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Abstract. Application of Near-infrared reflectance spectroscopy in the diagnosis of varicocele in children and
adolescents. Digtiar V.A., Vernihora D.G., Zavorotnya Yu.V., Gladkiy A.P., Kaminska M.O. Varicocele is a venous
anomaly characterized by the enlargement of the plexus of veins in the testicle. In pediatric cases, indications for surgical
intervention in varicocele include palpable dilatation of the enlargement of the plexus veins, intermittent pain in the
ipsilateral testicle, and a 20% reduction in size of the ipsilateral testicle compared to the contralateral healthy one. The
limitations of evaluating these criteria and the need to assess semen parameters prompt clinicians to explore new
diagnostic methods for timely surgical interventions in adolescents. One such promising study involves Near-infrared
reflectance spectroscopy (NIRS) in the Near-infrared range. The aim of the research is to evaluate the diagnostic
capabilities of NIRS in children with varicocele to determine the indications for surgical intervention. The study included
65 boys aged 11 to 17 years with left-sided grade III varicocele (main group) and 29 healthy boys as a control group.
Monitoring of regional oxygen saturation (rSO>) of testicular tissues was conducted using optical spectroscopy. NIRS
examination of testicular tissues in both study and control groups showed statistically homogeneous data for regional
oxygen saturation in the healthy (right) testicle. However, the NIRS study revealed significantly lower oxygen saturation
(rSO;) in the testicular tissue of the left testicle in patients with varicocele compared to the control group. The diagnostic
significance of the difference in bilateral NIRS monitoring A rSO, >13% reliably characterized the presence of testicular
hypotrophy by more than 20% compared to the healthy contralateral side (AUC=0.64, 95% CI (0.505-0.775), sensitivity —
79%, specificity — 50%, p=0.042). 4 ¥rSO;>11% values indicated disturbances in spermogram related to oxidative stress
(AUC=0.702, 95% DI (0.51-0.88), sensitivity — 82%, specificity — 61%, p=0.031). Therefore, NIRS study data have
potential valuable information for the diagnosis and selection of treatment for varicocele in children. The research
utilizing Near-infrared Reflectance Spectroscopy revealed a significant potential of this method for diagnosing and
assessing the impact of varicocele on the microcirculation of testicular tissue in children. The diagnostic significance of
the difference in bilateral monitoring using this non-invasive technique in determining the state of testicles and the
possibility of addressing the question of the necessity of surgical intervention is established.

Pedepart. 3acTrocyBanHs cnekTpockonii B 0.1M3bK0MY iH(ppauepBOHOMY iana3oHi B JiarHOCTHII BapuKoLeJie B
aiteit Ta migaitkie. Jlirtap B.A., Bepniropa I.I',, 3aBoporns 10.B., T'saakmii O.I1., Kaminceka M.O.
Bapuroyene — e6enosna anomanis, 30inbuienHss 2POHONOOIOHO20 CHJIEMEHHS AECYKA, 5KA GUKIUKAE 0e3nnidos ma
nOpPYWeHHs yHKYIT seuka. Y oumsuomy eiyi noKa3anHsaM OJisl ONePAMUEHO20 6MPYUAHHs NPU 6APUKOYeETe €: NAIbILOBAHE
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KJIIHIYHA MEJIMITHHA

