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ABSTRACT

Chronic salpingophoritis is a critical inflammatory disease of the pelvic organs and is a risk factor of diminished ovarian
reserve. Notably, chronic salpingophoritis is accompanied by decreased blood supply in the uterus. Circulation in the peripheral
bloodstream of pathological inflammatory factors and immune complexes in the blood contributes to the development of
oxidant stress, which damages the endothelium vessels and leads to impairment of its functions. Against the background
of long-term pathological reactions in the inflammation center forms a vicious circle, wherein endothelial dysfunction plays
a crucial role in the development of sclerotic processes in the ovarian tissues and endocrine function of the organ. These
persistent morphofunctional disorders contribute to the delay of follicle maturation, which leads to decreased ovarian reserve.
The result of the study reveals that, in women, during the peak of reproductive function, having chronic salpingophoritis and
reduced ovarian reserve, blood flow in the ovarian arteries deteriorates. Pronounced changes in the dopplerometric blood flow
parameters in the ovarian arteries are caused by damage to the vascular wall such as distortion of its tone and disorders in the
production of vasoconstrictors and vasodilators (NO and ET-1). This is exacerbated by blood vessel endothelial thrombogenicity
and results in long-term endothelial dysfunction, which contributes to impaired hormonal function of the ovaries. Notably, a
persistent disorder of vasodimotor and thrombogenic endothelial function leads to a decrease in recruitment of follicles in the
ovaries and reduction in ovarian reserve in the selected patient population.

Keywords: pelvic inflammatory disease; chronic salpingo-oophoritis; endothelial dysfunction; ovarian reserve; flow-mediated
dilation.
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Ponb 3HpoTennanbHoi AUChHYHKLMM B CHUXKEHUM
OBapuaibHOro pesepBa Y XXEHIMUH C XPOHUYECKUM
CaNbNUHrooop1TOM

H.A. byposa, T.C. KnumentoBa, 0.A. ApbiruH, J1.T. bypaeHko

Bonrorpapckuii rocynapcTBeHHbIN MeauULIMHCKMIA yHuBepeuTeT, Bonrorpag, Poccus

AHHOTALMSA

Cpepm BocnanuTenbHbIX 3aboneBaHuii 0praHoB Manoro Tasa 0coboe MecTo 3aHMMaeT XPOHUYECKMIA CanbMUHIO0(OPUT, KOTO-
PbIi SABNIAETCS 04HMM U3 HAKTOPOB PUCKA CHUKEHWSA 0BapUaNbHOIO pe3epBa AUYHUKOB. M3BECTHO, YTO XPOHUYECKUIA CaNbMnH-
roohopuT CONPOBOXAAETCA YXYALIEHUEM KPOBOCHAbKEHMs B NpuaaTkax MaTku. Linpkynaums B nepudepryeckom KpoBoToKe
NaTosorM4ecKUx NPOBOCMANMUTENbHBIX GAKTOPOB M UMMYHHBIX KOMMJIEKCOB B KPOBM CMOCOBCTBYET PasBUTUIO OKCUAAHTHOTO
CTpecca, 4To NOBPEeXAAeT SHAOTENMN COCYLOB W BEAET K HapyLUeHUo ero ¢yHKumiA. Ha doHe anuTenbHO npoTeKatowwmx na-
TONOTMYECKMX peaKLmii B o4are BocnaneHus hopMMpYeTcs MOPOYHbIN KPYr, B KOTOPOM 3HAOTENMUaNbHas AMCHYHKLMA UrpaeT
BA)HYH POJib B Pa3BUTUM CKIIEPOTUYECKUX NPOLIECCOB B TKAHAX AMYHWUKOB W HapyLUEHWUN 3HLOKPUHHOW (YHKLMM opraHa. ITn
CTOMKMe MOpQOdYHKLMOHANbHBIE HAPYLLEHUS CMOCOBCTBYIOT 3aJepiKKe CO3peBaHMs (ONIMKYNIOB, YTO MPUBOAUT K CHUME-
HMI0 OBapUabHOIO pe3epBa.

