ay3W HajlaraT HEOOXOOUMOCTTa OT
manexned ananu3 Ha EKT, nopu xorarto T4 € 3amy-
MeHa ¢ apredakTH OT MEXaHMYHHMsS Macax BBPXY
rpbauug xoml. Jlpyra nosnessa ¢yskuus Ha ABJI e
CBbp3aHa C HENPEKbCHATUS KOHTPOJ HA KAYeCTBO-
TO Ha ChpIEUHHUA Macax, 4pe3 H3MEpBaHE Ha JbJI-
fouyMHATa ¥ 4eCTOTaTa Ha KoMmmnpecuure. Taszu 06-

paTHa BpB3Ka CIYXH KAaTO BOAAY 3a OKa3BaHE Ha
aJieKBaTHA peaHMMaIusl.

Jledpudpuanuonnu nmmyicu. TeopeTHYHOTO IIpo-
exTHpaHe Ha AehubpuIalluOHeH UMIIYJIC C ONTHMAJ-
Ha (hopma He 61 IpeIcTaBIABaJIO NPobIeM, ako Mexa-
HU3MHTE, HIPAEIld OCHOBHA poJjisi npu aedubpuna-
1y, 65Xa U3BECTHH apHOPH. 3a ChXaJICHHE OTTOBO-
PBT Ha CHPLUETO KbM €JIEKTPUYECKH IIOK € CIOXHA
KOMOHHALUS OT pefuua HenpeackasyemMu ¢GaxkTopy,
CBBbp3aHH C IPEKPATSIBAaHETO HA aKTUBAUMOHHHTE
(dpouToBe Ha GubpUITaLNs, BE30YXKIaHETO WIX YO bJI-
’KAaBaHETO Ha BpeMeTo 3a pedpakTepHOCT Ha ,,KpHU-
THYHA Maca,, Ha MHOKap/a, UHUIIMHPAHETO Ha HOBH
axTUBAaIMOHHM (poHTOBEe, pedhubpunanudara u Op.
OTumTaiiku PU3MONOrHYHATE OCOOCHOCTH Ha ChpIle-
TO, IPBOHHS KOIL, KOXHO-eJIEKTPOINHUS KOHTAKT U
TSXHOTO BIIMSHHE BLPXY WHTEH3UTETa U opMaTa Ha
TOKa Ipe3 MHOKapja, 3a/a4yaTa 3a ONTHMAJHA Je-
¢bubprTanys 3HAUUTEIHO ce ycIoxHABa. T Moxe na
Ob/ie pelieHa caMo Ype3 eTHOBPEMEHHO NIPOBEXIAHE
HA TEOPETHYHHU M eKCIIEPUMEHTAJHU U3CeIBaAHUSL.

[I'spBOHAYAIIHO € IPEJUIOKEH MOJIEN ENEKTPUIECKa
CKBUBAJIEHTHA CXeMa Ha cHcTeMaTa — nedubpuia-
TOpP—TPaHCTOpaKaJIeH HMITeTaHC—MHOKapIHa KIIeT-
Ka, KOUTO IO3BOJISIBA M3CJIEIBAHETO HA U3MEHEHHE-
TO Ha TpaHCMeMOpaHHUS MOTEHIHAT IPH Bb3feic-
TBHE C pa3siu4HU 110 hopMa nedudbpuIaliiOHHA UM-
nyscu. Ha 6a3ata na To3u Monen ca popMyupaHu
KPUTEPHUTE 33 ONTUMaJHa nebubpunanus u ca
pa3paboOTEeHN METOIM 32 JTUHAMUYHA HacTpOiika Ha
napaMeTpUTe Ha MMITYJICA B 3aBUCUMOCT OT MHIH-
BUAYaJIHATE XapaKTEpPUCTUKH Ha CHCTeMaTa II0
BpeMe Ha IIOK, CBbP3aHM C BPEMEKOHCTAHTATa Ha
ChpAEYHATA KJIeTKa, TOPaKaJIHUs MMIENaHC Ha Ma-
LHEHTA, KAaalUTEeTa Ha KOHIEH3aTOpHUTE B nedusd-
pUiaTOpa, OTHAABaHATA €HEPrusl, PeCleKTUBHO HMH-
TEH3UTETA Ha TPUJIATAHUTE HANPEXKEHHE U TOK.
IIpennoxenu ca Tpu HOBU GpopMu Ha GanaHCUpPAaHU
OudasHu UMITYJICH C IOBHILEHa eeKTHBHOCT:

— UMIYJIC THI ,,0TpsI3aHa €KCHOHEHTa“ C Bpe-
MeTpacHe Ha ¢dasute 4 ms u 6aTaHCHPAHO CHOTHO-
menne 3:1 Ha 3apsaMTe HA MOJIOXUTENTHA IbPBA
CHpsAMO OTpuuaTesHa BTopa (asza (¢ur. 1a);

— MMIIyJIC C BUCOKOYECTOTHA MOoAyJIanus Ha Oa-
JIAHCHPAHUTE UMITYJICH C YeCTOTA Ha eJIeMeHTapHU-
Te umnyicu 5 kHz u 50% xoedunueHT Ha 3anbiBa-
He (dur. 16);

— HMITYJIC BHCOKQYECTOTHA IIMPOYNHHO-UMIIYJI-
CHa MOJyJianus Ha 6anaHCHUpaHUTE UMITYJICH IO CHU-
HyCOHMJaJIeH 3akoH (¢ur. 1B).
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Abstract: The morphological and rhythm analysis of the electrocardiogram (ECG) is based
on ventricular beats detection, wave parameters measurement, as amplitudes, widths,
polarities, intervals and relations between them, and a subsequent classification supporting
the diagnostic process. Number of algorithms for detection and classification of the QRS
complexes have been developed by researchers in the Centre of Biomedical Engineering —
Bulgarian Academy of Sciences, and are reviewed in this material. Combined criteria have
been introduced dealing with the QRS areas and amplitudes, the waveshapes evaluated by
steep slopes and sharp peaks, vectorcardiographic (VCG) loop descriptors, RR intervals
irregularities. Algorithms have been designed for application on a single ECG lead, a
synthesized lead derived by multichannel synchronous recordings, or simultaneous multilead
analysis. Some approaches are based on templates matching, cross-correlation or rely on a
continuous updating of adaptive thresholds. Various beat classification methods have been
designed involving discriminant analysis, the K-th nearest neighbors, fuzzy sets, genetic
algorithms, neural networks, etc. The efficiency of the developed methods has been assessed
using internationally recognized arrhythmia ECG databases with annotated beats and
rhythm disturbances. In general, high values for specificity and sensitivity competitive to
those reported in the literature have been achieved.

Keywords: Electrocardiography, QRS detection, Rhythm analysis, Automatic beat
classification, Morphological parameters, Time-frequency analysis, Template matching,
Karhunen-Loéve transform, Independent component analysis, K-th nearest neighbors.

Introduction

The ventricular contractions and the depolarization phenomenon are identified in the
electrocardiogram (ECG) by characteristic high-amplitude waves, named QRS complexes.
Distances between them (RR intervals) define the rhythm, which is strongly influenced by the
emotions and the physical activity and less in line by the respiratory act. In heart conduction
disorders, ventricular excitation may not originate as it is normal from the sinus node, but
from other ectopic centers in the myocardium. Thus premature contractions are generated,
called also extrasystoles or ectopic beats. Typically, they are recognized by the irregular
coupling RR intervals. The premature atrial contractions (PACs) produce normally shaped
QRS complexes, while the premature ventricular contractions (PVCs) are generating a variety
of QRS waveforms, quite differing from the normal ones. The premature beat itself does not
cause symptoms but the occurrence of multiple single premature beats is considered clinically
important, since it is a sign for disturbance in the depolarization process preceding in many
cases the appearance of malignant cardiac arrhythmias.
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Abstract: Cardio-pulmonary resuscitation (CPR) is a life-saving first aid which is part of the
treatment given in case of sudden cardiac death. According to the American Heart
Association (AHA) 2005 Guidelines for CPR, there are three key components related to the
chest compressions which should be considered: (i) optimal compression depth between 3.8
and 5.4 centimeters; (ii) optimal compression rate between 85 and 115 compressions per
minute; (iii) complete chest recoil by releasing all pressure from the chest after each chest
compression (CC).