PO3UUpEHHs 8eH 2POHONOOIOH020 CHAemenHs, nepiooudnul Oilb 6 INCUIameparbHOMYy SECUKY, 3MEeHUeHHs incuna-
mepanvhozo seuka na 20% nopienano 3 KommpaiameparvHum 300posum. Hasenicme yux xpumepiie ma obmedcena
MOJCIUBICING  OYIHUMU NOKAZHUKU EAKYIAMY 3MYUWYIOmMyb  KIHIYUCMIE WYKaAmu HO8L OiAeHOCMUYHI Memoou, SKi
OONOMOINICYMb BYACHO NPOGOOUMU ONEPAMUBHE BMPYYAHHS 6 NIOnimKig. OOHUM 3 MAKUX OOCNIOJNCEHb MOdCe CIAmu
Near-infrared reflectance spectroscopy (NIRS) — cnekmpockonis 6 6nuzbkomy ingpauepeonomy oianasoni. NIRS
00360714€ 30ilicCHIO8AMU Oe3nepepeHUll MOHIMOPUHE 2eMOOUHAMIKU Ul OKCU2EHAYIl WLIAXOM BUMIDIOBAHHS 3MIH KOH-
yenmpayii OKCU2EHOBAHO20 MA 030KCULEHOBAH020 2eM0o2Nodiny. Memoio docniodcenHs 6yna oyiHKa Oia2HOCMUYHUX
moorcnugocmeti memoouxku NIRS y Oimetl 3 apukoyene 01 8U3HAYEHHS NOKA3AHb 00 ONEPAMUBHO20 BMPYYAHHA. YV
odocnioacenti bpanu yuacms 65 xnonuuxie gikom 6i0 11 0o 17 pokie 3 nigobiunum eapuxoyene Il cmynens (ocnoena
epyna) ma 29 300posux XionyuKie 6 AKOCmi KOHMPOAbHOI epynu. 30iCHIOBABCA MOHIMOPUHE PETiOHAPHOI HACUYeHOCmi
MecmuKyIApHUX MmKaHuH KucHem (rSO;) 3 BUKOPUCTNAHHAM cucmemu onmuyHoi cnekmpockonii. Pesynomamu NIRS-
00CTIOIHCEHHS MECTUKYISAPHOI MKAHUHY 8 Oimell OCHOBHOI | KOHMPONLHOI 2pYN NOKA3aLU CIMAMUCHMUYHO 0OHOPIOHT OaHi
PeciOHApHOI HacU4eHOCMI KUCHeM MKAHUK 300p06020 (npaeso2o) secuka 6 060x epynax, Hamomicms NIRS-0ocniodcenns
NOKA3aU, WO pe2ioHANbHA HacudeHicmb Kuchem (rSO3) 6 meCmuKyIApHil MKAHUHI 116020 SIEUKA OY1A 3HAYHO HUICHOIO
8 nayienmis 3 gapuxoyeie NOPIGHAHO 3 KOHMPOIbHOIO 2PYNOIO. Ycmanoseneno, wo 0iacHoCmuuHe 3HAYeHHS PisHUYi
nokasHuxis oinamepanorozo monimopuney NIRS A rSO; > 13% docmogipno xapakmepu3sye Hasi8Hicmb 2inompoii sieuxa
oinvue Hioie Ha 20% nopieHsaHo 31 300posum 3 Konmpaiamepaivhozo 6oky (AUC=0,64, 95 % /I (0,5-0,77), yvymaugicmo
— 79%, cneyughiunicmo — 50%, p=0,042), a 3navenna A rSO,>11% ceiduams npo nopyuienns @ cnepmozpami, nog 'sa3ami
3 oxcuoamusHum cmpecom (AUC=0,7, 95% I (0,51-0,88), uymausicmo — 82%, cneyugiynicme — 61%, p=0,031).
Omorce, 0ani NIRS Oocnidoicenns maroms nomenyitiHy KOpucHy ingopmayito 014 diaeHocmuxku ma eubopy aiKy8aHHs
sapukoyene 8 Oimeil. J{oCHiONCeHHs 3 BUKOPUCTNAHHAM ONUNCHbOI IHOPAUEPBOHOI CNeKMPOCKONIL BUABUNO BANCTUBULL
nomeHyian ybo2o Memoody 014 OidcHOCMUKU mda OYIHKU GNIUBY 8apukroyene HA MIKpOYUPKYIAYIIO MeCmUuKYIApHOL
mKaHuHu 6 Oimell. Ycmawnosnena O0iaZHOCMUYHA 3HAUYWICMb PISHUYI NOKA3HUKIE OLIamepaibHO20 MOHIMOPUHEY 3
BUKOPUCIAHHAM YI€i HEIHBA3UBHOT MEXHIKU V 8UHAYEHHI CMAHY AEUOK MA MONCIUBOCI SUDIUEHHS NUMAHHA NpO

HeoOXIOHICMb XIPYPSIUHO20 GMPYYAHHSL.