B pesynbTate npoBefEHHOr0 UCCNELOBAHUS BbISBNEHO, YTO Y KEHLUMH, UMEIOLLMX XPOHUYECKUA CanbMUHIO0(hOPUT U CHU-
)XEHHbIA OBapUasbHbIli pe3eps, B NEPUOL pacuBeTa penpoayKTUBHONW (QYHKLMKM YXYALLAETCH KPOBOTOK B apTepUsX SUYHMU-
KOB. Bblpa)eHHble M3MeHeHUs [LOMniepoMeTpUYEcKUX MapaMeTpoB KPOBOTOKA B AIMYHMKOBBLIX apTepusx 00YCIoBMEHbI
CTOMKMUM MOBPEXJEHUEM COCYAMUCTON CTEHKU B BUAE WM3BpALLEHUS €€ TOHYCa, HapyLIEHUs BbIpabOTKM Ba30KOHCTPUKTOPOB
W Ba3o4unaTaTopoB (OKcKAa as3oTa M 3HAOTeNMHa-1). 3To ycyrybnsetca TpoMOOreHHOCTbIO 3HAOTENNS COCYAOB WU NPUBOAMT
K ANNUTENbHO 3HAOTENNANbHOM AUCHYHKUMM, 4TO CNOCOBCTBYET HapyLIEHUIO FOPMOHANbHOM QYHKLMM AMYHUKOB. [loKasaHo,
YTO CTOWKOE PacCTPOICTBO COCYA0ABUraTebHOM U TPOMOOreHHOM BYHKLMIA 3HAOTENUS NPUBOAUT K CHUMEHUIO PEKPYTUHra
(onnMKynoB B AMYHMUKaX U COKPALLEHWUIO OBApUasbHOTO Pe3epBa Y BbIOPaHHOTO KOHTUHIEHTA HONbHBIX.

KnioueBble cnoBa: BocnanutenbHble 3aboneBaHus OpraHoB Majnoro Tasa,; XpOHVI'-IBCKVIVI CaﬂbI'IVIHI'OOd)OpVIT;
3HAO0Te/nanbHas ,U,VICCI)YHKLI,VIFI; OBapVIaJ'IbeIVI pe3eps; NOTOK-0MocpenoBaHHadA BasoamMnatauuma.
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BACKGROUND

Pelvic inflammatory diseases (PIDs) persist in their
relevance to women of reproductive age and exert an
adverse impact on their quality of life and reproductive
health. These diseases experienced a 1.8-fold increase
in prevalence during the initial decade of the 21 century
alone [1]. Reproductive potential deteriorates with each
exacerbation of PIDs, resulting in a twofold increase in the
frequency of infertility [2, 3]. Chronic salpingoophoritis (CS0)
occupies a unique position within this group of diseases,
with a prevalence of 60-85% among all PID patients [4] and
more than 30% among all women of reproductive age [5].

The chronic inflammatory process in the uterine
appendages is accompanied by inadequate vascularization of
tissues, which results in structural and functional disorders.
These disorders lead to delayed follicular growth, atresia,
and a subsequent decrease in ovarian endocrine function,
impaired folliculogenesis, and occasionallymass death of
the follicular apparatus [6-9].

Among couples with infertility, the frequency of low
ovarian reserve reaches 35% [10]. The efficacy of IVF is six
times lower, and the efficiency of overcoming infertility in
such patients is 2.5 times lower [11]. Furthermore, women
in this demographic exhibit an increased risk of reproductive
losses when the long-awaited first pregnancy occurs [12].
The ovarian reserve of women of reproductive age is known
to be diminished in association with CSO [13]. In female
infertility, the incidence of CSO reaches 45% [14]. The duration
of infertility and hormonal dysfunction is prolonged because
of the intensification of apoptotic mechanisms in the ovary
due to chronic inflammatory processes [15]. Therefore, it is
imperative to identify novel pathogenetic mechanisms that
account for the decline in ovarian reserve and to develop
methods to restore ovarian function.

Endothelial dysfunction (ED) is presently a significant
factor in the development of various chronic inflammatory
diseases [16-20]. The regulation of vascular tone and
leukocyte adhesion is influenced by chronic inflammation,
which impairs the anticoagulant and anti-inflammatory
properties of the vascular wall [17, 18]. The synthesis of
the primary vasodilator, nitric oxide, is suppressed by the
production of cytokines, vasoconstrictors, and oxidative
stress, which in turn affect the onset and progression
of ED [21]. Prolonged exposure to hypoxia, toxins, and
proinflammatory agents in the pathological focus also
causes vascular wall damage, gradually depleting and
modifying endothelium’s compensatory abilities, because
of which vasoconstriction becomes the predominant
response of endothelial cells [22, 23]. Ovarian dysfunction
is exacerbated, and the chronic course of the pathological
process is perpetuated by the deterioration of blood supply
to the uterine appendages in conjunction with CSO [24-26].

The current search for methods to enhance fertility and
preserve ovarianreserve is highly relevant, as the demographic

Tom 11, Ne 3, 2024

DOl https://doiorg/10.17816/a0g627260

ApxuB aKyLlepcTsa v rvHexonorm um. B®. CHervpésa

issue is becoming more prevalent. The study of the role of ED
in reducing ovarian reserve in CSO patients of reproductive
age will enable the development of novel approaches to
pathogenetic therapy to enhance follicle recruitment in the
ovaries and, therefore, the restoration of fertility.

