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1.	 INFORMATION NOTE

This doctoral dissertation consists of a monothematic cycle of three original scientific papers 
published in a peer-reviewed international medical journal. The periodical in which the above-
mentioned articles are included is on the List of Scientific Journals of the Minister of Science 
and Education and on the Philadelphia List.

The total number of points of the Minister of Science and Education obtained by the above-
mentioned publications are 300, and the total Impact Factor (IF) is 17,218 points.

The PhD student is the first author in all papers. She made a significant contribution to the 
creation of all works, consisting of:

1.	 creating scientific hypotheses,

2.	 conducting in vitro tests,

3.	 verification and interpretation of the collected data,

4.	 statistical analysis,

5.	 elaboration of results,

6.	 development and presentation of applications,

7.	 preparation of the publication.

The research project was approved by the Local Ethical Committee for Animal Experiments in 
Wrocław, Resolution No. 029/2021/P1 of May 19, 2021 (attached).
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2.	 LIST OF ABBREVIATIONS

BMI - Body Mass Index,

CRS - cytoreductive surgery,

EU - European Union,

HIPEC - Hyperthermic Intraperitoneal Chemotherapy, 

MPM - malignant peritoneal mesothelioma, 

PCI - Peritoneal Cancer Index, 

PIPAC - Pressurized Intra Peritoneal Aerosol Chemotherapy,

PM - peritoneal metastases, 

PMP - peritoneal pseudomyxoma. 

LIST OF ABBREVIATIONS
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3. INTRODUCTION
Despite the dynamic development of oncology, there is still a group of cancers that pose 
therapeutic difficulties. It includes malignant tumors of the peritoneum. In many cases, the 
methods of treatment used so far do not bring satisfactory results in the form of recovery or 
a significant extension of the survival of patients affected by this disease. The prognosis of 
patients with this type of cancer is poor. The average survival time of patients with a neoplastic 
process involving the peritoneum is about 6 months 1, 2. Moreover, the presence of metastases 
within the peritoneum leads to disturbances in the physiological functioning of the abdominal 
organs, pain in the abdominal cavity caused by gastrointestinal motility dysfunction, and often 
symptoms of subileus or ileus. This significantly affects patients’ quality of life.

These tumors may have primary or metastatic character. The first group includes rare primary 
tumors of the peritoneum, i.e., peritoneal mesothelioma, peritoneal pseudomyxoma, primary 
peritoneal carcinoma, mesothelial cysts, fibromatosis, or desmoplastic round cell carcinoma. 
Cancers that metastasize to the peritoneum include among others, malignant tumors of the 
appendix, colon, stomach and ovary. It should be emphasized that in the population of patients 
suffering from tumors located within the abdominal cavity, peritoneal metastases occur in 
about 5-15% of patients with colorectal cancer 3, 4, about 40% of patients with gastric cancer 5, 6  
and as much as about 50% of the population patients with ovarian cancer.

Conventional methods of oncological treatment have limited effectiveness in the case of 
peritoneal cancer involvement. Systemic treatment in the form of intravenous chemotherapy 
is characterized by low effectiveness due to poor penetration of cytostatics into the neoplastic 
peritoneum, while the use of radiotherapy is associated with many side effects.

Nowadays, the involvement of the peritoneal cavity is treated as a local dissemination. The 
recommended treatment is cytoreductive surgery (CRS) supplemented with hyperthermic 
intraperitoneal chemotherapy (HIPEC)3,5. This treatment carries a high risk of peri- and 
postoperative complications and can be used only in a strictly selected group of patients. 

The temperature used in the HIPEC procedure does not exceed 43°C, which is related to the high 
heat capacity of the liquid introduced into the peritoneal cavity. Heating the chemotherapeutic 
solution above this temperature would threaten the life and health of patients with an increase 
in the internal body temperature.