Varicocele is a venous anomaly characterized by
the enlargement of the plexus of veins within the
scrotum. It holds the highest prevalence among
urological disorders, affecting approximately 15% of
males, both in adolescents and adult men.

Male infertility associated with wvaricocele is
observed in 30-40% of cases of primary infertility and
in 80% of patients with secondary infertility [1]. Vir-
tually all patients with varicocele experience damage
to the testicular parenchyma, leading to a reduction in
testicular volume, spermatogenesis dysfunction,
changes in hormonal production, and damage to
sperm DNA. The mechanism of testicular dysfunc-
tion in idiopathic varicocele is secondary and arises
from an increase in temperature within the scrotal
cavity and oxidative stress. Indirect evidence of the
dependence of spermatogenesis and testicular func-
tion on temperature is seen in similar changes in
cryptorchidism [2].

Other studies indicate that changes in varicocele
are dependent on transient hypoxia and the presence
of oxidative stress in the testicle due to venous
congestion [3].

Standard diagnostic methods for varicocele in chil-
dren differ significantly from those in adults. In
adulthood, diagnostic criteria for varicocele include
palpable enlargement of the plexus of veins, infertility
in a marriage with a woman of normal fertility, and
changes in the semen analysis. These criteria are reliable
and practically do not raise additional questions regar-
ding the indications for surgical intervention [4].
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In childhood, due to the inability to apply the
criteria mentioned above, indications for surgical
intervention are as follows: palpable enlargement of
the plexus of veins, intermittent pain in the ipsilateral
testicle, and a 20% reduction in the size of the ipsi-
lateral testicle compared to the contralateral healthy
one [5]. The presence of only these criteria and the
inability to assess semen parameters compel clini-
cians to search for new diagnostic criteria that will
help identify new predictors, prompting timely sur-
gical intervention in adolescents.

One of such study could involve Near-infrared
Spectroscopy (NIRS), which operates in the Near-
infrared range. NIRS allows continuous monitoring
of hemodynamics and oxygenation by measuring
changes in the concentration of oxygenated and
deoxygenated hemoglobin. With a sufficient number
of observations, this method may become one of the
predictors for considering surgical intervention in
childhood in the future, especially when standardized
investigations are not feasible, and it can complement
existing diagnostic approaches.

The aim of the study: assessment of the diagnostic
capabilities of the NIRS methodology in children
with varicocele for determining indications for
surgical intervention.

MATERIALS AND METHODS OF RESEARCH

The research was conducted at the Department of
Urology and Reconstructive Surgery of the Municipal
Enterprise "Regional Medical Center for Family
Health" in Dnipro city. The study was carried out
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within the framework of a PhD dissertation. The
research has been approved by the Biomedical Ethics
Committee of DSMU (protocol 8, dated 2020) and
conducted in accordance with the written consent of
participants, parents, or guardians of children, as well
as in accordance with the principles of bioethics
outlined in the Helsinki Declaration "Ethical Prin-
ciples for Medical Research Involving Human Su-
bjects" and the "Universal Declaration on Bioethics
and Human Rights (UNESCO).

Inclusion criteria for the study were as follows:
boys under the age of 18, a verified diagnosis of grade
III varicocele in combination with intermittent pain in
the ipsilateral testicle or testicular hypotrophy of
more than 20% compared to the healthy contralateral
side, and the presence of signed informed consent
from parents for the surgical intervention.