Aim. This study aimed to evaluate endothelial function
and hemodynamic features in ovarian arteries in CSO
patients with reduced ovarian reserve.

MATERIAL AND METHODS

This prospective, open, comparative study included
65 women of reproductive age who presented to the
gynecological clinics in Volgograd. The primary group
consisted of 45 CSO patients who have been unable to
conceive for one year despite regular sexual activity without
contraception. The control group included 20 clinically healthy
women whose purpose was pre-pregnancy preparation.

The inclusion criteria for the study were: females in
the 25-35 year age group (period of optimal reproductive
function) with willingness to conceive; presence of bilateral
fallopian tube patency; and those who were willing to
provide informed consent to participate in the study. Patients
younger than 25 years and older than 35 years with acute
PID and extragenital localization, those who had undergone
surgical interventions on pelvic organs, as well as women
who refused to participate in the study, were excluded.

The levels of follicle-stimulating hormone (FSH) and
estradiol were measured in the follicular phase of the cycle
for all patients. The ovarian reserve was evaluated using
blood anti-miillerian hormone (AMH) levels on days 2-3 of
the menstrual cycle, ovarian volume, and antral follicle count
(AFC) by ultrasound on days 5-7 of the menstrual cycle.

To evaluate blood circulation in the ovarian arteries,
angle-independent indices that characterize peripheral
vascular resistance (pulsation index Pl and resistance index
IR) were assessed.

The endothelial function in patients of both groups was
evaluated by serum levels of nitric oxide, endothelin-1,
Willebrand factor (WF), thrombomeodulin, and the cuff test,
which characterizes post-occlusion vasodilation (POVD)
of the brachial artery (BA) with reactive hyperemia. This
technique was proposed by D.S. Celermajer et al. in 1992 as
a non-invasive method to assess vasomotor function and is
used as amarker of ED [27]. The BA diameter was determined
using ultrasound guidance at rest. A pneumatic cuff was used
to constrain the BA for 5 minutes at a pressure that exceeded
the systolic blood pressure by 50 mm Hg, thereby inducing
reactive hyperemia. The cuff was subsequently deflated,
and the BA diameter was remeasured after 1 minute. The
formula for POVD was as follows: POVD (%) = (post-test BA
diameter — initial BA diameter)/initial BA diameter x 100%.
POVD less than 10% and vasoconstriction were regarded as
indicators of ED. An expert-class ultrasound device, Mindray
DC-70Exp, was employed to conduct the cuff test and to
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evaluate ultrasound parameters (ovarian volume, AFC,
ovarian artery dopplerometry).

The data were analyzed statistically in the Jupyter
Notebook environment using the scipy, numpy, and pandas
packages. The program PASS (NCSS) was used to perform
the preliminary calculation of the sample, which considered
the expected differences between groups, the accepted error
of the first kind a=5%, and the statistical power 1-f=80%.
Data were tested for conformity to normal distribution
using the Shapiro-Wilk criterion. Means (m) and standard
deviations (sd) were computed and presented in mzsd
format for quantitative data with a normal distribution; 95%
confidence intervals (95% Cl) were calculated for means.
Student’s t-test was used to compare the means of the
indicators. If the distribution was not normal, the median
(me), interquartile range (g3), and lower quartile range (g1)
were calculated; the data are presented in the format me [q];
q3]. The means of the analyzed categories were compared
using the Mann-Whitney test. The statistical significance
level was established at p=0.05.

RESULTS

The mean age of the patients was comparable and was
33.00+2.31 years and 32.40+2.36 years in the primary and
control groups, respectively (p=0.34). Statistically significant
differences were observed in the hormonal profile indicators
of the study participants (Table 1). In the primary group, the
estradiol level was 2.7 times lower and the FSH level was 1.6
times higher than in the group of healthy women (p <0.001).
The AMH level in the main group was only 2.36+1.54 ng/mL,
which was three times lower than that in the control group
(p <0.001).

Table 1. Hormonal profile of the women being studied

Yol 17(3) 2024
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Pelvic ultrasound data analysis (Fig. 1) in the primary
group patients revealed that their ovarian volume was
1.5 times smaller than that in the control group (6.26+1.93 cm®
(95% CI [5.7; 6.8]) vs 9.67+1.14 cm® (95% CI [9.1; 10.2));
p <0.001. Notably, ovarian AFC in CSO patients was 5.40+1.52
(95% CI [4.9; 5.91), which was 1.8 times lower than in healthy
women (p <0.001). Doppler-based ovarian artery parameters
in the primary group patients were expressed in the increase
of Pl by 3.3-fold (2.50+0.75 (95% CI [2.3; 2.7]) vs. 0.75£0.22
(95% CI [0.64; 0.85]); p <0.001; and IR increased by 1.8 times
(0.84+0.10 (95% CI [0.81; 0.87]) vs. 0.48+0.10 (95% CI [0.43;
0.53]); p <0.001. The results characterize a highly resistant
blood flow in the ovarian vessels in the background of CSO. In
comparison to healthy women, the indices of ED markersin the
blood serum of patients in the main group were substantially
elevated by 2.5 times (p<0.001; Table 2). The analysis revealed
that the level of thrombogenic substances (WF) in women
with CSO was two times higher than in healthy women, while
the level of atrombogenic thrombomodulin was 1.4 times
lower than in the healthy women group (p 0.001).

