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“Optimization of the parameters of mechanical ventilation by means of electrical
impedance tomography of the lung”

1. Regarding the Proccdure:

The review was preparcd following Order No. R —445/31.01.2025 va wiv svevwol 0T MU —
" according to which I was appointed as an external member of the scientific jury. The
review 1s in accordance with the requirements of the Law on the Development of the Acade ic
Staff in the Republic of Bulgaria (LDSRB), the Regulations for its implementation and the
Regulations for the Development of the Academic Staff in MU — Plovdiv.

In my capacity as a member of the jury appointed under this procedure, 1 declare that [

have no general publications and/or cai  for a conflict of interest subject to_declaration, within
the meaning of Art. 4, para. 5 of LAADRE.

™

Author of the dissertation Thesis: Dr. Dimitar Nikolaev Kazakov, doctoral student in
independent training at the Department of Anesthesiology, Emergency and Intensive Medicine,
Ministry of Health, MU — Plovdiv. The dissertation was discussed at an extended Department
Council (Resolution No. 9/21.11.2024), was accepted by the Faculty Council (Resolution No.
10/04.12.2024) and is scheduled for public defence on 08.05.2025.

Scientific supervisor: Prof. Dr, Chavdar Stefanov Stefanov, MD

The set of materials for the defence presented to me is in accordance with the requirements
of the Law on Academic Staff Development, the Regulations for the Development of Academic
Statf at MU - Plovdiv and includes all necessary documents and evidentiary material.

I1. Analysis of the career profile of the doctoral student.

University education and Professional experience: Dr. Kazakov graduated from the
Medical University of Plovdiv in 2015 with a degree in Medicine. For 1 year, he specialized in
Anesthesiology and Intensive Care at the University Hospital in Leipzig, Germany, and then
continued his specialization until 2020 at the Department of Anesthesiology and Intensive Care at
the University Hospital "St. George" - Plovdiv, where he works to this day. In 2020, he obtained
a specialty in Anesthesiology and Intensive Care. For the period 2019-2024, hc is a doctoral
student, and since 2020, he has been an assistant professor at the same Department of the Medical
University of Plovdiv. For the period 2020-2024, he implemented the project "Persc ilized
Innovative Medicine" (PERIMED).
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Dr. Kazakov has excellent linguistic and theoretical training, rich erudition and broad
general culture. His scientific interests are in the field of all sections of anaesthesiology and
intensive care with a strong interest in modern and innovative monitoring methodologies.

He is fluent in written and spoken German and English, which allows him to participate in
numerous international and regional scientific conferences and seminars; he has excellent
computer literacy.

Dr. Kaz " »v is a member of the European Society of Intensive Care Medicine, the
Bulgarian Society of Anesthesiology and Intensive Care and the Bulgarian Academy of Medicine.

I1I. Significance of the topic.

One of the most difficult problems we face in our daily practice as anaesthesiologists and
intensivists is: Are we ventilating our patients optimally in conditions of mechanical ventilation?
Are we not causing additional damage to the lung, which is already damaged by the disease? In
most cases, mecchanical ventilation (MV), when well dosed, with well-chosen parameters, saves
lives, but it is never safe and requires us to treat it as a “prescription”. There are many unresolved
questions that we face daily: Is the ventilation mode we have chosen the right one for the specific
patient? Are we managing to perforim pulmonary protective ventilation with it? Are we
maintaining an “open lung”? Or in the specific paticnt in critical condition (Acute Respiratory
Distress Syndrome — ARDS) are we achieving acceptable § . pressures in the blood, but at the
expense of lung overinflation, which leads to barotrauma, release of cytokines and pro-
inflammatory factors, which are potentially the triggers of multiple or; 1 failure? The lack of a
clear answer in the scientific communily to these questions makes Dr. Kazakov's dissertation not
only relevant, but also particularly significant and useful for all doctors working in intcnsive and
emergency medicine.