Scientific research confirms the ability of hyperthermia to induce cell death. It is known that 
the cytotoxic effect is enhanced in an oxygen-poor environment where the pH is reduced. 
Hyperthermia leading to a decreased pH environment increases the cytotoxic effect. Due to 
the presence of pathological vascularity within tumors, these tissues are characterized by  
a lower thermoregulatory capacity compared to healthy tissues (e.g., lack of possibility to dilate 
the vascular bed), which leads to an intensification of the thermal effect within the tumor. 
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Hyperthermia also enhances the effects of radio- and chemotherapy - the phenomenon of 
additivity of radio- or chemotherapy and hyperthermia 10.

Direct cell death caused by hyperthermia is primarily influenced by protein denaturation, 
which leads to instability of cell membranes and impaired cytoskeletal function 8. Moreover, 
the temperature above 40°C promotes the formation of clots and emboli in the lumen of 
abnormal vessels, which may additionally intensify hemorrhagic necrosis within the tumor, 
which may potentially influence the inhibition of distant metastases. Some studies suggest that 
the beneficial clinical effects of hyperthermia may result from the occlusion of pathological 
blood vessels of tumor structures. The beneficial effect of local hyperthermia on the treatment 
of metastatic peritoneal neoplastic lesions has been well documented in the literature 1, 34, 35, 36.

A phenomenon coexisting with gaseous hyperthermia is dehydration. Limited dehydration 
of the superficial layers of the peritoneum may significantly disturb the conditions in the 
peritoneal cavity that are conducive to the spread of cancer. Thus, the dehydration process may 
potentially limit or prevent the spread of metastatic changes and be an alternative method of 
treating peritoneal cancers.

Due to the limitations described above related to the currently used treatment of peritoneal 
cancer, modern medicine is faced with the challenge of searching for new forms of therapy that 
would lead to recovery, improvement of the quality of life or a significant extension of patients’ 
survival. Among the methods used so far in the treatment of the neoplastic process disseminated 
to the peritoneum, the most effective method is the cytoreductive procedure combined with 
HIPEC 5, 11. In the presented dissertation, the possibility of safely producing hyperthermia at  
a temperature exceeding 43 °C was investigated, avoiding the side effects of this phenomenon 
observed when using solution water. For this purpose, a significant difference in heat capacity 
between liquid and gas was used. The heat capacity of the gas, which is much lower than that 
of the liquid, allowed to reduce the risk associated with raising the temperature of the patient’s 
body, which would pose a threat to the patient’s health and life.

In the research presented in the above dissertation, a heated gas mixture, i.e., atmospheric air, 
was used to produce hyperthermia exceeding 43 °C.

The conducted research confirmed the possibility of safely producing hyperthermia exceeding 43°C 
using gas as a temperature carrier. The phenomenon observed during this process was dehydration. 
The dehydration process involving the superficial layers of the peritoneum may adversely affect 
the environment in the peritoneal cavity, which is conducive to the spread of cancer. Thus, gas 
hyperthermia combined with the dehydration process may potentially limit or prevent the spread 
of metastatic changes and be an alternative method of treating peritoneal cancer.
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3.1. PRIMARY PERITONEAL CANCERS

3.1.1. Peritoneal mesothelioma 

Malignant peritoneal mesothelioma (MPM) is an extremely rare cancer. It accounts for 10-15% 
of all mesotheliomas 12. Based on the data of the National Cancer Registry in Poland, in 2012, 
299 patients were diagnosed with peritoneal mesothelioma, and 222 died from this cancer. 
Peritoneal mesothelioma develops from serosa cells. In most cases, it is a malignant tumor. 
MPM occurs most often in people over the age of 60, 2 to 5 times more often in men than 
in women. Exposure to asbestos may be a predisposing factor for disease. Due to the lack of 
specific symptoms, this cancer is often diagnosed at an advanced stage 12.