The mean BA diameter at rest did not differ between
the primary group and the control group, as indicated
by the ultrasound evaluation of endothelial vasomotor
function (p=0.52). However, after 5 minutes of occlusion, the
endothelium-dependentvasodilation of the BAin CSO patients
was negative in most cases, averaging —0.82+10.60% (95% Cl
[-2.4; 4.0]), with values in the control group of 19.30+4.70%
(95% CI [17.1; 21.5]), p <0.001.

DISCUSSION

The study of the hormonal status of patients with reduced
ovarian reserve and CSO revealed a 2.7-fold reduction in

Studied hormones Main group Control group p
Follicle-stimulating hormone (mIU/ml) 8.62+3.70 5.39+1.40 <0.001
95% CI [7.60; 9.70] 95% Cl [4.70; 6.00]
Anti-Mullerian hormone (ng/ml) 2.36+1.54 7.12+1.87 <0.001

95% CI [1.89; 2.82]

95% Cl [6.20; 8.00]

Estradiol (pmol/l) 52.30 [33.60; 102.80] 197.00 [171.00; 279.00] <0.001
Table 2. Endothelial dysfunction markers
Markers of endothelial function Main group Control group P

Nitric oxide (umol/l) 11.70£0.30 4.87+1.30 <0.001
95% [ [11.60; 11.80] 95% [I1 [4.30; 5.50]

Endothelin-1 (pg/ml) 1.13+0.12 0.40+0.03 <0.001
95% M [1.10; 1.17] 95% LM [0.39; 0.40]

Von Willebrand factor (U/ml) 2.20+0.40 0.92+0.20 <0.001
95% AN [2.10; 2.30] 95% [11 [0.83; 1.00]

Thrombomodulin (pg/ml) 54.60+4.30 86.40+5.70 <0.001

95% [IM [53.30; 55.90]

95% 11 [83.70; 89.10]
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Fig. 1. Ultrasound of ovaries and Dopplerometry of ovarian arteries: IR, resistance index; P, pulsatility index; AFC, number of antral

follicles.

estradiol levels, a 3-fold decrease in AMH levels, and a
1.6-fold decrease in the FSH levels. The data collected
indicate a disturbance of ovarian endocrine function and
folliculogenesis in CSO patients. A decrease in ovarian
volume and AFC in the main group that is more than 1.5 times
greater than that in the control group suggests a reduction
in ovarian reserve in patients with CS0. Recently, AMH and
AFC have been regarded as more promising indicators in the
evaluation of ovarian reserve due to their high sensitivity and
specificity in predicting ovarian response, as well as their
satisfactory inter-cycle reliability [28]. The doppler-based
parameters in the primary group patients were found to be
higher than those of the control group. Since high Pl and IR
values suggest a decline in ovarian perfusion [29], the data
obtained indicate a deterioration of intra-ovarian blood flow
in CSO patients.

In the primary group patients, the level of thrombogenic
substances increased 2-fold, and the level of non-
thrombogenic substances was lower compared to the
control group. The degree of vascular endothelial injury is
also reflected in the increase in serum levels of WF [30].
Thus, the study of ED markers revealed the thrombogenic
state of the endothelium in CSO patients and its dysfunction.

DOI: https://doiorg/1017816/a0g627260

The endothelial function study, which employed the cuff test,
revealed a paradoxical vasomotor response of the vessel,
as evidenced by negative values of BA vasodilation following
occlusion. These findings confirm the presence of ED in CSO
patients.

CONCLUSIONS

The study demonstrated that the hormone-producing
function of the ovaries and folliculogenesis were impaired
in CSO patients. Ultrasound and dopplerometry data have
verified that the ovaries’ volume decreased, and their
blood flow deteriorated in conjunction with the chronic
inflammatory process in the uterine appendages. The
serum markers of vascular dysfunction were revealed to be
elevated, and the test with POVD demonstrated a significant
impairment of endothelial vasomotor function, indicating
the presence of ED in CSO patients. Ovarian function is
adversely affected by persistent changes in hemodynamics
and vascular endothelial function in the pathologic focus,
leading to a decrease in ovarian reserve. This confirms the
importance of influencing all components of the pathologic
process to achieve childbearing objectives.
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