Furthermore, assessing the adequacy of MV in a specific patient is a challenge because
most often in practice it is based on surrogate indicators such as those we see on the ventilator's
respiratory monitor: realized tidal volumes, minute ventilation, peak and plateau pressures in the
lung, according to the set positive end-expiratory pressure, functional or arterial oxygen saturation,
pressures of oxygen and carbon dioxide gases in the blood, hemodynamic response, etc., and they
are insufficient because they depend on many variables: on comorbidity, on pulmonary pathology,
even on the specific patient's habit and do not provide an answer to one of the most important
questions - how is ventilation distributed in the lung, are all areas of the lung optimally aerated?
Therefore, Dr. Kazakov's dissertation work is timely and significant th from a scientific and
practical point of view, as it opens another window of knowledge to the clinician. Dedicated to the
study of the predictive value and pc  ibilities of electrical impedance tomography of the Jung for
optimizing the parameters of MV. The work is applicable not only to patients in intensive care
units, but to all thc  who require some form of respiratory supplementation due to hypoxeniic
respiratory failure. '

IV. Relevance of the topic under development

Although the study was conducted on super-selected patients — those with hypoxemic
respiratory failure and ARDS, on MV, Dr. Kazakov's dissertation work is relevant because:

1. Tt uses a new method for Bulgaria for optimizing the parameters of MV — Electrical
[mpedance Tomography (EIT). This is an easily performed bedside method for visualizing the
distribution of ventilation in individual parts of the lung, non-invasive, non-radiation, for both staff
and patients. The clinical value ol the method lies in the fact that it allows repeated
implementation, and thus immediate assessment of the effects of therapeutic actions on the
regional distribution of ventilation.

2. There are no other monitoring methods for ©  geting therapy in mechanically ventilated
patients, who are particularly difticult to manage in daily practice, especially patients with ARDS,
because the routinely used methods are surrogate and have a prolonged response time.



3. To date - there is no created algorithm for the clinical conduct when targeting MV
parameters in patients with hypoxemic respiratory failure, which was performed by Dr. Kazakov
and makes the work original and relevant!

V. Structure of the dissertation

The dissertation is written on 144 standard pages, illustrated with 43 figures and 23 tables.
The bibliography contains 147 sources, all of which are in Latin. Ten percent of the cited sources
are from the last five years, and more than thirty percent are from the last ten years.

It includes the folli  ing separate parts: bibliographic layout (title page, table of contents,
abbreviations used) — 6 pages; introduction — 1 page; literature review and conclusions from it —
32 pages; formulation of a working hypothesis, goal and tasks — 1 page; materials and methods —
35 pagcs; results and discussion — 48 pages; conclus™ 11— 1 page; conclusions — [ page; scientific
contributions — 1 page; algorithm for the clinical conduct in patients with hypoxemic respiratory
failure — 1 page, bibliographic reference — 15 pages; appendix — 2 pages, with which its structure
is cc  istent with the requirements and standards for preparing a scientific paper for acquiring a
scientific and educational degree "Doctor”.

The proportion between the individual structuring parts of the work is respected.

The literature review contains sufficient material in volume, which reflects the multitude
of literary data and information on scientific research on the topic to date. It is systematically
presented, critically analysed and reveals a very good knowledge of the material related to the
essence, ethiology, clinical presentation and specific methods of diagnosis of hypoxemic
respiratory failure and targeting of IBD. It is divided into parts that are considered sequentially,
and in addition to all the above, a significant place is devoted to EIT of the lung, as a modern, non-
invasive method for monitoring and diagnosing lung ventilation. The EIT methodology, the
various options for determining the individual PEEP, recruitment methods, derecruitment after
aspiration procedures, positioning of double-lumen ETTs, identification of pathology, such as
pneumothor , collapse or hyperinflation of the lung in the conditions of IBD, are presented in
detail and with high-quality illustrative material. The conclusions and inferences from the
literature review are logically drawn and justify the topic chosen by the author.

I would define the literature review as an exceptional merit of Dr. Kazakov's di  rtation
work and recommend its popularization among a wider audience. Right from the beginning, the
way of presenting the information is impressive — clear and logical, easy to read, and the rich
content of the information regarding EIT of the lung and the technical aspects of its
implementation — are circumstances that allow its formation and publication as a separate
monograph or book written on the basis of a dissertation work with great practical application to
students, residents or practicing anacsthesiologists, pulmonologists and emergency physicians,
who in their practice are directly involved in the treatment of patients with hypoxemic respiratory
failure.

The main goal of the dissertation is presented clearly and correctly and concerns the role
and application of EIT of the lung as a method for personalizing invasive MV in patients with
hypoxemic respiratory failure.

The tasks, four {4) in total, arise from the set goal. They are formulated precisely, selected
accurately, logically justified, and their solution provides an.opportunity to achieve the set goal.
In short, the tasks of the ™ sertation arc to study the possibility of EIT for personalizing PEEP; to
study the optimized personalized PEEP on the mechanics of breathing and the distribution of
ventilation; to study the influence of optimized ventilation parameters on the respiratory drive and
to compile an algorithm for personalizing IBV in patients with hypoxemic respiratory failure.