3.1.2. Pseudoperitoneal myxoma

Peritoneal pseudomyxoma (PMP) is a very rare disease with a frequency of 3-4 cases/per one 
million people/a year. It is more common in women than in men. It causes symptoms called ‚ 
jello belly’, which is the result of the accumulation of mucus content produced by the tumour. It 
is almost always associated with perforation of the mucinous tumor of the appendix. We then 
observe the passage of mucus into the peritoneal cavity and its redistribution. The clinical picture 
of this disease includes mucous ascites, neoplastic implants involving the peritoneum, massive 
infiltration of the greater omentum (omental cake) and infiltration of the ovaries 13. Due to the 
lack of specific symptoms, like MPM, this cancer is often diagnosed at an advanced stage.

3.2. SECONDARY PERITONEAL CANCER

3.2.1. Mechanism of metastatation to the peritoneal cavity:

In order to create effective methods of treatment and prevention of disseminated neoplastic 
disease affecting the peritoneal cavity, it is necessary to know the process in which it occurs.

The presence of metastases in the peritoneal cavity (peritoneal metastasis, PM) is evidence 
of the progression of the primary malignancy. This process is based on the exfoliation of 
cancer cells and their entry into the peritoneal cavity. Several mechanisms of cell detachment 
from the primary focus are known. One of the typical tumors occurring within the abdominal 
cavity is the spontaneous desquamation of tumor cells infiltrating the serosa of organs. This 
mechanism has been observed in for colorectal, gastric, and ovarian cancers. The presence of 
free tumor cells in the peritoneal cavity may also be caused by intraoperative manipulations, 
tumor damage during surgery, or result from its perforation. Another mechanism leading 
to the appearance of neoplastic cells in the peritoneal cavity is damage to the lymphatic 
and blood vessels during the resection procedure14. Moreover, the ability of peritoneal 
mesothelial cells to transform into mesenchymal cells has been observed, which is a significant 
morphological change creating a favorable environment for the spread of cancer cells 15. This 
facilitates implantation of metastatic changes within the peritoneum. Published studies have 
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shown that due to this transformation, peritoneal mesothelial cells gain the ability to produce 
inflammatory factors and factors that enhance angiogenesis and thus promote the growth of 
cancer cells. This process underlies the early presence of metastases, which often occur at 
the stage of disease diagnosis 6,14,16. Cancer cells, after being detached from the primary tumor 
and then entering the peritoneal cavity, undergo distribution characteristic of peritoneal fluid 
circulation. This process is the result of phenomena occurring within the abdominal cavity, i.e., 
peristaltic movements, changes in intraperitoneal pressure resulting from movements of the 
diaphragm and gravity 9,13. 

The fluid in the peritoneal cavity moves upwards along the right gutter, which is a consequence 
of the negative pressure caused by diaphragm movement and the peristaltic. Most of the fluid 
gathers on the right side, which is caused by the greater depth of the right sulcus and the 
presence of a specific barrier, which is the falciform ligament. The fluid is then directed to the 
pelvis below the mesentery of the small intestine. Cancer cell deposits are localized in the 
places of peritoneal fluid stagnation, e.g.

3.2.2 Colon cancer

Colorectal cancer (CRC) is the third most frequently diagnosed cancer and the second leading 
cause of cancer-related death in the world 17. Early diagnosed patients have a chance for 
resection, potentially leading to a complete cure (70-80%), with a 5-year recovery period 
survival rate of 72-93% for stage I-II. Approximately 20% of patients have metastases at the 
time of diagnosis. Among them, about 8% of patients have synchronous (occurring at the same 
time, diagnosed at the same time or earlier) peritoneal metastases, and 20% have metastatic 
changes in the liver 14. Cancer dissemination takes place via the lymphatic and hematopoietic 
routes and by infiltrating the surrounding tissues. The risk factors favoring the occurrence of 
metastases to the peritoneum are tumor perforation, tumor stage T4, low grade, mucinous type 
of tumor, and presence of signet ring cells 13. Colorectal cancer cells are invasive. Peritoneal 
implants often occur in the mesentery and serosa of the small intestine, which significantly 
worsens the prognosis. A significant proportion of metastases are metachronous, which means 
that the lesions appear within 12 months of the primary lesion and may result in recurrence of 
the disease in previously operated areas 13.