The diagnosis of varicocele was established accor-
ding to the standard classification by Dubin, where
the first degree involves the expansion of the plexus
of veins detectable only by palpation during the
Valsalva maneuver in a vertical position. The second
degree involves palpable enlargement of the plexus of
veins at rest. The third degree involves visible
expansion of the plexus of veins through the skin [6].

Exclusion criteria from the study were as follows:
the presence of aorto-mesenteric compression, vari-
cocele caused by abdominal masses or tumors, May-
Thurner syndrome, and isolated grade III varicocele.

Aorto-mesenteric compression was excluded based
on the absence of the standard triad of symptoms:
varicocele, malignant hypertension, and hematuria [7].

Abdominal masses and tumors were ruled out
during screening ultrasound examinations. May-
Thurner syndrome and isolated right varicocele were
excluded based on the absence of pathological
processes in the contralateral right testicle [6].

Out of the 70 examined patients, 65 children met
the inclusion criteria for the study. Their ages ranged
from 11 to 17 years (mean age — 16 (15; 17) years), and
they had left-sided grade III varicocele (main group).
For comparison of NIRS indicators in healthy children,
a control group was formed with 29 boys aged 10 to
17 years, with a mean age of 16 (14; 16) years (no
significant difference between groups, p=0.108
according to the U-criterion).

For the diagnosis of hypoxic-ischemic changes in
the testicular parenchyma and the diagnosis of
enlargement of the plexus of veins, physical exami-
nation, ultrasound with Doppler mapping in both
vertical and horizontal positions in combination with
the Valsalva maneuver were applied.

Standard clinical and instrumental examinations
were complemented by a semen analysis in children
older than 16 years who had prior manual experience
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and, together with their parents, provided informed
consent. Additionally, regional oxygen saturation
measurements (rSO;) were taken, providing in-
formation about the local balance between oxygen
delivery and demand. NIRS investigations were
conducted on both the healthy right testicle and the
left testicle with varicocele. The optical spectro-
scopy system used for the study was the INVOS
Somatic Oximetry Medtronic, applied continuously
for 2 hours with two sensors on the volar and dorsal
surfaces of the scrotum over each testicle. The
testicles were manually mobilized close to the skin
and secured. Data were recorded every 15 seconds,
displaying absolute values on the monitor as a
percentage, with a real-time tissue oxygenation mo-
nitoring graph on the INVOS monitor, and infor-
mation recorded on an electronic storage device for
subsequent statistical processing. Monitoring was
performed for 2 hours on each side, totaling 480 mea-
surements with the determination of the average
indicator for each testicle. To eliminate false results
or the inclusion of artifacts in statistical processing,
zero values of rSO; and changes exceeding 30 within
4 consecutive measurements were excluded. In ad-
dition to the measured rSO; values on the right and
left sides, the difference index between them was
calculated: A rSO; = rSO; right - rSO; left.

The tissue oxygenation monitoring pattern is
standardized [8], but the methodology and data inter-
pretation during testicular spectroscopy were
adjusted not for acute circulatory disorders but for
chronic tissue ischemization.

Statistical analysis of the research results was
performed using STATISTICA v. 6.1 (StatSoft Inc.,
USA, serial number AGAR909E415822FA) and
MedCalc Software trial version 20.218 (MedCalc
Statistical ~ Software Ltd, Ostend, Belgium;
https://www.medcalc.org; 2023) — an open-access
internet resource [9].

Considering the deviation of the distribution of
most quantitative variables from the normal law by
the Shapiro-Wilk criterion, non-parametric charac-
teristics and methods of analysis were used: median
(Me) with interquartile range (25%; 75% percentile),
Mann-Whitney U test for independent samples. For
qualitative variables, the Pearson chi-square test (2),
including Yates' continuity correction, was used. The
relationship between features was assessed using
Spearman's rank correlation coefficients (rs). The
diagnostic criteria of NIRS investigation as predictors
for determining indications for surgical intervention
were evaluated using ROC analysis with the cal-
culation of the area under the ROC curve (AUC) with
a 95% confidence interval (CI), determination of the
optimal cutoff point, and the corresponding
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sensitivity and specificity indices. Values of p<0.05
were considered statistically significant.