The materials and methods used in the dissertation are in sufficient volume, classical and
selected with a view to the specifics of the study. The foll  ing facts are impressive:

1. In methodological terms, a clear and ea "y applicable in practice, at the same time
informative protocol for personalizing IBD according to the specific characteristics of the



individual patient through EIT at the bedside of a patient with acute hypoxemic respiratory failure
has been developed. This protocol is systematic, and 1 believe that it can be introduced into the
routine practice of every anaesthesiologist working with intubated patients in the intensive care
unit.

2. The study is clinical, prospective, interventional and was carried out on 45 patients
hospitalized in the ICU aged 18-75 for the period 2022 - 2024. The inclusion criteria, study stages,
framework definitions and conventional monitoring methods of a mechanically ventilated patient
in the intensive care unit are presented - hemodynamic indicators, temperature, respiratory
parameters, sedation assessment, ABG, SOFA Score, etc. All patients were intubated and placed
on IBP, with the parameters of the selected respiratory modes (SIMV, PC-BIPAP and PSV) fixed:
initially max. Pplat — 30mbar, PEEP 8-10mmHg at Fi02 100% (subsequently reduced based on
low PLEEP/high FiO; according to the ARDSNet Protocol to resulting Sp02>95%,
PaO;>65mmHg). Respiratory drive was recorded using the indicator Pg.1.

3. The EIT methodology, the specifics of the patient's positioning, electrodes, types of
elements, images, regions of interest, numerical values of the parameters and impedance curves
on the screen are presented in extremely detailed and with remarkable accuracy and clarity of
description. A significant place is given to the special functions of EIT defined as the "Diagnostic
Window": recruitability analysis, experiments with ascending/descending PEEP, "silent regions"
- regions of collapse or hyperinflation of the lung parenchyma. I cannot fail to note in this regard
another exceptional merit of the work - the wonderful visualization of the material with
photographs and figures illustrating the new EIT methodology.

4. The statistical proce 'ng was performed with the SPSS.22 program, and the methods
used are in sufficient volume and correspond to the parameters. The following methods are
presented: descriptive analysis, parametric and nonparametric methods for testing hypotheses,
regression analysis ~ correlations.

The results obtained are presented clearly and well-structured for each aspect of the study,
well-illustrated with figures and tables.

Dr. Kazakov found that the patients in the study were distinguished by significant
heterogeneity: by age - the age group 40-75 years prevails; by anthropometric indicators — BMI
males>BMI females; by etiological cause leading to hypoxemic DN, with predominant noxies:
nosocomial pneumonia {(NP), chest trauma, Sepsis, COVID-19 and influenza pneumonia; by
frequency of observed ARDS syndrome - in 55.6% of the studied population with nosological
units: Sepsis, Influenza and COVID-19 pneurmonia. This heterogeneity of the studied population
is common among patients with hypoxemic respiratory failure in intensive care units. Significantly
higher values of depth of sedation (RSS) and organ dysfunction (SOFA Score) were reported in
patients with ARDS; 55.5% of patients were on IBV with preserved spontaneous breathing (PSV).

In the trial with gradually increasing PEEP, examining the recruitability of patients through
ACollaps, 48.8% of patients were defined as “non-recruitable” and 51.1% as “recruitable”.
Younger patients, those with a higher SOFA Score and those with a higher BMI were recruitable.

To determine the optimal PEEP through EIT, a trial with gradually decreasing PEEP was
performed, with the intersection of the collapse and overinflation curves of the lung being defined
as optimial. With baseline PEEP values of 10.47 mbar, the dissertationist established significantly
higher optimal PEEP values of 11.60 mbar using EIT. In the group of non-recruitable patients, the
optimal PEEP determined by EIT is significantly lower than the baseline, but significantly higher
than that determined by calculation of lung compliance, which makes it possible to reduce PEEP
in patients who do not benefit from it. In the group of recruitable patients, the optimal PEEP values
calculated both by EIT and by calculation of compliance are significantly higher than the initial
one.

The influence of the optimal PEEP determined by EIT on the parameters of mechanical
ventilation shows that with this PEEP dete  ined, an optimal lung collapse/overinflation ratio is
observed in both groups of patients, which is a particular advantage of the work, because it allows



for personalization of therapy. This is reflected in the significant increase in the PaO2/FiOs ratio,
incr ed compliance, and statistically significant reduction in driving pressure.