3.2.3. Gastric cancer

Gastric cancer is one of the most frequently diagnosed gastrointestinal cancers 2. Although 
the incidence has been decreasing in recent years, in the European Union (EU) it remains 
at the level of 18.9 new diagnoses/per 100,000 people/a year, while the mortality rate is 
14.7 deaths/per 100,000 people/a year and is approximately 5 times higher among men 18. 
The dissemination of gastric cancer, as in the case of colorectal cancer, occurs through the 
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lymphatic, hematopoietic and intraperitoneal routes. In the group of patients diagnosed de 
novo with gastric cancer, 15-40% will have metastases to the peritoneum 13. After surgery, 35-
45% of patients will develop metastases within the peritoneum 14. This is the most common 
location of tumor recurrence after surgical treatment. 5-year survival rates in stages II and III, 
in the case of resectable lesions, are 20-40%. Most patients with serous-invasive gastric cancer 
will develop peritoneal metastases despite surgical treatment 20. Median survival of patients 
with gastric cancer undergoing surgery systemic therapy is 9.5-11.6 months 14.

3.2.4 Ovarian cancer 

Ovarian cancer is the leading cause of death among cancers of the female reproductive organs in 
developed countries. The vast majority of cancers are diagnosed at an advanced stage 16, 21. 
Cytoreductive treatment with cis- or carbo-platinum chemotherapy and a taxane enables remission in 
75% of patients with disseminated cancer, and the 5-year survival rate in such advanced disease after 
treatment is about 50% 22, 23. Ovarian cancer dissemination to the peritoneum takes place through the 
lymphatic route and intraperitoneally through the circulation of the peritoneal fluid. In many cases, 
even in the early stages of the disease, cancer cells are present in the peritoneal fluid.

3.3. TREATMENT

3.3.1 HIPEC

Patients who have failed standard methods of cancer treatment, i.e., chemotherapy or 
radiotherapy, may, in the absence of contraindications, be qualified for the procedure 
of cytoreductive surgery (CRS) with HIPEC, i.e., hyperthermic intraperitoneal perfusion 
chemotherapy (HIPEC). Unfortunately, only a limited group of patients with peritoneal 
metastases are eligible for this procedure. The procedure is associated with a, therefore 
careful qualification of patients for the above-mentioned treatment is of great importance. 
The frequency of peritoneal metastases in colorectal cancer is 5-15% in the case of 
synchronous metastases and as much as 40% in the case of local recurrence. The best 
results of treatment of a neoplastic process disseminated to the peritoneum are obtained 
by combining a cytoreductive procedure with intraperitoneal hyperthermic perfusion 
chemotherapy (HIPEC). The results of such treatment are better and allow 5-year survival at 
the level of 30-50%. These procedures require extensive experience in abdominal surgery, 
are time-consuming (average surgical procedure time is 6-8 hours) and are burdened 
with complications related to the surgical procedure, as well as the administration of  
a cytostatic at an elevated temperature (41.5 - 43°C) into the peritoneal cavity 3.

HIPEC is reserved for patients with an advanced, potentially resectable, neoplastic process 
limited to the peritoneum. The exception to this rule is the presence of a single lung metastasis 
or no more than three liver metastases that can be surgically removed. The extent of changes 
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within the peritoneal cavity cannot score more than 20 points on the Sugebaker scale 
Peritoneal Cancer Index (PCI). Patients with peritoneal myxoma. An important factor limiting 
the possibility of using the method is the involvement of the neoplastic process in the small 
intestine.

Intraperitoneal chemotherapy penetrates the tumor tissue to a depth of 1mm to 3mm. In order 
to obtain a favorable prognosis, it is necessary to perform a cytoreductive surgery (CRS) CC-0 
24. CRS is an extensive, time-consuming, and often technically difficult procedure with a high 
risk of complications and should be performed by experienced operators in centers specialized 
in this field. Despite complications risk in a selected group of patients, the cytoreductive 
procedure with HIPEC significantly affects the length of survival and the improvement of the 
quality of life of patients with peritoneal cancer 3, 23, 24, 25.