A device for automatic control of the quality of chest compressions during CPR was
developed. It embedded hardware and software solutions for simultaneous measurement of
the depth, rate and the chest recoil thus providing a feedback about the efficiency of the
cardiac massage at each CC compression. The system is applicable as a training device for
basic education in CPR or as a consulting system for rescuers on the scene of the cardiac
incident. The accuracy of the CC Device was adjusted by theoretical and experimental
calibration, and tested by planned experiments, as well as experiments with a medical team.

Keywords: Chest compressions quality monitoring, CPR training device, Accelerometer.

Introduction

Chest compressions (CC) are part of the cardio-pulmonary resuscitation (CPR) — a life-saving
first aid, which is applied in case of sudden cardiac death. The chest compression has two
phases — the active phase, when force is applied downward on the chest, and the passive
phase, when pressure is released and the chest is allowed to recoil to its normal shape. During
the active phase, the heart is squeezed between the sternum and the spine, compressing the
ventricles and causing blood to be pumped out to the lungs and body. VVenous blood returns to
the heart during the passive phase, flowing through the atria and into the ventricles. During
cardiac arrest, venous blood returns to the heart only if the intrathoracic pressure is less than
the intra-abdominal pressure. This is critical to the effectiveness of CPR [5].

Performing qualitative CPR in the treatment of cardiac arrest may increase the patient’s
chance of survival and may improve the outcome for a complete neurological recovery [3].
The American Heart Association (AHA) 2005 Guidelines for CPR [1] state that methods
should be developed to improve the quality of CPR delivered at the scene of cardiac arrest by
healthcare providers and lay rescuers. Based on what is now known about the
pathophysiology of the cardiac arrest, the physiology of CPR and the latest research, the AHA
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Summary: Recent works are aimed at development of shock advisory systems (SAS)
for automated external defibrillators (AEDs), which continuously analyze the
electrocardiogram (ECG) during non-interrupted chest compressions (CC). Being also
part of the cardiopulmonary resuscitation (CPR), small ‘hands-off’ intervals (CC
pauses) for insufflations are interrupting the CC, and thus the SAS analysis process.
This study is applied on 530 CC-contaminated ECG strips taken from 168 patients
who undergo out-of-hospital resuscitation interventions with AEDs. A statistical study
of the short duration CC pauses is performed, showing non-normal distribution with
median value of 4 seconds, quartile range between 3 and 5 seconds, min-max range
between 1 and 10 seconds. Another focus is the effect of skipping the CC pauses on
the SAS accuracy by supplying continuous non-linear CC-corrupted ECG signal for
analysis. The SAS is tested with different coupling intervals [t1, t2], where t1 is the
time before the CC pause, t2 is the time after the CC pause, t1+t2=10 seconds. The
SAS accuracy on CC-corrupted linear signals [10s+0s] compared to non-linear signals
[9s+1s], [8s+2s], [7s+3s], [6s+4s], [5s+5s] shows insignificant difference (p>0.05) for
the different arrhythmia: ventricular fibrillation between 86% and 90.3%, normal
rhythms between 88.4% and 93.5%, asystole between 80.4% and 87.3%. Several
examples illustrate the performance of the SAS analysis process on various CC
artefacts and ECG arrhythmias.

Keywords: CPR artefacts, Cardiac compression pauses, Shock advisory system, AED.
1. INTRODUCTION

Cardiopulmonary resuscitation (CPR) has been advised as the best
treatment for out-of-hospital cardiac arrests (OHCA) before the
arrival of an automated external defibrillator (AED) [3]. Minimum
‘hands-off’ intervals during CPR are advised to improve the success
rate of defibrillation since chest compressions (CC) are supplying
non-interrupted blood flow to the brain, the heart and other vital
organs. CC thus prevent from ischemia and increase the rate of
return to spontaneous circulation [2, 5, 6, 7]. According to the ERC
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Summary: Long interruptions of cardiopulmonary resuscitation (CPR) in case of a
sudden cardiac arrest result in higher failure rate of resuscitation. The current work
concerns the filtering of the chest compression (CC) artefacts during CPR, which is
essential for the CPR continuation during electrocardiogram (ECG) analysis by
automated external defibrillators (AEDs). We have studied two possible approaches —
one based on high-pass filter (HPF), and another using band-stop filter (BSF) with
adjustable cut-off frequency. The purpose is to improve the quality of the signal
provided to the ECG analysis module, aiming at a reliable decision to Stop CC if VF
is present or to Continue CC for all other rhythms, including asystole (ASYS) or
‘normal’ rhythms with ventricular complexes (NR). The two filters are tested with
artificially constructed ECG+CC signals, as well as with real ECGs recorded during
CPR. The HPF passes the high-frequency components of the QRS complexes and
effectively suppresses CC artefacts. This allows correct recognition of NR and ASYS.
However, HPF suppresses the VF amplitude thus compromising the VF detection
sensitivity. The BSF is favorable for detection of NR and VF but presents problems
for ASYS detection because there are often attending residual high-frequency
components belonging to the CC artefacts.

Keywords: ECG, AED, CPR, ventricular fibrillation, chest compression artefact,
band-stop filter, high-pass filter, adjustable cut-off frequency

1. INTRODUCTION

Public access defibrillation (PAD) programs recommend the use of
automated external defibrillators (AED) for early treatment of out-
of-hospital cardiac arrests (OHCA) advising 2 minutes of
uninterrupted cardiopulmonary resuscitation (CPR), without a check
for termination of ventricular fibrillation (VF) or a check for signs of
life or a pulse [7]. The chest compressions (CC) during CPR induce
large artefact components into the electrocardiogram (ECG) acquired
via the defibrillation pads [6]. The superposition of ECG and CC
artefacts results in accuracy reduction of AED shock advisory
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Online Adaptive Filter for Mains Interference
Suppression in Diagnostic Electrocardiographs:
Cases of Amplitude and Frequency Deviation

Todor Venkov Stoyanov, Ivaylo Ivanov Christov, Irena Ilieva Jekova
and Vessela Tzvetanova Krasteva

Abstract — In this paper we present a real-time adaptive
filter for power-line interference suppression. The filter meets
the IEC 60601-2-51 Standard requirements for diagnostic
electrocardiographs with ringing noise < 25 pV when QRS
slopes are up to 60 pV/ms. The filter can follow an amplitude
change ratio as high as 2400 pV/s and a frequency change
ratio as high as 0.15 Hz/s for 50 and 60 Hz mains interference.

Keywords — Power-line interference, Adaptive filter
50/60Hz, Ringing noise, ECG Standard

I. INTRODUCTION

Measurements on the electrocardiogram (ECG) waves
are very important in clinical diagnosis. However, there
usually exists stray capacitance between the patient and the
power lines (PL), and thus ECG measurements are easily
contaminated by 50/60 Hz mains interference. Although
modern instrumentation amplifiers have high common
mode rejection ratio, as well as shielding and grounding are
applied while recording ECG, the recorded traces are often
contaminated by power-line interference (PLI). In order to
avoid wrong identification of the ECG characteristics and
their impact on the analysis and the diagnostic accuracy,
the international standards in ECG processing tolerate
original signal distortion not greater than 25 puV [1].

There are different published techniques for 50 Hz and
60 Hz PLI elimination [2-5]. Some of them aim at a simple
solution for removal of the fundamental PLI frequency by
comb filters [2] but they distort the high-frequency QRS
components and perform well only when the PLI frequency
is fixed exactly at the stop band of the filter. The
subtraction procedure is promoted to preserve the ECG
components by applying different techniques in linear and
non-linear ECG segments. Recently, the authors of the
subtraction procedure have upgraded its work in case of
power-line frequency deviation [3]. Another promising
approach for PLI elimination is the adaptive filtering
technique, applied with or without an additional reference
channel [4,5]. To avoid the use of external antennas, a
method for automatic measurement of PLI frequency and
generation of reference sinusoid is presented in [6].

This paper introduces an adaptive filter with reference
channel, working in cases of amplitude and frequency
deviation. The results are presented to demonstrate the
level at which the proposed filter meets the international
requirements for 50/60 Hz suppression in diagnostic ECG.
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1. ADAPTIVE FILTER CONCEPTION

The block diagram of the developed adaptive filter is
presented in Fig. 1. Its sample-by-sample architecture is
designed to process the input signal in real time.

