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DEPENDENCE OF PROSTATE TISSUE PERMEABILITY ON THE WAVELENGTH
OF RADIATION IN THE INFRARED RANGE OF THE SPECTRUM

Abazadze S., Khuskivadze A., Kochiashvili D., Partsvania B.

Thilisi State Medical University, Department of Urology, Georgia

Among oncological diseases, prostate cancer (PC) ranks sec-
ond in mortality among men after lung cancer [1]. Therefore,
there is a lot of research on this disease by the leading scientists
in the world. An important role in the recovery of the patient
is given to the early diagnosis of prostate cancer, which allows
timely, effective and adequate treatment.

A pivotal role in the diagnosis of prostate cancer has been the
discovery of prostate-specific antigen, an enzyme that is pro-
duced directly by the prostate gland and is part of the prostate
secretion [2,6,8]. There is an insurmountable barrier for this en-
zyme between the stroma of the prostate gland and the blood
vessels, which is violated in the development of prostate cancer
and its level rises in the blood serum (norm <4 ng/ml) [4].

Determination of prostate-specific antigen and the digital-
rectal examination of prostate the are the studies that allow us
to suspect the prostate cancer. Suspicion is substantiated by
transrectal biopsy of the prostate gland, during biopsy 12 to 24
specimens of the prostate gland should be taken and their his-
tomorphological and immunohistochemical examination should
be performed. However, prostate biopsy is not a complete study
either, as in 30-34% of cases patients need to have a repeated
biopsy to confirm the diagnosis [3,9,10], which, as you know, is
a very invasive method. In addition, after the diagnosis of pros-
tate cancer, it is necessary to conduct imaging studies to study
the spread of the tumor, these studies are: magnetic resonance
imaging, radioisotope scan of the bones, etc. [5,6].

Objective: The objectives of our research are:
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1. Develop a more accurate imaging method of prostate can-
cer using infrared radiation;

2. Using this method, determine the localization of the tumor
area on the prostate gland

3. Develop a computer program that will be able to process
the received image and detect prostate cancer tissue at 95% con-
fidence intervals

4. Scan the prostate cancer tissue with different degrees of
aggressiveness through a computer program

5. The obtained data should be processed statistically.

Material and methods. In order to achieve this goal, the fol-
lowing tasks were set, to study the dependence of the perme-
ability of prostate tissue on the wavelength of radiation in the
infrared range of the spectrum.

Experiments have shown that visible light does not pass
through the prostate tissue; This tissue is permeable to infrared
rays. Studies have shown that the permeability of infrared rays
depends on the wavelength. It was experimentally determined
that the highest permeability was found in the wavelength range
840-860 nm. It has also been found that benign prostatic hy-
perplasia and prostate cancer tissue are characterized by vary-
ing permeability to infrared radiation. Healthy tissue has been
shown to have the highest permeability to infrared radiation.
Tumor tissue permeability is much lower than that of healthy
tissue. Prostate tissue permeability with benign hyperplasia is
between the permeability of healthy and tumor tissues. The first
figure shows the results of this study.
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Fig. 1. The dependence of the permeability of prostate tissues of the same thickness on the wavelength of radiation. Graph A- is a
graph of the dependence of healthy tissue on the wavelength of permeability. The maximum value of penetration is 1100 conditional
units (C.U). Graph C - The graph corresponds to the permeability of the cancerous tissue - the maximum value is 140 C.U. Graph
B- corresponds to benign hyperplastic tissue. Maximum permeability 480 C.U. The wavelength of the radiation is measured on the

abscess, the permeability to the ordinate in “conditional units (C.U)