Patients in poor general condition, cachectic and significantly burdened with comorbidities will 
will not be good candidates to the procedure. A contraindication to performing cytoreductive 
procedure with HIPEC is the age above 70 years old, which results from the potential systemic 
comorbidities of patients in this age group. Relative contraindications include Body Mass Index 
exceeding 40 (BMI), radiotherapy of the pelvis, numerous interventions in the abdominal 
cavity, obstruction of the gastrointestinal tract, obstruction of the bile ducts, obstruction of 
the urinary tract, as well as progression of cancer after neoadjuvant chemotherapy. However, 
it should be emphasized that each time the qualification of patients for the procedure should 
be considered individually 5.

3.3.2 PIPAC

An alternative method of treating patients with disseminated neoplastic processes involving 
the peritoneum is pressurized intraperitoneal aerosol PIPAC (Pressurized IntraPeritoneal 
Aerosol Chemotherapy). This procedure consists in the laparoscopic administration of the 
chemotherapeutic agent in the form of an aerosol into the peritoneal cavity 26, while maintaining 
the room temperature of the drugs. It may be a therapeutic option for patients who are not 
eligible for cytoreductive surgery.
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3.4. SUMMARY

Restrictive eligibility criteria for cytoreductive surgery in combination with HIPEC disqualify  
a large group of patients with metastatic changes within the peritoneal cavity. Modern medicine 
can only offer them palliative treatment. Therefore, it is necessary to search for methods that could 
be an alternative form of treatment and limit the intraperitoneal spread of cancer for patients who 
are not eligible for cytoreductive surgery or cytoreductive surgery combined with HIPEC.

In order to search for an alternative to the method known so far, the following research was 
carried out and presented in this dissertation.

•	 In vitro study to assess the viability of the HT-29 human colorectal cancer cell line exposed 
to hyperthermia and dehydration, using the colorimetric method (CellTiter 96® AQueous 
One Solution Cell Proliferation Assay MTS) and evaluation in an electron microscope.

•	 An in vitro study to assess the cytotoxic effect of hyperthermia and dehydration on the 
HT-29 human colorectal cancer cell line, based on the measurement of LDH concentration, 
using a colorimetric method and evaluation in an electron microscope.

•	 In vivo study, i.e., laparoscopic generation of intraperitoneal gaseous hyperthermia above 
43° C in an animal model, assessment of the feasibility and safety of this process - the study 
was carried out on three pigs.

•	 Observation of thermodynamic processes occurring during the creation of hyperthermia 
above 43° C in the peritoneal cavity of pigs.

•	 7-day observation of animals with morphological and biochemical blood tests.

•	 Autopsy examination with macroscopic evaluation of tissues subjected to gaseous 
hyperthermia above 43°C and dehydration.

•	 Histological examination of tissues collected post mortem.

The results of the studies listed above are presented in the form of a series of publications that 
make up this dissertation.

INTRODUCTION
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4. SUMMARY IN POLISH

Wprowadzenie

Zastosowanie chemioterapii dootrzewnowej w hipertermii jest coraz ważniejszym aspektem 
leczenia choroby nowotworowej rozsianej do jamy otrzewnej. W dostępnej literaturze 
specjalistycznej nadal brakuje informacji dotyczących hipertermii dootrzewnowej wytworzonej 
gazem oraz możliwości jej zastosowania. Bazując na właściwościach fizycznych gazu, zbadano 
nieopisywane dotąd wytworzenie wewnątrzotrzewnowej, gazowej hipertermii przekraczającej 
43 °C, przeprowadzono ocenę jej bezpieczeństwa i ograniczeń. Niewiadomą wymagającą 
zbadania jest, czy tak osiągnięta hipertermia oraz związane z nią zjawiska biologiczne  
i termodynamiczne, mogą mieć potencjał terapeutyczny w leczeniu choroby nowotworowej ze 
zmianami metastatycznymi w obrębie otrzewnej.