The algorithm embeds 3 modules:

1) module for measurement of the PLI amplitude and
frequency; 2) module, generating the reference signal for
the adaptive filter (REF input); 3) adaptive filter.

| ECGSample
\ 50/60Hz
L Adaptive Filtering
PLI
Amplitude and Frequency
¢ \ Measurement
Band-Pass Filter Band-Pass Filter
for 50 Hz for 60 Hz

' L

Automatic Frequency Band Detection

i

Interference Assessment
— Auto Gain Control & Frequency Measurement by
Zero Line Crossing
— Amplitude Measurement by Peak Detection

+

Check for Minimal Interference Amplitude

-

hd

REF Input| Generating the Reference Interference

Adaptive — Calculation of Frequency change
Filter  |¢ — Calculation of sinusoid

v FilteredECGSample

FIGURE 1. DIAGRAM OF THE SOFTWARE CONCEPTION FOR ADAPTIVE
50/60 HZ FILTERING.

Measurement of the interference amplitude and frequency
This module consists of the following steps:

Stepl Band-pass filtration: Two band-pass (BP) filters at
50 and 60 Hz are used for identification of the PLI central
frequency, as shown in Fig. 2. The BP filters are with 3-rd
order characteristics, used to provide steep, well separable
bands with minimal influence from the QRS components
while extracting the PLI component.

Step2 Automatic frequency band detection: By comparing
the output signal energy of the two BP filters, the algorithm
internally switches between 50 and 60 Hz processing.
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Assessment of the Cardiac Hemodynamics During
Cardioversion Using Impedance Measurements:
Preliminary Results

Irena Ilieva Jekova, Vessela Tzvetanova Krasteva and Tsvetan Nikolaev Mudrov

Abstract — This paper investigates the impedance variation
(AZ) and its synchronization with the electrocardiogram
(ECG) both captured via the defibrillation pads during
cardioversion. The observed beat-to-beat AZ patterns are
presented in terms of showing that the level of
synchronization is better for sinus rhythms and worse for
atrial fibrillations. The preliminary results suggest a set of
time-amplitude descriptors of patterns which are assessed to
express the cardiac output recovery after cardioversion.

Keywords — impedance -cardiography, hemodynamical
status, cardioversion.

1. INTRODUCTION

Hemodynamic evaluation is helpful for optimization of
treatment and monitoring of clinical outcomes in cardiac
patients. Impedance cardiography (ICG) is a technology
that provides a cost-effective, noninvasive monitoring of
hemodynamic parameters, which are needed in heart failure
treatment, by 4 or 2 electrode system placed at the base of
the neck and at the base of the thorax. ICG applies a
constant, low-amplitude, high-frequency current to the
thorax and measures the corresponding voltage to detect
changes in thoracic electrical impedance [1]. There are two
primary components of the impedance: 1) base impedance,
depending on the thoracic blood and plasma volume, chest
skeletal muscle, cardiac muscle, lung tissue, chest wall fat,
and air; and 2) dynamic impedance, associated with change
of the blood flow in the aorta during the cardiac cycle.
Since arterial blood flow is pulsatile and arterial vessel
walls are compliant, pulsatile changes in blood volume
occur in the thoracic arterial system, predominantly in the
aorta, as a result of ventricular function. During systole, a
beat-to-beat voltage drop is associated with increased blood
volume and flow in the aorta.

Recently, a number of reports on the clinical use of ICG
are published. Authors have suggested that ICG
measurements are useful for diagnosis of heart failure,
monitoring of the patient clinical status, and assisting in
medicine decisions [1]. The dynamic, beat-to-beat changes
in impedance are applicable for calculation of
hemodynamic parameters, such as stroke volume and
cardiac output which show accurate correlation to the
values calculated from direct measurements from
pulmonary artery catheters [2]. However, data continue to
suggest poor correlation between current generation ICG
devices and invasive measurements of cardiac output,
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especially in heart failure patients. Kamath et al [3] claim
that the utility of ICG in patients hospitalized with
advanced heart failure is uncertain and that although it
provides some information about the cardiac output, the
authors found modest correlation between ICG (BioZ -
CardioDynamics, San Diego, CA) and the invasively
measured values. Donati et al [4] found great discrepancy
between the cardiac index measured with ICG system
(Solar ICG module; GE Medical Systems Technology,
Milwaukee, USA, 2001) and with transpulmonary
thermodilution (PiCCO system). The cardiac index
measurements obtained with the ICG system were
underestimated when compared with the PiCCO system.

The authors in [5] study the application of ICG in
automated external defibrillators (AEDs) as an additional
non-ECG sensor for improving the accuracy in detection of
life-threatening rhythms with poor heart hemodynamics.
They report that ICG signals captured via the two ECG/
defibrillation pads are informative for detection of
satisfactory cardiac output in the cases of sinus rhythm and
non-shockable ventricular tachycardia at 80%, and for
recognition of absent or low cardiac output in the cases of
asystole, agolal rhythm and ventricular fibrillation at
95.1%.

The aim of this work is to study ICG signals captured via
defibrillator pads during cardioversion, in order to identify
a typical beat-to-beat pattern in the impedance variation
signal. The correlation of the pattern descriptors with the
hemodynamical status of the heart will be studied by
comparison between normal sinus rhythm and the pumping
dysfunction in atrial fibrillation/flutter.

II. EXPERIMENTAL SETTING

The experimental setting includes a defibrillator and a
measurement device connected to the patient via 2
defibrillation pads. The following devices are used:

* A commercial defibrillator DG4000 (Schiller Medical
SA, France). It produces shocks and injects high-
frequency (HF) current through the defibrillation pads;

= An in-house developed measurement device, named
DEFIMPULSE Recorder [6]. The following signals are
recorded for the aims of this study: 1) the
electrocardiogram (ECG) lead used by DG4000 for
rhythm analysis; 2) the slow Z variation (AZ) of the
impedance under the defibrillation electrodes. Both
ECG and AZ signals are captured at 250 Hz sampling
rate, 12bit resolution and are stored in a SD flash card.

With the permission of the ethical committee, the
experimental setting was installed in the Coronary Care
Unit of the National Heart Hospital, Sofia, Bulgaria for
study of patients undergoing planned cardioversion.
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Transthoracic Impedance Cardiogram Indicates for
Compromised Cardiac Hemodynamics in Different
Supraventricular and Ventricular Arrhythmias

Vessela Tzvetanova Krasteva, Irena Ilieva Jekova, Elina Georgieva Trendafilova,
Sarah Ménétré, Tsvetan Nikolaev Mudrov and Jean-Philippe Didon

Abstract - This paper investigates the usability of the
transthoracic impedance cardiogram (ICG) for providing
information about the different quality of myocardial
contraction in sinus rhythm (SR), asystole, 3 supraventricular
and 3 ventricular arrhythmias when using the signal recorded
via the defibrillation pads during external cardioversion. All
arrhythmias are compared to SR to reveal significant drop of
six ICG amplitude and velocity measures, defined for ICG
patterns during systole. The ICG measures are also found to
be significantly correlated with the duration of the coupling
RR interval. The results suggest that the ICG acquired via
defibrillation pads is a potential hemodynamical sensor,
which could be used to rate the severity of arrhythmia and to
improve the detection of pulseless electrical activity in AEDs.

Keywords - impedance cardiography, hemodynamical
status, arrhythmia.

1. INTRODUCTION

The monitoring of cardiac hemodynamics could provide
valuable additional information to the electrocardiogram
(ECG) analysis for determination of the patient’s clinical
status. In this respect, measurement of the impedance
cardiogram (ICG) is becoming increasingly available in the
clinical setting as a tool for assessment of hemodynamics
and volume status in patients with heart failure [1].

The common 4 electrode ICG is shown to be a useful
technique for monitoring the homodynamic effect (stroke
volume and cardiac output) of the electrical therapy in
patients with atrial fibrillation (AFIB) or sinus bradicardia
who restore sinus rhythm (SR) after cardioversion or
electrical stimulation [2].

Another study [3] reports an effective application of
tetrapolar ICG holter for indirect evaluation of cardiac
contractility by estimation of beat-to-beat stroke volume
changes, and measurement of the ejection time and
preejection period for SR beats and single, bigeminal or
trigeminal premature ventricular contractions (PVC). The
authors prove good correlation between the results obtained
by ICG analysis and a reference echocardiographic method.

