
 

COMMENTARY TO HABILITATION THESIS1 

 
In the pathogenesis of many diseases, an imbalance between oxidative antioxidants and 

oxidants leads to the predominance of oxidant molecule production. Reactive oxygen species 
(ROS) primarily originate from reactions in the mitochondrial respiratory chain, as well as from 
reactions catalyzed by enzymes such as NADPH oxidase and xanthine oxidase. Additionally, 
ROS are produced in situations involving intracellular damage, which release active ions of 
iron and copper. The body responds to these prooxidative conditions through enzymatic and 
non-enzymatic antioxidant systems that scavenge and neutralize free radicals. However, when 
free radical production overwhelms antioxidant capacities, oxidative stress ensues. This state is 
implicated as a key factor in the onset of various pathological conditions, including systemic 
response syndromes, sepsis, respiratory failure, acute pancreatitis, atherosclerosis, 
endocrinological disorders, infectious diseases, and others. Oxidative stress has also been 
linked to the development of chronic pain through processes involving neuroinflammation. 
Furthermore, chronic medication use, including opioids, may contribute to a negative redox 
state in the body, promoting the production of molecules with prooxidative potential. 
Addressing interventions to mitigate this pathological state is particularly crucial in treatment, 
especially for critically ill patients, where treatment costs are high and patient outcomes are 
more vulnerable. 

Our initial investigation aimed to explore the antioxidant effects of the trace element 
selenium administered via parenteral infusion at a dosage of 750 µg/day over a period of 6 days 
in septic patients. Selenium serves as a crucial cofactor for significant selenoenzymes such as 
glutathione peroxidase (GPx) and thioredoxin reductase (Trx). In this study, we assessed the 
activities of key antioxidant enzymes involved in detoxifying superoxide and hydrogen 
peroxide, including GPx, glutathione reductase (GR), and superoxide dismutase (SOD). While 
our prospective research demonstrated improvements in oxidative status based on plasma 
measurements, we did not observe a corresponding decrease in mortality rates. A secondary 
outcome was the observation of enhanced oxygenation function, measured by the Carrico index 
(PaO2/FiO2), particularly notable among patients with more severe lung damage at the initiation 
of selenium supplementation. Our published results in Wiener Klinische Wochenschrift and 
Clinical Biochemistry have been cited in systematic reviews and meta-analyses across several 
prominent medical journals, including Critical Care, Medicine, Clinical Nutrition ESPEN, and 
the European Journal of Medical Research. 

Pathological changes in lung tissue are evident during severe respiratory impairment, 
such as in viral COVID-19 infections. Previous data indicates that mechanical ventilation with 
high inspiratory volumes and pressures in nonhomogeneous lungs leads to a significant increase 
in local and systemic concentrations of proinflammatory cytokines (TNF-a, IL-1b, IL-6, IL-8) 
compared to protective ventilation strategies. The inflammatory response triggered by 
mechanical trauma to the lungs can exacerbate pre-existing infectious inflammation and 
propagate apoptotic signals to secondary tissues. We achieved this goal by implementing 
programmed multilevel ventilation, utilizing three or four pressure levels. The main parameters 
included varying positive end-expiratory pressures (PEEP, PEEPh1, PEEPh2), pressure control 
ventilation or pressure support ventilation (Ppc/Pps), and the settings of respiration frequencies. 

 
1 The commentary must correspond to standard expectations in the field and must include a brief characteristic of 
the investigated matter, objectives of the work, employed methodologies, obtained results and, in case of co-
authored works, a passage characterising the applicant’s contribution in terms of both quality and content.  
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Additionally, we adjusted the frequency of ventilation at the levels of PEEPh1 (fPEEPh1) and 
PEEPh2 (fPEEPh2), along with other ventilation parameters, to ensure the optimal distribution 
of gases to differently affected compartments of the lungs. Our previous study revealed 
promising outcomes in lung recovery following severe damage in cases of H1N1 pneumonia 
treated with multilevel ventilation. In an ongoing clinical study adhering to current guidelines 
for the treatment of COVID-19 pneumonia, high-dose vitamin C (1.5g every 6 hours) and 
vitamin D (10,000 IU daily) have been utilized as the principal antioxidants in adjunctive 
therapy for patients with COVID-19. This research was funded by two grants from the 
European Fund for Regional Development – Operational Programme Integrated Infrastructure. 
The results were recognized with the Technological Transfer Award in the category of 
Innovation.  