Fig. 2. Permeability coding with tissue thickness for healthy prostate tissue. A - Graph corresponds to 2 mm thick tissue, B - Graph
corresponds to 6 mm thick tissue, C- Graph corresponds to 8 mm thick tissue, D - 15 mm thick tissue. The corresponding maximum

permeabilities are 435 C.U, 300 C.U, 160 C.U and 50 C.U

Fig. 3. Correlation of permeability with tissue thickness. Following tissues are non-cancerous (benign hyperplasia). A - The graph
corresponds to a 5 mm thick tissue, with a maximum penetration value of 320 C.U. B - corresponds to 10 mm thick tissue, maximum
penetration value 220 C.U, C - corresponds to 15 mm thick tissue, maximum penetration value 170 C.U. In all cases the maximum
permeability will be set at 840 nm. On the axis of the abscesses is given the wavelength of the radiation nm, on the axis of the ordi-

nates - permeability C.U

Thus, the maximum permeability for all three weaves is ob-
served at the same wavelength, namely 840 nm.

The dependence of the permeability of infrared radiation on
prostate tissue to tissue thickness was studied. Experiments
have shown that the permeability of infrared rays depends on
the thickness of the prostate tissue. The greater is the thickness,
the less is permeability and vice versa. Figure 2 shows the thick-
ness-dependent infrared radiation for healthy prostate tissue.
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It has been experimentally found that in the case of non-
cancerous prostate tissue, the dependence of the maximum
value of permeability on the thickness of the tissue is linear.
Figure 3 shows this relationship for benign prostatic hyper-
plasia tissues.

The dependence of the maximum value of permeability on
the tissue in this case is approximately linear, similar to that
of healthy tissue.
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Fig. 4. Permeability dependence of tissue thickness for prostate cancer tissues. A - corresponds to 2 mm thick tissue permeability,

B - corresponds to 4 mm thick tissue, Ch - corresponds to 6 mm thick tissue, D - corresponds to 10 mm thick tissue. The corresponding
maximum permeability for each schedule is 280 C.U., 240 C.U., 185 C.U. and 90 C.U. respectively
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Fig. 5. The dependence of permeability on the intensity and wavelength of radiation emitted by a source. In all cases the maximum
transmittance was observed at a wavelength of 840 nm. A - corresponds to the case of a source when the maximum radiation intensity
is equal to 160 MW / steradian. B - corresponds to the source intensity at 35 MW / steradian. C- corresponds to the source power at 25
MW / steradian, D - corresponds to the source power at 10 MW / steradian, E - corresponds to the source power at 4 MW / steradian

For prostate cancer tissue, the above relationship is not linear.
Figure 4 shows the dependence of tumor tissue permeability on
tissue thickness.

The dependence of permeability on the intensity of infrared
source radiation was studied. For this purpose, emitters of differ-
ent power were used in the experiments, While the emitted infra-
red wavelength and the tissue thickness were constant. Figure 5
shows one example of this relationship.

Conclusion. Thus, experiments have shown that infrared ra-
diation penetrates well into the prostate tissue. Maximum per-
meability will be observed in the range of 840-860 nm wave-
lengths. The permeability of cancerous, noncancerous and
healthy prostate tissues is different: the highest permeability is
characterized by healthy tissue. Cancerous tissue permeability is
minimal. Permeability management can be performed by adjust-
ing the radiation intensity of the radiation source. Dependence
of permeability on tissue thickness is linear for healthy tissue
and sharply non-linear for tumor tissue.

REFERENCES
1. http://www.who.int/mediacentre/factsheets/fs297/en/
2. Barry MJ. Clinical practice. Prostate-specific-antigen testing

for early diagnosis of prostate cancer. New England Journal of

© GMN

Medicine 2014; 344(18):1373-1377.

3. Faraz A. Baig, Amna Hamid, Talat Mirza, and Serajuddaula
Syed. Ductal and Acinar Adenocarcinoma of Prostate: Morpho-
logical and Immunohistochemical Characterization, Oman Med
J. 2015 May; 30(3): 162— 166. doi: 10.5001/0m;j.2015.36)

4. Pinsky PF, Prorok PC, Yu K, et al. Extended mortality re-
sults for prostate cancer screening in the PLCO trial with median
follow-up of 15 years. Cancer 2017; 123(4):592-599.

