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The submitted dissertation deals with the problem of recording, processing and diagnostic 
interpretation of electrograms (EG) recorded from isolated rabbit hearts; particularly it 
investigates the possibility to use some parameters derived from the measured EGs to 
distinguish between normal physiological conditions and different stages of global ischemia. 
It is also focused on selected cardial and extracardial factors that may influence the proposed 
parameters and their interpretation. Last part of the dissertation is devoted to proposal and 
comparison of several algorithms for automatic detection of myocardial ischemia, including 
approaches using single and multiple features as well as binary and multiclass classifications. 

The thesis has 125 pages of text, including 72 figures and 29 tables. Additional 40 pages 
contain references, lists and 12 appendices with multiple tables or figures. The thesis is 
extremely rich on experimental results and their qualitative and quantitative or statistical 
evaluation. 

 
Field and topicality of the thesis 

Despite the ischemic and reperfusion injury has been studied for a long time in humans as 
well as in animal experiments using electrocardiography as the fundamental tool, there is still 
a need to improve the accuracy (e.g. sensitivity and specificity) of existing diagnostic 
methods or to develop new ones. This is true not only for the measurements in humans but 
even more for experiments in animals that are effectively used in experimental cardiology to 
study the cardiac disorders from sub-cellular to whole-body level. For animal experiments, 
including rabbits as one of the most frequently used model, the exact criteria for assessment 
of ischemia are partially missing (including the role of mutual heart-lead position, definition 
of ischemia severity or selection of proper EG parameters). Similarly, effects of some 
possible factors influencing the heart activity (e.g. used solutions, drugs and dyes) were still 
not studied in detail. This makes the interpretation of the results difficult or even impossible.   

The fact that the coronary artery disease still represents the major cause of morbidity and 
mortality in many developed countries stresses the need of further research in this field and 
the topicality of the theme. It is also out of doubt, that the theme of the thesis focused on 
proper selection, recording, processing and interpretation of EG parameters and design and 
evaluation of methods and algorithms for automatic classification of ischemic condition has 
its place within the field of “Biomedical Electronics and Biocybernetics”.  

 
Aims of the dissertation and their fulfillment 

The main aims of the thesis are focused on selections of proper EG parameters enabling 
assessment of ischemia in animal study on isolated rabbit heart, investigation of selected 
factors which may affect the results, and methods that could be used for automated ischemia 
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classification. After brief overview of the status in the field of electrophysiological studies the 
aims are formulated in chapter 2 on page 18 and they include: 

1. proposal of patterns/parameters for description of EGs recorded in rabbit isolated heart 
under normal conditions, 

2. quantification of the heart response to repeated short term perfusion stopping and 
selection of suitable electrode placement and EG and VCG parameters for monitoring of 
the induced ischemia and reperfusion, 

3. investigation and quantification of the effects of stopped perfusion on hearts with 
increased left ventricle (LV) mass and their identification,  

4. investigation of the effects of the voltage-sensitive dye (VSD) under normal and ischemic 
conditions and verification of its suitability for monitoring of the membrane potentials, 

5. development and testing of methods for automated ischemia detection (including hearts 
with increased LV mass and hearts after VSD administration), implementation and 
comparison of approaches based on single or multiple features, using binary or multiclass 
classification and delineated or non-delineated input EGs.   

According to my opinion, all above mentioned goals were achieved on a very high level and 
results of the thesis significantly contribute to more detailed understanding of the short term 
repeated global ischemia of the rabbit heart and its influence on a large number of parameters 
derived from EGs and VCGs. Some of the findings on the rabbit model allow also better 
understanding and interpretation of the ECG measurements in humans.  