RESULTS AND DISCUSSION

The general and clinical characteristics of patients
in the main group at the beginning of the study are
presented in Table 1. From the table, it can be
observed that nearly 75% of patients with grade III
varicocele complained of pain in the ipsilateral tes-

ticle, while 44% exhibited a reduction in the size of
the left testicle by 20% or more compared to the
contralateral testicle. Additionally, among 41 ado-
lescents aged over 16 years, 28 (68%) showed evi-
dence of spermatogenic impairment. Ultrasound exa-
mination with Doppler mapping revealed sonographic
signs of altered perfusion in the testicular tissue,
characterized by significant increases in blood flow
velocity and the dimensions of the spermatic vein.

Table 1

General and clinical characteristics of patients in the main group at the beginning of the study

Indicator

All patients (n=65)

Age, years

BMI, kg/m2
Sexual maturity stage (Tanner scale):

-4

-5

Presence of pain

Contralateral (right) testicle volume, cm3

Ipsilateral (left) testicle volume, cm3

Testicular atrophy

Diameter of spermatic vein without Valsalva maneuver, mm
Diameter of spermatic vein with Valsalva maneuver, mm
Blood flow velocity, sec

Spermogram parameters:

- Normozoospermia

- Oligozoospermia

- Asthenozoospermia

16 (15; 17)

19,1 (18,3; 21,1)

25 (38%)
40 (61%)
48 (73%)
10,6 (7,8; 13,1)
7,9 (5,6; 10,5)
29 (44%)
3,7 (3,15 4,0)
5,0 (4,05 5,5)
5,0 (4,05 6,8)
(n=41)
13 31%)
21 (51%)
7 (17%)

Note. Data are presented as Me (25%; 75%) or abs. (%).

NIRS examination of testicular tissue in children
from the main and control groups revealed sta-
tistically consistent data on regional tissue oxygen
saturation of the healthy (right) testicle in both
groups: 60% (51; 63) in the main group and 57% (54;
61) in the control group (p>0.05). However, signi-
ficant differences (p<0.001) between the observation
groups were found regarding the rSO» values of the
left testicle with varicocele, which were 1.3 times
lower than in the control group: 41% (34; 47) versus
55% (53; 62). Overall, the difference in rSO, measu-
rements between the right and left testicles (A rSO;)
in healthy children ranged from — 3% to 4% with a
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median of 1% (-1; 2), while in children with grade III
varicocele, the disparities were more substantial,
varying from 3% to 37% with a median of 16% (11;
22) at p<0.001 between the groups (Table 2).

According to the results of ROC analysis, the
difference of more than 4% (A rSO,>4%) between
bilateral measurements of NIRS testicular tissue
parameters in children can serve as a clear diagnostic
criterion for impaired blood flow in the testicle with
varicocele: the area under the ROC curve (AUC) is
0.999, 95% CI (0.99 — 1.0), with sensitivity of 96%
and specificity of 100% at p<0.001.

Ha ymoeax niyensii CC BY 4.0
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Table 2

Average rSO: values in children from the main and control groups based on NIRS monitoring

Indicator

Research Group

Differences between

Groups (p)*
main group (n=65) control group (n=29)
rSO: of the right testicle, % 60 (51; 63) ° 57 (54; 61) 0,847
rSO: of the left testicle, % 41 (34;47)° 55 (53; 62) <0,001
ArSOz, % 16 (11; 22) 1(-1;2) <0,001

Notes: data are presented as Me (LQ; HQ); * — based on Mann-Whitney U test; °© — p<0.001 for comparisons (by Mann-Whitney U test).