5. Luechinger, R.; Duru, F.; Candinas, R.; Boesiger, P. (2014).
“Safety considerations for magnetic resonance imaging of pace-
maker and ICD patients”. Herzschrittmacher-therapie und Elek-
trophysiologie 15: 73.

6. Mikolajezyk SD, Grauer LS, Millar LS, et al. A precursor
form of PSA (pPSA) is a component of the free PSA in prostate
cancer serum. Urology. 1997;50:710-714.

7. Thompson IM, Pauler DK, Goodman PJ, et al. Prevalence
of prostate cancer among men with a prostate-specific antigen
level < or =4.0 ng per milliliter. New England Journal of Medi-
cine 2016; 350(22):2239-2246.

8. Twilt J, Van Leeuwen K.G, Huisman H.J, Fiitterer J. J, M. Ar-
tificial intelligence based algorithms for prostate cancer classifi-
cation and detection on magnetic resonance imaging: a narrative
review Diagnostics (Basel), 11 (2021), p. 959

9. Van Poppel H, Hogenhout R, Albers P, Van den Bergh R.C.N, Bar-

113



entsz J.O., Roobol M.J. A European Model for an Organised Risk-
stratified Early Detection Programme for Prostate Cancer Eur Urol
Oncol. (2021), 10.1016/j.eu0.2021.06.006 Google Scholar [48]

MEJIMIJUHCKHUE HOBOCTHU I'PY3UU
LSIS@HOZIRM LSFIRNGO6(M LOSLLI6()

10. Wynants L, Van Smeden M, McLernon D. J., Timmerman
D., Steyerberg E.W, Van Calster B. Three myths about risk
thresholds for prediction models BMC Med, 17 (2019), 192.

SUMMARY

DEPENDENCE OF PROSTATE TISSUE PERMEABILITY ON THE WAVELENGTH
OF RADIATION IN THE INFRARED RANGE OF THE SPECTRUM

Abazadze S., Khuskivadze A., Kochiashvili D., Partsvania B.

Thilisi State Medical University, Department of Urology, Georgia

Prostate biopsy is considered to be one of the most aggres-
sive and invasive methods in the diagnosis of prostate cancer.
The researchers' efforts are aimed at using alternative and less
invasive methods to manifest this disease at an early stage.

The authors propose infrared radiation as a method of such re-
search, which, as studies have shown, is characterized by differ-
ent permeability to tumorous, healthy and hyperplastic prostate
tissue, in particular, the more damaged the prostate tissue, the
lower its degree of permeability.

Experimentally determined that the highest permeability was
found in the wavelength range 840-860 nm. It has been found that
cancerous, non-cancerous and healthy prostate tissues are charac-

terized by different permeability to infrared radiation. Healthy tis-
sue has been shown to have the highest permeability to infrared
radiation. Cancerous tissue permeability is much lower than that of
healthy tissue. Prostate tissue permeability with benign hyperplasia
is between the permeability of healthy and tumor tissues.

Infrared beam transmittance control can be performed by
adjusting the radiation intensity of the emitting source. Depen-
dence of permeability on tissue thickness is linear for healthy
tissue and sharply non-linear for tumor tissue.

Keywords: infrared beam transmittance control, permeabil-
ity of the infrared beam in the prostate gland, tissue thickness,
prostate cancer.

PE3IOME

3ABUCHUMOCTb IPOHUIIAEMOCTH TKAHEM ITPOCTATBI
OT JJIMHBI BOJIHBI U3JTYUYEHUA B UHO®PAKPACHOM JIMATIA3OHE CIIEKTPA

Aobazanze C.I., XyckuBaaze A.A., Kounamsuiu J1.K., [Tapusanus b.C.