Related to application in automated external
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defibrillators (AEDs), Johnston et al [4] have studied the
ICG captured via the defibrillation pads as an additional
non-ECG sensor for improving the detection accuracy of
life-threatening rhythms with poor heart hemodynamics.
They report promising results for detection of satisfactory
cardiac output in cases of sinus rhythm and non-shockable
ventricular tachycardia at 80%, and for recognition of
absent or low cardiac output in cases of asystole, agonal
rhythms and ventricular fibrillations at 95.1%.

The aim of this study is to test the usability of the
transthoracic  impedance cardiogram for providing
information about the different quality of myocardial
contraction in sinus rhythm, asystole, 3 supraventricular
and 3 ventricular arrhythmias when using the signal
recorded via the defibrillation pads during cardioversion.

II. MATERIAL

This study comprises clinical data from 152 patients
admitted to receive planned or emergency external
cardioversion (ECV) from May 2010 to May 2012 in the
Intensive care unit of the National Heart Hospital, Sofia.
The ECV is performed with the permission of the local
Ethics Committee, following standard hospital procedures,
all patients signing a written informed consent.

The experimental setting includes:

A commercial cardioverter/defibrillator DG4000
(Schiller Medical SA, France) — applies pulsed
biphasic shocks via self-adhesive defibrillation pads in
antero-apical position, with active area (2x75 cm?).
DG4000 injects low-intensity high-frequency current
via the same pads to measure the thoracic impedance;
A prototype device, named DEFIMPULSE Recorder [5]
— records the ECG lead II and the ICG signal captured
via the defi pads. Both signals are sampled at 250 Hz,
12 bit resolution, and are stored in a SD flash card.

ECG and ICG recordings before and after ECV shocks
are retrospectively evaluated. QRS detector is applied to
identify R-peaks as reference points of the heartbeats which
are then manually annotated to belong to different rhythm
categories as follows: 7759 beats for SR, 21739 beats for
AFIB, 7049 beats for atrial flutter (AFL), 706 beats for
supraventricular tachycardia (SVT), 423 PVCs, 10724
beats for ventricular tachycardia (VT). Ventricular
fibrillation (VF) and asystole (ASYS) are rarely developed
arrhytmias during ECV, observed in only 2 patients, for
which R-peak reference points could not be identified. The
annotation for these cases is done by artificial reference
points distanced at 500 ms intervals, thus collecting 122
reference points for VF and 351 for ASYS.
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Decision Support System for Prediction of the
Weaning Outcome from Mechanical Ventilation

Irena Ilieva Jekova, Vessela Tzvetanova Krasteva, Georgi Zheliazkov Georgiev,
Lyudmila Pavlova Todorova, Peter Mladenov Vassilev and Mikhail Georgiev Matveev

Abstract — This study presents a system for prediction of the
weaning outcome based on classification trees and linear
discriminant analysis. The design of several classification
models involves anthropometric and diagnostic indicators,
metabolic, ventilation, hemodynamic and heart rate
variability indices, measured just before the weaning attempt
and/or during five different modes of volume controlled and
pressure support ventilation. The designed decision support
system provides maximal balanced Se=94.7%, Sp=96.8%
when the initial data are supplied to a classification tree rule.

Keywords — mechanical ventilation, weaning predictors

1. INTRODUCTION

The weaning from controlled mechanical ventilation
(CMV) is a challenge in intensive care that requires an
expert decision based on a complex knowledge of a large
number of clinical and respiratory parameters, and analysis
of their evolution over time [1]. The removal of the
respiratory support should be performed as soon as the
autonomous respiration could be sustained, considering the
substantial risks associated with both extubation delay and
extubation failure. The research efforts during last years are
directed towards investigation of weaning predictors,
commonly measured over ventilation signals:

* The rapid shallow breathing index (RSBI) calculated as
RR/Vt (respiratory rate vs. tidal volume) — values <65 are
reported for successful weaning [1], values >130 are
representative for unsuccessful weaning [2], although a
prospective study of Lee et al [3] conclude that RSBI <130
does not necessarily preclude successful extubation.

* Maximal negative inspiratory pressure (MIP), providing
information about the strength of the inspiratory
musculature — decreased MIP values and increased airway
occlusion pressure (P0.1), especially when normalized
towards MIP, are related with extubation failure [4];

+ Minute ventilation (MV), indicative for the magnitude of
the ventilatory load — values <10 I/min are associated with
successful weaning [4];

Recently, a clinical decision support system has been
reported to provide a reliable weaning prediction based on
demographic information, physiology, diagnostic and
treatment factors supplied to a support vector machine [5].

In the last decade, a number of studies have presented
another point of view over CMV discontinuation, driving
the attention on the cardiovascular stress during the
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procedure. It is shown that patients who failed at weaning
manifest cardio-vascular insufficiency during the weaning
attempt [6,7]. Analysis of cardiac autonomic control during
weaning is shown to derive valuable information about the
presence or absence of pathologic autonomic balance. The
associated changes in the autonomic nervous system
activity are investigated in a number of studies which use
time-frequency heart rate variability (HRV) analysis to
unmask existing abnormalities in the control mechanisms
of the autonomic regulation response at different phases of
the weaning [7-9].

This study presents a system for prediction of the
weaning outcome based on classification trees and linear
discriminant analysis. The design of several classification
models involves different set of features, including anthro-
pometric and diagnostic indicators, metabolic, ventilation,
hemodynamic and HRV indices, measured just before the
weaning attempt, and/or during five different modes of
volume controlled and pressure support ventilation.

II. STUDY POPULATION

The study enrolls data from 50 patients undergoing
weaning with AVEA ventilator system (Cardinal Health,
USA) in the Central Intensive Care Unit of the University
Emergency Hospital ‘Pirogov’ - Sofia, from August 2010
to June 2013. The study population consists of 31 men and
19 women, mean age of 62+16.5 years, who have received
CMV for at least 72 hours prior the weaning attempt.
Considering the weaning outcome at the 2™ hour of a
spontaneous breathing trial (SBT) the patients are divided
into successful (N=31) and failure (N=19) group.

III. DATA COLLECTION AND PROCESSING
Study protocol

The study is following a predefined weaning protocol
approved by the local Ethics Committee. Just before the
weaning attempt (INIT state), the physician has collected
initial data related to the vital, hemodynamic, ventilation
and metabolic status. Each patient is passed through the
following weaning modes, when ventilation signals and
measurements, together with ECG signals are collected:
*CMV/SNP: CMV on patient, sedated with short-acting

hypnotic. CMV is maintained for at least 10 min, with

settings at the same level as immediately before the
study, i.e. RR=12 min', Vt=10 ml/kg, positive end-
expiratory pressure PEEP=5 cmH20O and fraction of the
inspired 02, Fi02=40%. Normal ventilation is suspended
to achieve end-expiratory occlusion of the airways and to
evaluate spontaneous breathing efforts of the patient;
«CMV/SP: — CMV is maintained with settings as in

CMV/SNR. The sedated patient is additionally paralyzed

with a short-acting/intermediate neuro-muscular blocker
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Respiration Detection Implemented in Multichannel
ECG Front End Module: A Preliminary Study

Irena Ilieva Jekova, Vessela Tsvetanova Krasteva, Alexandar Ivanov Kalaydjiev,
Tsvetan Nikolaev Mudrov, Sarah Ménétré and Jean-Philippe Didon

Abstract — A new generation single-chip low-power ECG
analog front-end module (ADAS1000) is used to develop a
system for 12-lead high-resolution ECG and impedance-based
respiration acquisition. The developed respiration rate (RR)
measurement algorithm is validated on a test respiration
database, including more than 650 reference 15s-window
sliding of 5s with annotated respiration periods and assigned
to apnea, normal, deep breathing episodes acquired in leads |
and Il. The mean RR error is found within 0.7 to 4.7 bpm,
significantly inversely related with the respiration amplitude.
Keywords — impedance, respiration, analog front end ECG

1. INTRODUCTION

Continuous monitoring of respiratory activity is
mandatory in clinical high-risk conditions, and appropriate
monitoring equipment is life-saving [1]. The approaches
for respiration measurement are categorized as applying
direct or indirect methods. In direct methods, a sensor is
coupled to the airway to quantify different properties of the
air transported into and out of the lungs, e.g. the
temperature changes in the air (nasal thermistors), the
change in carbon dioxide in inhaled and exhaled air
(carbon dioxide sensors), etc. Although the direct
measurement methods tend to be more accurate, they could
interfere with the normal respiration and could cause
discomfort for the patient.