 
Used methods and original results of the dissertation 

In chapter 3 the experimental protocols enabling to fulfill the goals of the thesis are proposed. 
They include (1) rotation of the heart along the longitudinal axis to be able to investigate the 
influence of electrode positions, (2) repeated short term stopping of the perfusion to 
investigate its impact as well as the effect of preconditioning, (3) separation of the 
experiments with hearts of increased LV mass to be able to estimate its effect and (4) dividing 
experiments with and without VSD application to investigate its impact. For each protocol, 
methods used for EG processing are described. They include baseline correction, QRS 
detection, selection and clustering of heart cycles as well as their post processing. After that, 
formulas for computation of proposed EG and VCG parameters are presented. The EG 
parameters were divided into 5 groups: based on intervals, voltages and integrals (areas under 
curve –AUC, absolute AUC and relative AUC). The VCG parameters were divided into 4 
groups: common, 3D loop based,  2D loop-area based and 2D loop centroid based.  

In chapter 4.1 the experiments with hearts in normal conditions and during ischemia were 
completed either in several heart positions during a single perfusion stop or as continual 
measurements in single heart position during repeated perfusion stops.  Individual parameters 
and their changes related to electrode position and ischemic status were analyzed. Their 
ability to early detect and distinguish the ischemic states was assessed (using their 
distributions, correlations, appropriate statistical tests and receiver operating characteristics –
ROC).  

In chapter 4.2 the effect of increased LV in physiological and ischemic conditions was 
investigated. The hearts with increased LV mass were identified after the experiments using 
the LV weight/ heart weight criterion (value >0.57). Despite histological examination did not 
show significant collagen content differences, structural differences were documented.  
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In chapter 4.3 the effects of VSD on the EGs under normal and ischemic conditions were 
investigated. Because of obtained responses of hearts with low and high LV mass, only low 
LV mass hearts were retrospectively included in the control group. 

In chapter 5 different approaches to automatic detection of ischemia in electrograms were 
investigated. Among others, methods using single feature or multiple features were 
investigated while commonly used as well as newly proposed features based on time-integral 
or VCG values were used. Different methods for feature selection (based on ranked Spearman 
correlation or ranked weighted principal components coefficients) were applied. 
Classification to two (ischemic-nonischemic) and to 4 or 11 classes (representing the 
occurrence and degree of ischemia) was attempted. Several classification methods were 
compared: thresholding, decision tree, quadratic and linear discriminant functions (LDF), k-
nearest neighbors and support vector machine (SVM) with linear and Gaussian kernel 
function. All approaches used for feature selection and classification were cross validated in 
two ways: using the leave-one-out validation and 10-fold cross-validation. 

The obtained results of the dissertation thesis contribute particularly to the field of 
electrophysiological research. They are focused on experiments with isolated rabbit hearts 
undergoing global short-term repeated perfusion stopping. Within the particular chapters 
numerous original findings concerning the behavior of investigated parameters under specific 
conditions (time after ischemia onset, repeated perfusion stop and preconditioning, mixed 
cardial factors and VSD influence, etc.) were presented, substantiated and discussed.  

The following, more general results of the dissertation can be considered most 
important: 

- Proposal of the methodology enabling recording of electrical activity from different regions 
of the isolated rabbit heart using 3 orthogonal leads and rotating the heart around the vertical 
axis. 

- Definition of parameters (36 derived from EGs and 30 from VCGs), their computation and 
detailed description of their behavior during normal physiological conditions and during 
repeated short-term ischemia.   

- Finding that the initial phase of global ischemia can be best identified by electrodes in the 
antero-lateral region and in parameters reflecting the changes in the depolarization phase (in 
contrast to local or severe ischemia manifested mainly in the posterolateral region and in the 
repolarization phase). 

- Identification of heart with increased LV mass by area under QRS in leads facing the 
anterolateral LV. Ischemia criteria (cut-offs) for these leads should be calculated separately 
for hearts with normal and increased LV mass or “insensitive” (e.g. ST-T-based) parameters 
should be used. 

- Finding that the use of VSD has significant influence on the heart electrical activity, namely 
prolongation of RR and QT what is reflected in corresponding parameters. The slowing 
down of the heart rate also delays the manifestation of ischemia and its severity. 