Correlation analysis of NIRS measurements and
other characteristics in patients from the main group
revealed significant associations of bilateral dif-
ferences in rSO, measurements with ipsilateral
testicular hypotrophy (rs=0.241; p=0.050), including

the percentage reduction in its size compared to the
contralateral testicle (rs=-0.256; p=0.040), as well as
with abnormalities in spermogram results (rs=0.326;
p=0.037), which are essential diagnostic criteria for
varicocele requiring surgical intervention (Table 3).

Table 3

Average A rSO; measurements in children from the main group depending
on the presence or absence of trophic disorders in the ipsilateral testicle
and abnormalities in the spermogram (based on NIRS monitoring)

Differences between

Parameter Presence of the characteristic Absence of the characteristic
measurements (p)*
Testicular atrophy 18 (14; 23) 14 (10; 21) 0,050
Abnormal spermogram 19 (13; 23) 10 (75 17) 0,039

Notes: data are presented as Me (LQ; HQ); * — using the Mann-Whitney U-test.

Furthermore, a tendency towards increased blood
flow velocity in the testicular tissue and enlargement
of the testicular vein (without Valsalva maneuver)
was observed with an increase in the A rSO»
measurements: rs=0.204, p=0.102, and rs=0.206,
p=0.10, respectively. By the way, unilateral rSO,
measurements did not show significant correlations
with the investigated characteristics, except for
mutual dependence (rs=0.459, p<0.001). This
indicates the low informativeness of separate rSO»
measurements on the testicles as predictors for
determining the indications for surgical intervention
in children with varicocele.

At the same time, the diagnostic significance of
the difference in bilateral NIRS monitoring (A rSO>)
as predictors for choosing the treatment strategy for
varicocele is confirmed by the results of the
conducted ROC analysis. It has been established that
A1SO, values >13% reliably characterize the
presence of testicular hypotrophy of more than 20%
compared to the healthy contralateral side
(AUC=0.64, 95% CI (0.5-0.77), sensitivity — 79%,

24/Tom XXIX/1

specificity — 50%, p=0.042), and A rSO; values >11%
indicate spermogram abnormalities associated with
oxidative stress (AUC=0.702, 95% CI (0.51-0.88),
sensitivity — 82%, specificity — 61%, p=0.031) (Fig.).

NIRS — Near-infrared Spectroscopy, allows con-
tinuous monitoring of hemodynamics and oxyge-
nation by measuring changes in the concentration of
oxygenated and deoxygenated hemoglobin.

Human tissues are characterized by the property
of transmitting light in the Near-infrared (NIR)
spectrum range. During the passage of a light beam
through biological tissues, pigmented compounds
known as chromophores, absorb light (600-1000 nm).
The light-absorbing property of chromophores is
most sensitive in the body to oxyhemoglobin and
deoxyhemoglobin.

Morphometric studies of the vascular system have
shown that approximately 75-85% of the volume is
attributed to the venous component. As NIRS is not
dependent on the pulsatile wave, the data indicate an
average (practically 85% venous) concentration of
oxyhemoglobin, providing information about the
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local balance between oxygen delivery and demand.
The venous component dominates in varicose
dilatation of the enlargement of the plexus veins.

Furthermore, testicular biopsies from men with
varicocele have provided histological evidence that
varicose dilatation of the enlargement of the plexus
veins leads to blood stasis in microcirculatory
vessels, resulting in ischemic structural changes at
the cellular level. Evidence of hypoxia in men with
varicocele has also been investigated at the
molecular level. In a study [11], higher expression
of hypoxia-inducible factor la, a key regulator in
tissue response to hypoxia, was noted. Another
confirmation of the theory that varicocele reduces
local blood flow to the testicle comes from studies
demonstrating improved arterial hemodynamics in
the testicle after varicocelectomy.