Tounucckuii 20cyoapcmeenHblli MeOUYUHCKULL yHusepcumem, kageopa yporoeuu, I pysust

Buorncus npocrarel cuuTaeTCsl OZHUM U3 CaMbIX arpeccuB-
HBIX U MHBA3UBHBIX METOJOB JUArHOCTUKU paka MPOCTaThI.
VYeunus wuccnenoBaTeneil HampaBleHBl Ha HCIOJNb30BaHHE
aJbTEPHATUBHBIX U MEHEE MHBA3UBHBIX METOAOB JUIS BBISAB-
JIGHUS 3TOro 3a00JIeBaHUS HA paHHEH cTajuu.

B kadecTBe MeTO/Ia TAKOTO MCCIIEOBAHHUS aBTOPBI Mpeia-
raloT UHppaKpacHoe U3IIydeHUe, KOTOPOe, KaK [OKa3aIu Uc-
CJI€JIOBAHUS, XapaKTepU3yeTCsl Pa3IMYHON MPOHHUIIAEMOCTHIO
JUIsL OIyXOJIEBOM, 3710pOBOI M rumeprjia3upoBaHHON TKaHU
IIPOCTAThl, B YaCTHOCTH, 4eM OOJIbIIEe NOBPEXKICHA TKaHb
[IPOCTAThl, TEM HUXKE CTEHEHb €€ IPOHUIAEMOCTH.

OKCNepUMEHTAIBHO OMNpPEAENIEHO0, YTO camas BBICOKas
HPOHUIIAEMOCTh OOHapy)keHa B [MaNa3oHe JUIMH BOJH

840-860 M. BpIsBIEHO, UTO pakoBbIe, HE3JIOKAUYECTBEHHBIE
W 3]I0pOBBIE TKaHM NPOCTATHl XapaKTEPHU3YIOTCS Pa3INIHOM
MIPOHUIIAEMOCTBIO JUIsi HH(paKpacHOTo m3aydeHus. Jokasa-
HO, YTO 3[J0POBbI€ TKAHU UMEIOT CAMYIO BBICOKYIO IIPOHULIAE-
MOCTB JUIsI HHPPAKPACHOTO H3ITYUYCHHUSI.

[MpoHnmaeMocTh pakoBOH TKaHW HAMHOTO HYDKE, Y4eM 37I0-
poBoii. [IpoHHmaeMocTh TKAaHM HPOCTATHI NPH JOOpOKade-
CTBEHHOU THIIEPIUIA3HU HAXOAUTCS MEXIY IPOHHIAEMOCTHIO
30pOBOH U omyxoseBoi TkaHell. KoHTponbs npoHuiaeMocta
HH(]PAKPACHOTO JTyya MOXKET OCYLIECTBILITHCS ITyTEM Peryiu-
POBKH MHTCHCHBHOCTH H3JIyY€HHs HCTOYHHKA. 3aBHCHMOCTD
MIPOHUIIAEMOCTH OT TOJIIWHBI TKAHU SIBIISICTCS JIMHEHHON IS
3JI0pPOBOM TKaHU U PE3KO HEJIMHEHHOH - ISl OIYyXOJIEBOM TKaHU.
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TRACKING PREGNANCY OUTCOMES: DATA FROM BIRTH REGISTER OF GEORGIA

Goksadze E., Pitskhelauri N., Chikhladze N., Kereselidze M.

Ivane Javakhishvili Thilisi State University, Faculty of Medicine, Georgia
National Center of Disease Control and Public Health, Georgia

Reliable and high quality data are critical to identify issues
related to maternal health and factors affecting the reproductive
health as well as to measure progress towards the Sustainable
Development Goals [1-3].

In high-income countries there is a practice of comprehensive
national vital statistics and health register systems [4-6]. While
demands for reliable and timely data are growing, information
systems in most low- and middle-income countries (LMICs) are
currently not adequate to the task [7,8]. They couldn’t provide
countries with reliable and timely data on all factors, affecting
fertility and reproductive health needed for assessing the impact
of some health programs for female population.