These results are particularly important for patients with non-recruitable lungs, who have
a limited volume of recruitable lung tissue, in whom the decrease in PEEP optimizes ventilation
because it reduces overinflation of well-aerated arcas without opening collapsed ones. In contrast,
in the group of recruitable patients, a significant increase in blood oxygenation was reported after
PEEP correction, due to expansion of collapsed alveoli, without this being accompanied by a
significant change in compliance, plateau, and driving pressures.

In patients with preserved spontaneous breathing and placed on PSV mode. optimization
of PEEP by EIT leads to a reduction in respiratory drive and improvement in ventilation
homogeneity. '

The conclusions are logically systematized, in accordance with the collected and analysed
data. I accept all of them, as I believe that Conclusions 4, 5 and 6 are entirely confirmatory in
nature. The exceptional merit of the dissertation is Conclusion number I, 2, 3 and 7.

VL Contributions of the dissertation work - according to the report on the contributions
of the dissertation work, the dissertation offers three scientific contributions of an original nature.
Of these, Contribution No. 3 should be dropped, since it is a statement! In my opinion, they are
completely repeated in meaning and should be combined into one. The remaining 4 contributions
should be added to it, since they are also of a scientifically applied and confirmatory nature.

VII. Abstract and publications - the abstract is prepared in accordance with the
requirements of the Regulations on the conditions and procedure for acquiring scientific degrees
and occupying academic positions at MU - Plovdiv; contains 52 pages and correctly reflects the
essence of the dissertation, the results obtained and the scientific contributions.

In accordance with the requirements of the Higher Education Act, the dissertation
candidate presents three full-text publications in scientific journals that are related to the
dissertation, as well as three (3) scientific communications. Two (2) of the three (3) publications
are in the scientific journal "Anaesthesiology and Intensive Care" (2024, 2024), which is a
publication from the Nati 1l Reference List. These two publications are literature reviews
presenting the theoretical foundations and methodology of the dissertation. The third publication
is published in a journal referenced and indexed in international databases (Scopus/WoS): "Folia
Medica” (2024) and presents the actual experimental work of the dissertation candidate. All three
publications present the data from the research in the dissertation, with Dr. Kazakov being the first
author of both the three publications and the three scientific communications. This fact clearly
speaks and is undeniable prool of his role in the realization of the publications and his personal
participation and contribution to the process of developing the topic.

VIII. Critical remarks:

1. Regarding the style of expression:

1.1. T would recommend to Dr. Kaz " ov, when working with a scicntific text, that the
definition of “excited” paticnt (part of the description of 0 and 1 degrecs on the Ramsay scale on
page 44, be replaced with “agitated, anxious™ or “incoherent” patient.

2.2, The entire statement in the literature review, concerning the analysis of studies by
other authors in the | ;t and the presentation of their results —is written in the past historical tense
(“patients were divided”, “results were associated™), with which the language is burdensome.
Instead, the present historical tense is preferable. (“patients are divided”, “results are associated™).

2.3.Tv ld also recommend that the term “dependent” parts of the lung (on whom do they
depend?) be replacced with “subject”. For any English-speaking reader, the te  “depende -
pulmonary area” is understandable and translates directly as “dependent parts of the lung™.
However, the meaning of the definition “dependant” is “subject”, and these dependent parts of the



lung, prone to collapse, are different areas, depending on the position of the patient’s body (on the
back, in the lateral decubitus position or in the prone position).

2. Regarding the layout of the work: my only recommendation is that the legend of the
figures be in a larger font, because in places it is difficult to decipher.

1 emphasize that these critical remarks, although they relate to the methodology, style of
presentation and structure of the work, do not belittle the essential contribution of the work —
namely the introduction of a new and unpopu’ , but sufficiently sensitive, non-invasive, easily
accessible method for diagnosing, monitoring and targeting IBD in patients in such a severe
condition as ARDS. Therefore, they do not affect my overall a2 ssment and do not redi  the
merits of the dissertation work.

IX. Conclusion

Undeubtedly, the doctoral student Dr. Dimitar Nikolaev Kazakov has mastered valuable
research, methodological and clinical skills. The written dissertation shows that he can
independently formulate a scientific hypothesis, correctly build a methodology and conduct
scientific research, select and work with appropriate statistical methods, as well as accurately and
adequately interpret the results obtained. Proof of this are the publications on the topic in
prestigious journals.

All this gives me reason to vote positively for the award of the educational and scientific
degree "Doctor” in the doctoral program "Anesthesiology and Resuscitation" to Dr. Dimitar
Nikolaev Kazakov - a doctoral student in independent training at the Department of
Anesthesiology, Emergency and Intensive Medicine of the Ministrv nf Health Medical University
- Plovdiv. -
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