Classically, NIRS was used primarily for measu-
ring cerebral oximetry, abdominal splanchnic oxi-
metry, and cerebral oxygenation in neonatology,
particularly in cases of congenital heart defects.
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As it is known, the penetration depth of light in
biological tissues depends on both its wavelength and
the absorbing properties of the tissues. Near-infrared
light is primarily absorbed by the skin, but a portion
of it (about 30%) can penetrate up to 30 mm deep,
reaching the subcutaneous fat layer and the organs
beneath it. On the one hand, this penetrating property
of Near-infrared light and the relatively thin covering
tissues make NIRS impractical for children of other
age groups. On the other hand, it allows for the asses-
sment of oxygenation in organs like the testicles due to
the absence of subcutaneous fat and the mobility of the
testicles (with their proximity to the skin).

Considering the research results, this method may
become one of the predictors for considering surgical
intervention in pediatric cases in the future, especially
when standardized examinations are not feasible.
Interpreting the obtained data and extrapolating them
to practical medicine, a new indication for surgical
intervention in pediatric varicocele could be defined
as A rSO,>13% between the left and right testicles.
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b)

ROC curves of the difference in bilateral NIRS monitoring (A rSO2)
in the presence of ipsilateral testicular atrophy (a) and spermogram abnormalities (b)

Near-infrared Spectroscopy allows continuous
monitoring of hemodynamics and oxygenation by
measuring changes in the concentration of
oxygenated and deoxygenated hemoglobin [10].
Human tissues have the property of transmitting light
in the Near-infrared (NIR) spectrum range. During
the passage of a light beam through biological tissues,
pigment compounds known as chromophores absorb
light (600-1000 nm).

Traditionally, NIRS was used in the prism of
measurement of cerebral oximetry, abdominal splan-
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chnic oximetry, and cerebral oxygenation in
congenital heart defects in neonatology [12]. The
penetration depth of the NIRS light into biological
tissues depends on both the length and the absorbing
properties of the tissues. Near-infrared radiation is
mainly absorbed in the dermis, but some of it (about
30%) penetrates to a depth of up to 30 mm, reaching
the subcutaneous fat layer and the organs located
beneath it. On the one hand, this penetrating property
of NIR radiation and the thinness of the covering
tissues in newborns make NIRS impractical for
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children of other age groups. On the other hand, it
allows the assessment of oxygenation in organs such
as the testicle, due to the absence of fat tissue under
the skin and the mobile nature of the testicle (close
proximity to the skin) [13].

Taking into consideration the results of the
study, it can be considered that this method may
potentially become one of the predictors for
initiating consideration of surgical intervention in
childhood when standardized examinations are not
yet feasible and will complement existing ones.
Interpreting the obtained data and extrapolating
them to practical medicine, a new indication for
initiating  surgical intervention in pediatric
varicocele can be highlighted — the significance of
A 1SO2>13% between the left and right testicles.
Furthermore, A rSO,>13% values reliably cha-
racterize the presence of testicular hypotrophy by
more than 20% compared to the healthy
contralateral side (AUC=0.64, 95% CI (0.5-0.77),
sensitivity — 79%, specificity — 50%, p=0.042), and
A1SO2>11% wvalues indicate disturbances in
spermogram  related to  oxidative  stress
(AUC=0.702, 95% CI(0.51-0.88), sensitivity —
82%, specificity — 61%, p=0.031).

CONCLUSION

1. Research using Near-infrared spectroscopy has
revealed the significant potential of this method for

diagnosing and assessing the impact of varicocele on
the microcirculation of testicular tissue in children.

2. It has been determined that the diagnostic value
of the difference in bilateral monitoring of Near-
infrared reflectance spectroscopy A rSO2 >13% re-
liably characterizes the presence of testicular hypo-
trophy by more than 20% compared to the healthy
side (AUC=0.64, 95% CI (0.5-0.77), sensitivity —
79%, specificity — 50.0%, p=0.042).

3. It has been established that the diagnostic value
of ArSO2>11% indicates disturbances in the
spermogram associated with oxidative stress
(AUC=0.702, 95% CI (0.51-0.88), sensitivity — 82%,
specificity — 61%, p=0.031).
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