The most commonly employed indirect methods are
impedance and inductance plethysmography [2]. In
inductance plethysmography, sensors are placed around the
chest and abdomen. They are excited by a low-current,
high-frequency (300 kHz) electrical oscillator circuit.
Movement of the chest and abdomen during respiration
causes the sensors to generate magnetic fields, which are
measured as voltage changes over time. The impedance
plethysmography, applies low amplitude, high frequency
(50 to 500 kHz) alternating current between two surface
electrodes to record thoracic movements or volume
changes during a respiratory cycle. The voltage drop
between the electrodes is proportional to the impedance,
which increases during inspiration and decreases during
expiration. A common problem for the above two indirect
respiration detection methods is that blood flow generates

I. Jekova, V. Krasteva are with the Institute of Biophysics and
Biomedical Engineering, Bulgarian Academy of Sciences, Acad.
G. Bonchev str., bl. 105, 1113 Sofia, Bulgaria,

email: irena@biomed.bas.bg, vessika@biomed.bas.bg

A. Kalajdziev, Ts. Mudrov are with Schiller Engineering - Sofia,
Acad. G. Bonchev str., bl. 105, 1113 Sofia, Bulgaria, email:
alexandar.kalaydjiev@fourmate.com, mudrovc@biomed.bas.bg
S. Ménétré, JP. Didon are with Schiller Medical SAS - 4, Rue
Louis Pasteur, ZAE Sud - BP90050, Wissembourg, France,
e-mail: sarah.menetre@schiller.fr, jean-philippe.didon@schiller.fr

70

cardiac-synchronous changes in the acquired respiratory
signal which could be a significant source of error [3].

The big advantage of the impedance-based respiration
detection is the signal acquisition via standard body surface
electrodes without additional sensors. This option for
thoracic impedance measurement is recently embedded in a
new generation of a single chip low power Analog Front
End (AFE) modules [4,5] which simplify the task of
acquiring and ensuring high quality ECG signals in monitor
and diagnostic multichannel ECG applications, such as
bedside patient monitoring, portable telemetry, holters,
defibrillators, ambulatory monitors, patient transport, stress
testing, etc. The need for fast and reliable impedance-based
respiration detection module becomes a challenging task.

This paper aims to provide a module for respiration rate
measurement which is implemented in a high-resolution
multichannel ECG monitoring system. The validation on
the test respiration database is also presented.

II. HARDWARE

This work presents a realization of a standard 12-lead
ECG and respiration monitoring system using two
cascaded AFE chips ADAS1000 (Analog Devices) [4],
connected in master and slave mode according to the block
diagram in Fig. 1. Ten electrodes, placed on the chest, are
used for ECG signal acquisition. Two of them (lead I, II or
IIT) are also employed for respiration signal measurement.
All electrodes are directly connected to the AFE input via
first-order low-pass filters to remove high-frequency noises
and anti-aliasing effect before the 19-bit analog-to-digital
conversion (ADC) in ADAS1000. ADAS1000 implements
in one low power AFE chip, all of the features that are
commonly required for a complete ECG module:
High-resolution measurement of 5 ECG channels.
Internal pace detection algorithm.

Detection of bad electrode contact.

Generation of Wilson Central Terminal.

Driven right leg.

Patient cable shield driving for suppression of the
common mode interferences.

ADAS1000 integrates the option for measurement of one
thoracic impedance channel by injecting high-frequency
current with fixed amplitude between two ECG electrodes.

The parameters of the current pulses are programmable:
Frequency setting (46.5 to 64 kHz).

Current amplitude (8 to 64 pA,.,).

Selection of the reference ECG lead for the
thoracic impedance measurement (i.e. selection of
internal respiration paths in leads I, II or III).
Programmable input gain (10 states) providing
measurement resolution of 0.02 to 0.2 Q.
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Hpena Kekona, Becena KpbcreBa
IenTpanna Jlaboparopus mo buomenununcko Muxenepctso — BAH

Pe3rome

Hoknaovm e noceemen na npobremu, C8bp3aHU C ABMOMAMUYHUA AHATU3 HA
enekmpoxapouoepaghcku (EKT) cuenanu 6 oepubpunamopu. Pazenedanu ca paspabomenu om
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TIME AND FREQUENCY DOMAIN ANALYSIS OF FIVE HEARTBEAT TYPES

Irena Ilieva Jekova, Vessela Tzvetanova Krasteva

Centre of Biomedical Engineering “Prof. Ivan Daskalov” - Bulgarian Academy of Sciences
Acad.G.Boncheyv str. B1.105, 1113, Sofia, Bulgaria, e-mail: irena@clbme.bas.bg

The analysis of the electrocardiographic (ECG) signals, especially the QRS complex as
the most characteristic wave, is a widely accepted approach to study and to classify cardiac
dysfunctions. Five heartbeat types were studied (normal beats, ventricular extrasystoles, left
and right bundle branch blocks and paced beats), searching for specific behavior in the
timing and the frequency content of the QRS complex, due to changes in the rhythm
origination and the conduction path. In the time domain the interbeat differences of the RR
intervals were evaluated. In the frequency domain the QRS power spectrum was estimated by
fast Fourier transform and a summary power spectrum in narrow frequency bands of 0.5 Hz
(FFT-BPS) was calculated. Specific patterns of the FFT-BPS for each heartbeat type were
derived and differences in the spectral frequencies were assessed. The observations allowed
to define a spectral based parameter set, which jointly with the RR intervals could be easily
processed by a standard classifier for the heartbeat type.

Keywords: heartbeat classification, QRS complex, Fourier transform, RR intervals

1. INTRODUCTION

Analysis of the electrocardiogram (ECG) for detecting different types of
heartbeats is of major importance in the diagnosis of cardiac dysfunctions, due to
abnormal changes of both the rhythm origination and the conduction path. Automatic
classification of the heartbeats has been previously done using RR intervals [1], as
well as using a variety of features to represent the alterations of the QRS waveform,
most popular of which are based on the QRS morphology [1, 2]. More sophisticated
methods apply QRS template matching procedures, such as the Matching Pursuits [2]
to expand the QRS waveform into a single time-frequency basis, like the wavelet
basis. Other authors prefer to avoid the fixed basis decomposition of the heartbeats
and to study only the ECG frequency content by Fourier transform. Minami et al [3]
classified the spectrum for three kinds of rhythms: supraventricular rhythm,
ventricular rhythm and ventricular fibrillation. However, the defined arrhythmia
classes are too general and clinical treatments in each class are not identical. More
detailed heartbeat classification is necessary for the automatic diagnostic systems and
therefore we need spectral analysis data of definitive heartbeat types.

It is the aim of the present work to study the frequency spectrum of five heartbeat
types. We expect specific spectral distributions which facilitate the derivation of
spectral pattern for each heartbeat type. Adequate estimation of this pattern is
important to define a spectral based parameter set, which reliably identifies each one
of the heartbeat types. We suggest improving the confidence of the feature set by
additional analysis of the heart-rate variations based on assessment of the difference
between the coupling RR intervals for each beat. The investigation is directed to
computer-based ECG systems and to enhancement of their diagnostic ability.
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DIFFERENCE-BASED PARAMETER SET FOR LOCAL HEARTBEAT
CLASSIFICATION: RANKING OF THE PARAMETERS

Irena Ilieva Jekova, Ivaylo Ivanov Christov, Lyudmila Pavlova Todorova

Centre of Biomedical Engineering “Prof. Ivan Daskalov” - Bulgarian Academy of Sciences
Acad.G.Bonchev str. B1.105, 1113, Sofia, Bulgaria, e-mail: irena@clbme.bas.bg

The initial step in the diagnosis of cardiac dysfunctions is the detection and classification
of different types of heartbeats in the electrocardiogram (ECG). The aim of the present work
was to assess the ability of a difference-based parameter set, containing information for an
amount of morphological heartbeat features and for the RR intervals, to provide an adequate
local heartbeat classification without requiring manual annotation of patient specific
heartbeats. The study was performed on all ECG recordings from the internationally
recognised MIT-BIH arrhythmia database. The results showed that the proposed difference-
based parameter set could be a suitable tool for classification of ventricular ectopic beats.