In LMICs nationwide surveys have been the main source for
reproductive health policies and planning. Three rounds of na-
tionwide Reproductive Health Surveys (RHS), developed by the
U.S. Centers for Disease Control and Prevention (CDC) and fi-
nanced by UN, were conducted in Georgia, the last one in 2010.
Set within the context of overall social and economic develop-
ment in Georgia, the aim of the 2010 survey was to obtain the
national and regional estimates of basic demographic and repro-
ductive health indicators. Since 2010, there was a lack compre-
hensive information on reproductive health status and utilization
of reproductive and maternal health care [9].

In 2016, an electronic case-based system for antenatal and
obstetric services, so called “Georgian Birth Registry” (GBR),
which provides continuous monitoring of pregnant women from
the first antenatal visit until childbirth, was introduced through-
out the country. GBR was established in collaboration with
Norwegian partner (The Arctic University of Norway) having a
rich experience of working on registry systems. DIKU founded
Project ,,Georgian-Norwegian Collaborative in Public Health”
aimed to enhance the knowledge transfer in register-based epi-
demiology for using large database of BR as an evidence for
identification of emerging issues of maternal and child health
in the antenatal and perinatal phases and for improving mater-
nal and child health in the country [10]. It was an innovative
approach and important step forward, as it gave the possibility
to describe maternal and child health, as well as reproductive
health issues in correlation with different social factors, which
influenced the fertility and pregnancy outcomes [11].

The correlation between women’s education and reproductive
health is strongly observed across the regions and time, but differs
by countries [12,13]. There is also a growing literature on the rela-
tionship between female employment and fertility. Some studies ar-
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gue that the causal effect travels from female labor participation to
fertility and other studies argue the opposite [ 14]. It would be useful
for policymakers in Georgia to understand the mechanisms through
which female education or socioeconomic factors such as an em-
ployment status and place of residence affect fertility in the contexts
in which these outcomes are observed. In Georgia there is a lack
of study addressing pregnancy outcomes. The aim of the research
is to study influence of education, employment status and place of
residence on pregnancy outcomes among women in Georgia.

Material and methods. Georgian Birth Registry (GBR) data
from 2018 has been used for this study. The majority of vari-
ables of the database contain empty values for some records.
Thus, only valid values were taken for the analysis (empty val-
ues were skipped).

Results and discussion. The total number of all pregnancies
with the outcome (delivery or abortive outcome) in 2018 was
73726, among them the share of deliveries was 68%, abortions -
31%. More than half (52%) of all pregnancies with the outcome
in 2018 were indicated as unplanned. Higher percent of un-
planned pregnancies was indicated among rural women (51%),
less educated (67%) and temporally unemployed (87%) women.

The total number of deliveries in Georgia significantly de-
creased from 61928 in 2010 to 50468 in 2018. Lower share of
deliveries revealed in employed women. 38% of deliveries with
the outcome in 2018 were indicated as unplanned, among them
58% was indicated in women with low educational level, 83% -
in temporally unemployed and 57% in urban women.

Eight antenatal visits are financed by the government of Geor-
gia in the frame of state program (Ministry of Labor, Health and
Social Care of Georgia 2017). Out of the total number of deliv-
eries, deliveries with the timely initiated first visit (<12 weeks)
was 73%. Timely initiation of first visit was more common in
urban areas than in rural areas (76% vs. 71%), among women
with university education (79%) and employed women (82%).

The share of all caesarean section out of total number of de-
liveries has been carried out by 42% in Georgia. Since 2000, the
number of caesarean sections has been increased almost 5 times
and the rate of C-Sections in Georgia is one of the highest among
all countries of WHO European Region (15). The share of C-
Sections performed without indication in all age groups didn’t
exceed 14%, although it was the much higher in the age group
under 20 years — 25%. Share of C-Sections performed without
indication was more common in less educated (52%) and tem-
porally unemployed women (79%), in urban areas (60%).
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