The theoretical implications of oxidative stress in the development of chronic pain are 
extensively explored in the third part of my habilitation thesis. Both preclinical and clinical 
research highlight the pivotal role of neuroinflammation in this process. It is widely considered 
that the primary prooxidative enzyme involved is NADPH oxidase, which catalyzes the 
conversion of oxygen into superoxide anion. Another crucial enzyme is nitric oxide synthase 
(NOS), which produces reactive nitric oxide (NO). Playing a key role in protecting neuronal 
tissue integrity is the antioxidant molecule glutathione. Glutathione helps mitigate oxidative 
damage to neuronal tissue. Additionally, glutamine is implicated in pain modulation and 
cellular signaling processes. Detailed features and characteristics of these mechanisms are 
elaborated upon in our article published in the journal Molecules. 
There is also an assumption of a prooxidative effect from long-term opioid treatment. Studies 
indicate a connection between oxidative stress and complications arising from opioid use, 
especially morphine. This effect applies to semi-synthetic derivatives that metabolize into 
morphine or its derivatives within the body. Research on morphine has demonstrated decreased 
levels of glutathione in brain and liver tissue of rodents, as well as human brain tissue. Chronic 
morphine treatment additionally diminishes the activity of crucial antioxidant enzymes such as 
SOD, catalase, and GPx, which are essential for antioxidant defense. 
The initial findings from our prospective clinical trial on long-term opioid use show consistent 
intensity of ongoing antioxidant reactions across all patient groups receiving chronic opioid 
treatment. We observed a significant increase in plasma enzyme activities of GPx and GR, 
along with a notable rise in plasma glutathione concentrations. Conversely, there was a 
significant decrease in SOD activity in these patient groups compared to the healthy control 
group, indicating heightened ongoing antioxidant activity in chronic pain patients after 6 
months of opioid treatment. These results suggest the potential presence of oxidative stress in 
the group receiving opioids. 

One of our current medical and scientific efforts is focused on treating acute and chronic 
pain with the primary objective of reducing opioid use. Our postoperative acute pain research 
involves evaluating the efficacy of intercostal nerve cryoablation compared to peripheral blocks 
and standard opioid treatment in patients undergoing thoracotomy procedures. Published results 
have consistently shown cryoablation to be a superior method, as detailed in the journal Medical 
Science. Recent studies have also demonstrated promising outcomes from sympathetic lysis of 
the lumbar sympathetic chain in patients with critical limb ischemia. This intervention has 
resulted in decreased pain intensity, improved tissue perfusion observed via thermography, 
reduced opioid consumption, and enhanced quality of life. Pilot results were published in the 
Vasa - European Journal of Vascular Medicine. Various interventional pain procedures have 
been investigated in our multicentre clinical trials, including epiduroscopy for patients with 
failed back syndrome, endoscopic discectomy for acute sciatica, and radiofrequency or 
cryoablation of lumbar facet joints for facet joint syndrome. These interventions consistently 
demonstrate positive effects on pain reduction, improvements in patient quality of life, and 
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reduced opioid usage. Our results have been published in reputable journals such as Pain 
Medicine, Wiener Klinische Wochenschrift, Bratislava Medical Journal, and Medicine. 
Additionally, these findings have been referenced in systematic reviews and meta-analyses 
published in Pain Practice, Global Spine Journal, and Pain Physician. 
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