Keywords: heartbeat classification, morphological parameters, RR intervals

1. INTRODUCTION

The initial step in the diagnosis of cardiac dysfunctions is the detection and
classification of different types of heartbeats in the electrocardiogram (ECG). Some
arrhythmias appear infrequently, and in order to capture them the clinicians use
Holter devices. The use of specific algorithms for automatic analysis of ECG
recordings may facilitate the analysis of the very long Holter ECG recordings. A
particular aspect of the developed algorithms for automatic beat classification is the
adopted learning strategy. It is studied, paying attention to the organization of the
classifiers’ training set, and considering two main approaches: /ocal learning set and
global learning set [1,2,3,4]. In the first case the learning set is customized to the
tested patient, while in the latter it is built from a large ECG database. Traditionally
the local learning set requires a cardiologist to annotate a set of heartbeats of the
patient which are used afterwards as a basis for the classification. It is obvious that
this is associated with time-consuming manual editing of the patient’s ECG
recording. On the other hand, the capacity of the global learning set to classify new
records without additional training is balanced by a lower accuracy, since the
morphology of the QRS complexes (of one and the same type) differ not only from
patient to patient, but also from lead to lead of a same individual. Besides the learning
strategy, an important point is the parameter set, which is selected to characterize the
heartbeats. Some of the most popular ECG descriptors are based on assessment of the
QRS complex morphology [1,3,4]. Other authors use time-frequency based
parameters [4] or features calculated by QRS template matching procedures, based on
different transforms, e.g. Karhunen-Loe¢ve transform [5], Hermite functions [6,7].

The aim of the present work was to assess the ability of a difference-based
parameter set, containing information for an amount of morphological heartbeat
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COMPARISON OF SPECTRAL COMPONENTS OF CPR COMPRESSIONS
AND VARIOUS SHOCKABLE AND NON-SHOCKABLE RHYTHMS IN ECG

Ivan Asenov Dotsinsky*, Irena llieva Jekova*,
Jean-Philippe Didon#, Vessela Tzvetanova Krasteva*

* Centre of Biomedical Engineering “Prof. Ivan Daskalov” - Bulgarian Academy of Sciences
Acad.G.Bonchev str. BI.105, 1113, Sofia, Bulgaria, e-mail: vessika@clbme.bas.bg
# Schiller Medical SAS, 4 rue L. Pasteur, F-67160 Wissembourg, France

This report is related to a preliminary study in support to the novel AED feature required,
that is to analyse the ECG and propose shock advisory decision even during CPR. We
investigated the frequency spectra of a large set of pure CPR compressions on asystole and
real noise-free shockable and non-shockable ECG signals taken from out-of-hospital
resuscitation interventions over 10 s episodes, as well as, over each single CPR cycle and
heartbeat. The deviation of the spectral components of successive CPR cycles and various
spectral parameters are estimated. Statistical analysis of the spectral characteristics allows to
specify the most probable behavior of CPR and to design filters that minimally suppress the
significant ECG frequency components and keep useful information for discrimination of
shockable and non-shockable rhythms.

Keywords: ECG signal processing in AEDs, Cardio-Pulmonary massage, FFT

1. INTRODUCTION

Continuous cardiopulmonary resuscitation (CPR) is the best treatment of out-of-
hospital cardiac arrests since it contributes to the sustained cerebro-vascular function
until the arrival of an automatic external defibrillator (AED). The actual guidelines
for resuscitation and use of AEDs require interruption of the CPR massage during
automated analysis of the electrocardiogram (ECG) [1]. The chest compression
artifacts originating mainly from the electrode-to-skin interface with possible
components arising from the mechanical stimulation of the heart and thoracic
muscles [2] could lead to false AED shock advisory decision. However, long
interruptions of CPR result in lack of cerebral and myocardial blood flow and can
significantly reduce the recovery rate of spontaneous circulation and the 24-hour
survival rate [3,4]. It is expected that the future concepts in basic life support will
enhance the CPR effect by allowing continuous CPR even during the ECG analysis
process in AEDs. For this purpose the CPR artifacts should be effectively removed.

Recently many approaches on CPR artifacts suppression have been developed,
based on high-pass filters with fixed coefficients [5], adaptive filters using the
thoracic compressions as a reference signal [6], sophisticated adaptive approaches
requiring up to four reference signals strongly correlated to the interference [7], etc.
However, the problem is opened for building a CPR filter with minimal supression of
the significant ECG frequency components. The optimal filter design could be
defined after discovery of evidences for discrimination between the spectra of CPR
and the different ECG arrhythmias.
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TRANSTHORACIC IMPEDANCE PATTERNS DURING SYSTOLE
REVEAL AN IMPROVEMENT OF CARDIAC HEMODYNAMICS
AFTER EXTERNAL CARDIOVERSION OF ATRIAL FIBRILLATION

V. Krasteval*, I. Jekova', E. Trendaﬁlovaz, S.Ménétré3, JP. Didon®
Institute of Biophysics and Biomedical Engineering, Sofia, Bulgaria; *National Heart
Hospital — CCU, Sofia, Bulgaria; 3Schiller Médical SAS, Wissembourg, France

Abstract

This study aims to test the usability of the transthoracic impedance cardiogram (ICG) for
assessment of the quality of myocardial contractions in atrial fibrillation (AFIB) vs. sinus
rhythm (SR), using signals recorded via defibrillation pads during external cardioversion
(ECV). Data from 88 patients with persistent AFIB who received planned ECV are processed.
AFIB is treated with cardioverter/defibrillator DG4000 (Schiller Médical, France) using a non-
escalating protocol 200J/200J/200J. Successful ECV is defined as restoration of SR for > Imin.
The electrocardiogram (ECG), thoracic baseline impedance (Z) and dynamic impedance
components dZ, dZ/dt captured via self-adhesive pads in antero-apical position are processed.
Heartbeat contractions are evaluated by several measures extracted from the mean ICG
patterns during systole: from dZ pattern - ICG peak (amplitude, range, area); from dZ/dt
pattern - ICG velocity peak (range, area) and left ventricular ejection time (LVET). The
hemodynamical indices measured before and after ECV are: mean heart rate over 2 minutes
(HR), standard deviation of HR (HRV), systolic (SysBP) and diastolic (DiaBP) blood pressure.
When the rhythm converts from AFIB to SR (74 patients), all measures on dZ, dZ/dt patterns
significantly increase: dZ (64-102%), dZ/dt (31-67%), LVET (18%), p<0.05. Significant
decrease of HR (-36%), HRV (-53%), SysBP (-11%) and DiaBP (-19%) are also observed.
Unsuccessful ECVs without conversion to SR (14 patients) are, however, associated with non-
significant increase of dZ (10-21%), dZ/dt (0.3-29%), LVET (9%), p>0.05 when comparing
initial AFIB vs. post-shock AFIB. No clear change in HR (-9%) and HRV (6%), and slight
decrease of SysBP (-10%) and DiaBP (-8%) are observed.

The superiority of dZ, dZ/dt pattern measures in post-shock SR vs. pre-shock AFIB is related to

clinical data.

" Presenting author: vessika@biomed.bas.bg
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can alter signal amplitudes. Therefore, to ensure accurate
results, it is essential to choose an appropriate measure-
ment configuration and consider body posture and
activity.

Evaluation of Cardiogenic Impedance Posture Depencency in Dogs

200{ 7= ,_ ™
=2 @ Average difference
§ 150 ] @ Max difference b
kK] v Min difference

ol .