- The effects of repeated short-term ischemia (preconditioning), increased LV mass and 
application of VSD on efficacy of ischemia detection in electrophysiological data were 
quantified for the first time. 

In the field of automated detection of myocardial ischemia several approaches were proposed 
and tested on measured data sets. Some of the interesting outcomes of this extensive part of 
the thesis were: 
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- Small sets of classification features (7 and less) give better results than large sets leading to 
overfitting. 

- Features based on QRS and ST-T time integrals and VCG parameters are potentially most 
promising for classification, QRS parameters seem to be most informative. 

- SVM-based classifiers with linear kernel provided best results, for fast computations LDF 
classifiers can be used instead.  

 
To the presented methods and results I have following questions: 

- Concerning the protocols: would it not be possible/useful to measure the hearts in basic 
position rotated so that the VCG parameters could be compared with the usual definition 
(not with 45 degree rotation) ? 

- To what extent could be results with rabbit hearts with increased LV mass applied to LV 
hypertrophy ? What could be the limitation ? 

- Could the size of the hearts with increased LV mass and related changed heart-electrode 
distance influence the experimental results, especially those related to EG amplitude (and 
derived AUCs) ?  

- To achieve best ROC in distinguishing the ischemia, the cut-offs for particular parameters 
were set a posteriori to optimal values that were sometimes very different in dependence 
on the specific experiment. Could this fact have significant impact on the selection of 
“optimal” sets of parameters in practical situations where we do not have desired a priori 
information (about exact electrode position, LV mass, time after ischemia onset, …) ? 

- It seems to me that your results, in generally, tend to prefer EG parameters that are 
dependent on the EG amplitude (AUCQRS for LV mass, QRS-related to early detection of 
ischemia, …). What do you think about the applicability of these results to surface ECG 
where the amplitudes can be largely influenced by extracardial (body-dependent) factors ?         

 
Finally, a few comments to the thesis: 

In my opinion, the thesis is written very carefully, the implications are widely supported by 
references. The work is extremely rich on experimental data and results. They are explained 
and discussed in detail in individual chapters, what I appreciate. However, sometimes the 
contradicting partial results make it difficult to follow the main dependencies or tendencies. 

The results are also richly documented in figures and tables. Most figures excellently 
document the described results. However, the effort to squeeze a lot of information into a 
small picture makes some pictures bad readable (e.g. Fig.31: 11 tracks are too much, in b) 
different time intervals make it difficult to follow the whole I-R process. Fig. 70b): known 
positions not clear). 

The thesis is written in well readable English but the use of some (in my opinion) incorrect 
stereotypes would deserve some language editing.   

 
Publication activity and scientific level of the applicant  

The applicant published as author or co-author 42 journal articles and conference 
contributions, in 35 of them were published the results presented in the thesis or closely 
related to it. 
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Based on the submitted thesis of Ing. Marina Ronzhina and her study, pedagogic and 
scientific results, I came to the conclusion that the applicant demonstrated excellent 
knowledge of the latest development in the area human and animal ECG and EG recording, 
their evaluation and classification as well as in the heart electrophysiology. She selected 
suitable experimental, mathematical and computational methods to achieve the goals of her 
work. Quite impressive was the number of accomplished experiments, thorough and detailed 
interpretation of obtained results and extensive discussion to particular chapters with 
convincing reasoning and referring to published data (192 references).  

 
Dissertability of the thesis 

The applicant demonstrated her ability of scientific work and creative solution of complex 
research problems. Original results were achieved in the field biosignal recording, processing 
and evaluation that contribute to the general knowledge in the field of experimental cardiac 
electrophysiology. Their practical exploitation in experimental cardiology was also suggested.  
For these reasons I am convinced that the thesis fulfills all requirements for dissertability and 
I suggest it for the defense. At the same time, after successful defense of the thesis, I suggest 
to award Ing. Marina Ronzhina the academic degree “Philosophiae doctor” – PhD. 

 

 

Bratislava, February 12, 2017. 

 

 

 

 

        Milan Tyšler      