Cel badania

Celem pracy jest zbadanie wpływu hipertermii gazowej i dehydratacji na linię komórkową 
ludzkiego nowotworu jelita grubego HT-29 oraz ocena możliwości bezpiecznego wytworzenia 
wewnątrzotrzewnowej hipertermii gazowej powyżej 43 °C w organizmie zwierzęcym. 

Co więcej, przedmiotem badań jest ocena wpływu gazowej hipertermii i dehydratacji 

na organizm zwierzęcy oraz poznanie ww. metody i jej ograniczeń. W przeprowadzonych 
badaniach zwrócono również uwagę na zjawiska termodynamiczne zachodzące podczas 
wewnątrzotrzewnowej gazowej hipertermii. Dzięki przeprowadzeniu eksperymentów in vitro  
i in vivo uzyskane zostały dane niezbędne do wstępnej ewaluacji opisywanej metody. 

Wyniki i ich przewidywane zastosowanie: 

Badanie przeprowadzone na liniach komórkowych nowotworu jelita grubego HT-29 wykazało 
wzrost cytotoksyczności na skutek oddziaływania hipertermii na poziomie 45°C względem 
37°C o niemal 60%.  Co więcej, ustalono, że pod wpływem dehydratacji cytotoksyczność 
względem komórek linii nowotworu złośliwego jelita grubego HT-29 była podwyższona  
w temperaturze 37°C. Dehydratacja współistniejąca z hipertermią 45°C i 48°C wykazały 
podobny poziom cytotoksycznego wpływu na komórki nowotworowe. Oprócz cytotoksycznego 
wpływu dehydratacji i hipertermii przekraczającej 43°C, oceniano również żywotność 
komórek nowotworowych poddanych ww. zjawiskom. Żywotność komórek nowotworowych 
eksponowanych na temperatury na poziomie 45°C i 48°C nie zmieniła się w porównaniu do 
komórek nowotworowych wystawionych na działanie temperatury 37°C. Zjawisko dehydratacji 
natomiast, w istotny sposób ją zmniejszało nawet przy 37°C. Efekt ten wydawała się potęgować 
jednoczasowa ekspozycja na temperatury 45°C i 48°C. 
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Dowiedziono ponadto, iż bezpieczne wytworzenie gazowej hipertermii powyżej 43°C jest 
możliwe i bezpieczne w organizmie zwierzęcym. Po wykonaniu procedury nie obserwowano 
około- i pooperacyjnych powikłań. W badaniach morfologicznych i biochemicznych krwi świń 
nie odnotowano istotnych odchyleń od prawidłowych wartości ocenianych parametrów. Nie 
obserwowano również nieprawidłowości w zachowaniu zwierząt.

Po wykonaniu badania autopsyjnego, pobrano tkanki do dalszych badań. W badaniu 
histopatologicznym otrzewnej oraz wątroby eksponowanych na działanie dehydratacji  
i hipertermii gazowej przekraczającej 43° C obserwowano obecność mikrowylewów, petechii, 
zakrzepów, nacieku leukocytarnego oraz obrzęk otrzewnej.

Powyższe wyniki wskazują, iż hipertermia gazowa przekraczająca 43° C potencjalnie może stać 
się podstawą do powstania metody ograniczającej rozsiew choroby nowotworowej w obrębie 
jamy otrzewnej. Jednak, aby to potwierdzić, konieczne jest przeprowadzenie obszernych, 
szczegółowych badań.