Ki K2 K3 K4 K5 K& K8 Ke KA KD KV
Measurement Vector

19-11

Efficiency of 90 Joules vs 130 Joules pulsed biphasic
in out-of-hospital cardiac arrest

Didon, Jean-Philippe', Fontaine, Guy', Jekova, Irena’,
Schmid, Johann Jakob!
IR&D, Schiller Medical Sas, Wissembourg, France

Low energy shocks for the treatment of out-of-hospital

cardiac arrest is mandatory to decrease the possible shock
related myocardial damage and to reduce the equipment size
and weight. A study has been performed to compare the
efficiency of 90 as opposed to 130 Joules (J) to defibrillate
patients in out-of-hospital cardiac arrest in collaboration with
the fire brigades of Nancy (France), between April 2001 and
January 2004. A preliminary study on 157 patients showed
that a “call to patient’s side” delay was 10.1:£7.5 min. The
defibrillation pulse was a US patented pulsed biphasic
waveform. The patients were classified in two groups each
composed of three energy levels: Group A consists of 119
patients in whom the first shocks was: 90 Joules, Group B
consists of 129 patients receiving 130 J as the first shock.
The termination of VF was studied at 5, 15, 30 s relatively to
the first energy level used in each group.
Conclusion Energies as low as 90 J are able to defibrillate a
large proportion of patients stressing the value of the new
waveform. The difference in shock efficiency in the
treatment of out of hospital cardiac arrest does not reach
statistical significance but shows a tendency towards the
benefit of 130 J as opposed to 90 J to defibrillate VF.

@ Springer

Time (s) Group A (%) Group B (%) P

5 77.3 86 0.07 NS
15 74 79.8 0.27 NS
30 69 72.9 0.49 NS
19-12

Prognostic significance of pro BNP test in patients
with CHF. High values are related to prognosis,
ICD discharges

Tachetti, Fabio', Felicani, Cristina®, Moccia, Elvira®,
Lepera, Giovannina®, Sun, Leilei®, Naccarella, Franco®
"Information And Communication Technologies, Consulting
Group, Milan, Italy, Istituto Di Medicina Interna, Policlinico
Sant’orsola, Bologna, Italy, *Medicina Legale, Policlinio
Gemelli, Roma, Italy, “Cardiology Department, Azienda Usl
Di Bologna, Bologna, Italy, SInternational Affairs, University
Of Perugia, Perugia, Italy

Introduction ProBNP is currently applied in the manage-
ment and risk stratification of patients with CHF, and in the
effectiveness evaluation of devices therapy (DT).

Patients and Methods In the SHAPE project, two groups of
CHF patients were evaluated: Group A) 160 consecutive
non selected patients, Group B) of 19 patients with CHF
and an ICD) 7 patients, with VVI or CRT therapies.
Results In Group A, in the 20 patients with a proBNP of
more than 2,500—3,000 pg/ml, we observed five episodes of
HF and two CD in the following 3 months, four recurrences
of minor CHF, in the group with a proBNP value betweeen
2,500 and 1,500. No problems or clinical recurrences, were
observed below 500 or less of proBNP. In the range
between 501 and 1,500 pg/ml, all the patients had history of
cardiac disease, CHF or abnormal EF%, but no clinical
episodes were observed. In Group B, 6/19 with appropriate
discharges or ATP treatments, were observed with a mean
value of proBNP of 2,000+560 pg/ml. In one patient, with
a reduced value of proBNP, a severe hypokalemia was the
cause of the arrhythmic storm and of ICD discharges.
Conversely, no discharges were observed in 13/19, with a
mean value of 450+550.

Conclusions Patients, with appropriate DT interventions,
show higher mean value of proBNP. Thus, patients with
unstable CHF, as documented by high blood peptide values,
are at high risk of ventricular arrhythmias.
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Value of pulsed biphasic defibrillation shocks
for the treatment of Out-of-Hospital Cardiac Arrest
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Purpose Effectiveness of Biphasic Defibrillation Waveform
(BDW) shocks for the treatment of Out-of-Hospital Cardiac
Arrest (OHCA) has been proven to be more effective than
monophasic in clinical practice [1]. The goal of this work is
to study the safety and efficacy of a new pulsed biphasic
waveform (PBW) on patients in OHCA using ERC 2005
Guidelines.

Materials and Methods A two-tiered emergency district
(Nancy, France, 258,000 inhabitants) was involved between
July and December 2006 where 84 patients experienced
OHCA. The ROSC and discharge from the hospital is
compared to data from the literature. ¢ test is used to
compare outcomes with literature.

Results Fifty-four OHCA (64%) have been witnessed (18
rescuer witnesses). Twenty-one (25%) who experienced
OHCA had documented witnessed VF. The call-to-shock time
was 17.9 min (+7.7), median=16 min (min=11 min, max=41).
Fourteen of the witnessed OHCA patients (67%) received

bystander CPR, six of them (28%) were rescuer witnesses.
Half of VF patient events took place at home (n=10, 48%), 9
(43%) in public places. Fourteen (58%) had ROSC at any
time of intervention. Eleven (46%) patients had ROSC at
arrival and were admitted to the hospital. Discharge is known
for ten patients, four (19%) were discharged alive without
neurological alteration. None of ROSC and discharge
outcomes lead to significant value: (ROSC in [1]: 61% over
51 patients [p=0.25], [2]: 69% for 29 patients [p=0.11];
discharge in [1]:14% over 51 patients [p=0.6], [2]: 31% for
29 patients [p=0.34]). The delays were higher in this study as
compared to [1] (median=8 min) and [2] (average 6.3+
1.5 min [p<0.0001]).

Conclusions Despite disadvantaging call-to-shock delay,
this study using PBW in Out-of-Hospital Cardiac Arrest
combined with ERC 2005 Guidelines, showed comparable
outcomes to standard biphasic waveforms.

References
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Abstract

BACKGROUND Long pre-shock ‘hands-off intervals without chest compressions (CC) are
associated with defibrillation failure. Current guidelines recommend shortening the ‘hands-
off intervals. The aim of this study is to present the performance of a Shock advisory
System (SAS) which is designed for triggering a fast ECG analysis at minimal delay after
the end of chest compression (EoCC).

METHOD A subset of 1263 strips is identified from 311 Out-of-hospital cardiac arrest
(OHCA) interventions. AED rhythms include 1182 Non-Shockable strips (788 asystoles
(ASYS), 394 other nan-shockable rhythms (OMS)), and 81 ventricular fibrillations (VF). The
SAS with minimum *hands-of intervals first detect the real end of CC (ReEoCC) offset
considered as the earliest triggering point for a reliable ECG analysis without CC arifacts.
Then, it performs a fast ECG analysis to lead to “Shock/Mo shock™ decision. Specificity (Sp)
for ASYS and OMNS and sensitivity (Se) for VF are computed

RESULTS The ECG analysis is triggered immediately at ReEoCC. The gain in time for
earlier starting ofthe ECG analysis is found to be 5.6+3.6 seconds. The accuracy of the
SAS is tested for 6 seconds analysis duration. The SAS “Shock/MNo shock™ decision is
provided 10.6+3.9 seconds earlier than the current AED decision. The SAS performance is
compared to the AHA recommendations for Sp, Se and 90% one-sided lower confidence
limit (LCL90) for noise-free signals (Table 1).

CONCLUSION The accuracy of SAS for fast ECG analysis at minimal delay after the end of
CC fulfills the AHA goals (Sp/Se and LCLE0) for ASYS, ONS and VF rhythms. A reduction of
‘hands-off" time of 10.6 seconds (between end of CC and end of analysis) in average can
be expected, when compared to current AED decision delay. Table 1: Accuracy of SAS with
minimum ‘hands-of" intervals

ASYS ONS VF
Sp |LCLso| Sp |LCLso| Se | LCLso
Resulls | 98.0% | 98.203 | O8.7% | 97.8% | 96.3%| 92.8%

TT0/788 380/304 TEIB1
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Abstract 193: Transthoracic Impedance Patterns During Systole
Reveal Changes in Cardiac Hemodynamics Using External

Defibrillators
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Article Info & Metrics

Abstract

BACKGROUMD: This study aims to test the Automated external defibrillators (AED)
transthoracic impedance cardiogram (EICG) as a potential sensor for detection of
compromised hemadynamics in diferent arrythmias (atrial fibrillation (AFIB), atrial flutter
[AFL), ventricular tachycardia (WT)) vs. sinus rhythm (SR).

METHOD: ECG and ICG recordings via pads in antero-apical position from 106 patients
with AFIB, AFL, VT who received external cardioversion (ECW) with external
cardioverter/defibrillator are retrospectively processed. EICG patterns are accumulated to
compute EICG measures (maximal EICG velocity (dZidt-PEAK), ventricular ejection time
(VET), ventricular ejection ratio (VER=VET/ RR interval)), static impedance (Z).
Hemadynamical indices are collected: heart rate (HR), HR variability (HRV), systolic and
diastolic blood pressure (SYS, DIA).

RESULTS: ANOVA test indicates that EICG measures significantly differ in AFIB, AFL, VT vs.

5R (Table 1). Multiple linear regression shows that EICG measures are significantly
dependent on hemodynamical indices (HR, HRY, S¥S, DIA) with multiple correlation
coeficient R=0.49 (VET), 0.54 (dZ/dt-PEAK), p=0.001, whereas 7 is not correlated. Linear
discriminant analysis (LDA) shows that a combination of dZ/di-PEAK, VET, VER is able to
discriminate either AFIB, or AFL, or VT from SR with respective accuracy of 92.8%, 93.9%,
08 1%.

COMCLUSION: EICG measures are significantly correlated to hemodynamical indices and
are altered in AFIB, AFL, VT compared to SR. EICG is a potential sensor for compromised

cardiac hemodynamics in AFIB, AFL, WT with a discrimination ability for VT vs. SR of 99.1%,

but lower for AFIB and AFL vs. SR (around 93%).
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Detection performance of an automatic lead reversal detection module
Roger Abicherli*®, Remo Leber’, Irena Jekova®, Vessela Krasteva®,
Ramun Schmid?, Johann-Jakob Schmid®, Christian Miiller®

“SCHILLER AG, Research and Signal Processing, Baar, Switzerland
bUniversity Hospital of Basel, CRIB, Basel, Switzerland

“Institute of Biophysics and Biomedical Engineering, Bulgarian Academy of

Sciences, Bulgaria

Background: Lead reversal and lead mismatch can simulate ECG abnormal-
ities such as ectopic beats, intraventricular conduction disturbances, chamber
enlargement or ventricular pre-excitation. Further simulation or concealing of
myocardial ischemia or infarction might be seen on the ECG trace as well which
might lead to the wrong decision of therapy. Lead reversal such as right arm (RA)
and left arm (LA) usually can be detected by an experienced ECG reader or by
computer algorithms. In such cases, a second ECG can be taken. Lead reversal
has been reported to occur in 0.4-4% of all cases in standard 12-lead ECGs.
Methods: We performed a retrospective analysis of 532 16-lead ECGs
including standard 12-lead plus right precordial leads V3r and V4r as well as the
posterior leads V8 and V9. The ECGs were acquired from chest pain patients at
an emergency department. The ECG device did not give any feedback to the
user with respect to lead reversal or lead mismatch at all before, during or after
acquisition. A lead reversal detection module based on correlation analysis of 3
subsets within the acquired 16 ECG leads was investigated. The numbers of
possible lead reversal in each subset were computed.

Results: We found in 24 cases possible lead reversal in the standard limb
leads (I, II, III, aVR, aVL, aVF), 40 in the standard chest leads (V1-V6)
subset of the standard 12-lead, 99 in the subset of V3r and V4r and 43 in
the V8 and V9 subset. Therefore, the amount of possible lead reversal
found was 5%, 8%, 19% and 8% in the corresponding lead subset with the
highest number in the right precordial leads V3r and V4r.

Conclusions: Lead reversal might be much higher than estimated.
Clinically accepted lead systems that are known and used since some time
such as the standard 12-lead system give compared to the combinations of
possible mistakes the lowest relative lead reversal number.

http://dx.doi.org/10.1016/j.jelectrocard.2014.08.017

Detection of atrial fibrillation using contactless facial videoplethysmography
Jean-Philippe Couderc, PhD?, Lalit K. Mestha, PhD®, Survi Kyal, MS®,
Beilei Xu, PhD®, Jean Xia, MSc?, Burr Hall, MD"

“Univ of Rochester, Rochester, NY

" Xerox Corporation, Webster, NY

Introduction: We developed a new method to measure the beat-to-beat blood
pulse based on non-contact video recordings of a patient’s face. We hypothesize
that the accuracy of this technology enables the detection of increased blood
pulse variability due to the presence of atrial fibrillation (AF).

Methods: We enrolled adult patients referred for electrical cardioversion to
treat persistent AF. We simultaneously recorded 12-lead Holter ECGs and
video of the patients’ face at a distance of ~4 feet prior, during and after
the procedure. We extracted the beat-to-beat pulse rates expressed as pulses
per minute (ppm) by detecting the subtle variation of the skin color of the
patients’ face: videoplethysmography (VPG). The ECG signal was used as
a reference to compare the variability of the heart rate (RR intervals) to the
pulse rate (pulse peak intervals) using 5 parameters standard deviation of

0022-0736

intervals (SDRR), root means square of successive differences of intervals
(RMSSD), Shannon entropy (ShE), standard deviation of the minor axis
(SD1) and of the major axis (SD2) of the Lorentz plots of these intervals.
We extracted two stable 15-second signals per patient one before (AF) and
one after (sinus) successful cardioversion. Stability was defined by the
absence of patient’s head movement.

Results: Stable recordings from 10 subjects (64 + 6 years, 7 males) were
analyzed. The VPG and ECG-based heart and pulse rates were not
statistically different: 74 £ 25 vs. 73 =23 bpm (p = 0.44) during AF, and
55+12 vs. 54+ 12 ppm (p=0.4) during sinus rhythm. All ventricular
contractions during sinus rhythm were detected using the VPG signals.
During AF, 2% of the cardiac beats measured on the ECG signals were
undetected on the VPG signal. A consistent and significant decrease in
beat-to-beat pulse variability was measured in the VPG signals after
successful cardioversion for SDRR (133 +89 vs. 51 +24, p=0.002),
RMSSD (176 £90 vs. 70 + 34, p=0.002), SD1 (129 +58 vs. 51 +23,
p=0.002), and SD2 (139 + 74 vs. 46 = 17, p = 0.002).

Conclusions: Our preliminary results support the concept that contactless
video-based monitoring of human face for the detection of abnormal pulse
variability due to AF is feasible.

http://dx.doi.org/10.1016/j.jelectrocard.2014.08.018

The predictive power of ECG metrics for bradyasystolic cardiac arrest
Quan Ding®, Yong Bai®, David Mortara™, Duc Do®, Noel G. Boyle®, Xiao Hu®
“University of California, San Francisco, CA, USA

bUnivers[ty of California, Los Angeles, CA, USA

“Mortara Instrument, Milwaukee, WI, USA

Objectives: We investigated 10 metrics derived from four leads of
electrocardiographic (ECG) signals from hospital patient monitors to study
their power for predicting adult bradyasystolic cardiac arrests.

Methods: A retrospective case—control study was designed to analyze 10
ECG metrics from 22 adult bradyasystolic and their 303 control patients.
The 10 metrics were PR interval, P-wave duration, QRS duration, RR
interval, QT interval, estimate of serum K+ using only frontal leads
(SerumK?2), T-wave complexity, and ST segment levels for leads I, I, V1
(ST I, ST II, ST V1), most of which are not available from patient
monitors. We used four ECG lead signals from hospital patient monitors,
sampled at 240 Hz. A software program provided by Mortara Instrument
was used to automatically extract the metrics. A robust linear fitting of the
time series of these metrics was implemented to obtain the slopes of
consecutive trending windows of each metric. True positive rate (TPR) and
false positive rate (FPR) of absolute values of slopes of these metrics were
derived to evaluate their predictive power.

Results: Sliding analysis windows of 5 minutes was used to extract the
metrics from the time series signal, and successive windows overlapped by
4 minutes. Slopes were derived from 2-hour trending windows of each metric.
It was observed that each metric could achieve a TPR of at least 4.6% with an
FPR no more than 1.8%. Specifically, QRS duration (absolute value of slope
>21.3 ms/hour), ST I (absolute value of slope >53.3 ms/hour), and ST II
(absolute value of slope >87.2 ms/hour) achieved a TPR of 13.6%
(FPR = 1.7%), 13.6% (FPR = 1.3%), and 9.1% (FPR = 0.8%), respectively.
Conclusions: ECG metrics in addition to what are available from patient
monitors are able to detect a small subset of patients with bradyasystolic


http://dx.doi.org/10.1016/j.jelectrocard.2014.08.017
http://dx.doi.org/10.1016/j.jelectrocard.2014.08.018
http://www.sciencedirect.com/science/journal/01678809
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