SUMMARY IN POLISH
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5. SUMMARY IN ENGLISH

Introduction

The use of intraperitoneal chemotherapy in hyperthermia has shown its increasingly important 
aspect of the treatment of neoplastic disease disseminated to the peritoneal cavity. The 
available specialist literature still lacks information on gas-based intraperitoneal hyperthermia 
and its possible use. Based on the physical properties of the gas, the previously undescribed 
generation of intraperitoneal gaseous hyperthermia exceeding 43 °C was investigated, its 
safety and limitations assessed. The unknown that needs to be investigated is whether the 
hyperthermia achieved in this way and the related biological and thermodynamic phenomena 
may have therapeutic potential in the treatment of cancer with metastatic changes within the 
peritoneum.

Purpose of the study:

The aim of the work is to investigate the effect of gas hyperthermia and dehydration on the 
HT-29 human colorectal cancer cell line and to assess the possibility of safe generation of 
intraperitoneal gas hyperthermia exceeding 43 °C in an animal organism. Moreover, the subject 
of the research is the assessment of the impact of gaseous hyperthermia and dehydration 
on the animal organism and the recognition of the above-mentioned factors method and its 
limitations. In the conducted research, attention was also paid to thermodynamic phenomena 
occurring during intraperitoneal gaseous hyperthermia. Thanks to the in vitro and in vivo 
experiments, the data necessary for the initial evaluation of the described method were 
obtained.

Results:

The study conducted on the HT-29 colorectal cancer cell line showed an increased cytotoxicity 
effect of hyperthermia at 45°C versus 37°C by almost 60%. Moreover, it was found that under 
the influence of dehydration, the cytotoxicity of the HT-29 colorectal cancer cell line was 
increased at 37°C. Dehydration coexisting with 45°C and 48°C hyperthermia showed similar 
levels of cytotoxic effects on tumor cells. In addition to the cytotoxic effect of dehydration and 
hyperthermia exceeding 43°C, the viability of tumor cells subjected to the above-mentioned 
phenomena was also assessed. The viability of tumor cells exposed to temperatures of 45°C 
and 48°C did not change compared to tumor cells exposed to 37°C. However, the phenomenon 
of dehydration significantly reduced it even at 37°C. This effect seemed to be enhanced by 
simultaneous exposure to 45°C and 48°C.It has also been proven that the safe generation 
of gaseous hyperthermia above 43°C is possible and safe in the animal body. No peri- and 
post-operative complications were observed after the procedure. In the morphological and 
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biochemical tests of swine blood, no significant deviations from the normal values of the 
evaluated parameters were noted. Neither no abnormal behavior of the animals was observed.

After the autopsy was performed, tissues were collected for further examination. In the 
histopathological examination of the peritoneum and liver tissue exposed to dehydration and 
gas hyperthermia exceeding 43°C, the presence of microhemorrhages, petechiae, blood clots, 
leukocyte infiltration and peritoneal edema were observed.

The above results indicate that gas hyperthermia exceeding 43°C can potentially become 
the basis for creating a method limiting the dissemination of neoplastic disease within the 
peritoneal cavity. However, extensive, detailed research is required to confirm this.

SUMMARY IN ENGLISH
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8. CONCLUSIONS

•	 Gas hyperthermia exceeding 43°C and dehydration in vitro have cytotoxic effects on 
colorectal cancer cells from the HT-29 colorectal cancer cell line and reduce their viability.

•	 Safe generation of intraperitoneal gaseous hyperthermia exceeding 43°C is possible in an 
animal organism.

•	 The gas used in the experiment as a temperature transmitter, due to its heat capacity, 
allows the safe use of higher temperatures inside the peritoneal cavity than in the case of 
liquid-produced hyperthermia.

•	 Intraperitoneal gas hyperthermia exceeding the temperature of 43°C and accompanying 
dehydration cause macro- and microscopic changes on the surface of the peritoneum. This 
can potentially make it more difficult for cancer cells to spread inside the peritoneal cavity.

•	 Obtaining intraperitoneal dehydration is technically possible during laparoscopy. The 
mentioned phenomenon may potentially contribute to the development of a new 
therapeutic method and find application in the treatment of patients with cancer 
disseminated to the peritoneal cavity. However, this method requires further detailed 
research.
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