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Menstruasiya siklinin (MS) 12 va 22-ci giinlorinda dominant follikulun (DF) ovulyasiyaya ugramadan
follikulun luteinlogmasi (OUFL) olan 53 gadinda va miigayisa qrupunda (28 gadin) ultrasas monitoringinin
retrospektiv tohlili aparimisdir. Hor iki qrupdaki qadinlarin yast 19-36 arasinda olub. MQ-da ovulyasiya
bas verib va sart cisim (SC) yaranib, OUFL sindromu olan gadinlarda isa ovulyasiya iimumiyyatlo bas
vermayib. OUFL sindromunda dominant follikulun diametri 23,4+1,1 mm, MQ-da isa 21,7+0,8 mm (p<0,05)
olmusdur. MS-in 22-ci giiniindo OUFL sindromunda DF-nin diametri 27,9+1,8 mm-a Qador artmusdir
(p<0,05), MQ-da isa SC-in diametri 16,8+0,9 mm olub, siklin 12-ci giiniino (20,3+0,7 mm) nisbaton
ahamiyyatli (p<0,05) daracada az olub. Dominant follikulun divarindaki yumurta das:yan gabar:gin MQ-da
vizuallagdiriimast 89,3+5,8%, OUFL sindromunda — 32,1+6,4% (P<0,001), diametri isa miivafiqg suratda
4,5+0,8 mm va 2,1+0,7 mm (P<0,05) taskil etmigdir. OUFL syndromunda DF divarimnin vaskulyarizasiyasi
miigayisa qrupundakina nishatan ahamiyyatli daracada (p<0,001; p<0,05) daha az geyda alinib.

Belalikla, miialliflorin fikrinca, dominant follikulun diametrinin boyiik olmasi, yumurta dasiyan gabarigin
olmamast, follikul divarmmin asagr siiratli  vaskulyarizasiyasi OUFL  sindromunun moéveudlugunu
prognozilasdirmaga imkan verir.

Acar sézlar: hormonal sonsuzlug, ultrasonografiya, ovulyasiyaya wugramamus follikulun luteinlogma
sindromu

Knrwouesvie cnosa: copmonanvhoe becniooue, yibmpaconoepaghus, CUHOPOM TIOMEUHU3AYUU
Heo8YIUPO8asIYe20 POLTUKYIA
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A retrospective analysis of ultrasound monitoring of the dominant follicle (DF) on days 12 and 22 of
the menstrual cycle (MC) was performed in 53 women with luteinization of the unruptured follicle (LUF)
and 28 women in the comparison group (CG). The ages of women in both groups ranged from 19 to 36
years. In the CG, ovulation occurred and the corpus luteum (CL) was formed, whereas in the LUF syndrome,
ovulation did not occur at all. The DF diameter in the LUF syndrome was 23.4+1.1 mm, and in the CG —
21.7+0.8 mm (p<0.05). On the 22nd day of the cycle, the diameter of the DF in LUF syndrome increased to
27.9+1.8 mm (p<0.05), while in the CG the diameter of the CL was 16.8+0.9 mm, which was significantly
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(p<0.05) less than on the 12th day of the cycle (20.3+0.7 mm). Visualization of the ovarian fossa in the DF
wall in the CG was 89.3+5.8%, with LUF syndrome — 32.1+£6.4% (p<0.001), and the diameter was 4.5+0.8
mm and 2.1+0.7 mm (P<0.05). In LUF syndrome — vascularization of the DF wall and systolic velocity were
significantly (p<0.001; p<0.05) lower than in the CG.

The authors believe that a large diameter of the dominant follicle, the absence of the oviparous
tubercle, and low vascularization of the follicle wall predict the presence of LUF syndrome.

As is known, infertility is defined as the
inability to become pregnant after one year of
unprotected intercourse in women under 40
years of age. Ovulatory cycle disorders account
for 21% of infertility causes. About 15.5% of
women suffer from infertility. Infertility testing
includes an assessment of ovarian reserve, the
condition of the endometrium and fallopian
tubes, thyroid function, prolactin levels in the
blood, and confirmation of polycystic ovary
syndrome [1-3].

Successful ovulation is essential for natural
conception and fertility. Defects in the
ovulatory process are associated with various
infertility or subfertility conditions in women.
However, understanding of the intraovarian
biochemical ~mechanisms underlying this
process in women lags behind animal models.
In recent years, steady progress has been made
in improving the knowledge of the ovulatory
process in women by: collecting granulosa cells
during the IVF interval, establishing a new
approach to collecting follicular cells and
tissues during the periovulatory period in
normally cycling women, and developing
unique in vitro models to study the luteinizing
hormone (LH) surge or ovulatory changes in
gene expression induced by human chorionic
hormone (hCG) administration, the regulatory
mechanisms underlying ovulatory changes, and
the specific functions of ovulatory factors [4, 5].

Assisted reproductive technologies have
been rapidly developing in recent years [6]. In
vitro ovulation usually uses a hormone
replacement therapy cycle or a physiological
ovulation cycle for endometrial preparation [7].
Some researchers believe that frozen embryo
transfer  significantly  improves  clinical
outcomes [8]. The difference between hormone
replacement therapy cycle (HRT) and natural
ovulation cycle (NC) is the absence of a corpus
luteum, which produces crucial hormones for
implantation, placentation, and pregnancy
maintenance [9]. A number of authors note that
the absence of the corpus luteum has a negative
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impact on vascular health, leading to
insufficient adaptation of the cardiovascular
system in early pregnancy and increasing the
risk of preeclampsia [10].

It is known that the normal menstrual cycle
consists of the follicular and luteal phases. By
the end of the follicular phase, estradiol is
produced by the granulosa cell of the dominant
follicle, which in turn stimulates the release of
luteinizing hormone, which is produced in the
anterior pituitary gland. After owvulation, the
follicle turns into the corpus luteum, which
produces progesterone from granulosa lutein. In
the luteal phase, an increase in progesterone
levels stimulates the endometrium, thereby
preparing it for blastocyst implantation [11].

According to some authors, luteinization of
an unovulated follicle (LUF) is characterized by
the presence of regular menstrual bleeding
against the background of cyclic changes in
hormone levels similar to changes in a normal
ovulatory cycle, but without ovulation of the
follicle. If the dominant follicle has reached
preovulatory dimensions, but ovulation has not
occurred, then in the second phase of the
menstrual cycle it undergoes luteinization due
to hypertrophy of granulosa and theca cells
located along the outer surface of the basement
membrane [12]. Luteinised unruptured follicle
syndrome (LUFS) is a cause of infertility
consisting in the unruptured of the dominant
follicle after the luteinised hormon (LH)-surge
[13].

Diagnosis of female infertility includes:
determination of the levels of the relevant
hormones of the ovaries, pituitary gland, thyroid
gland with an assessment of the ovarian reserve;
the hysterosalpingography; dynamic ultrasound
visualization of the endometrium and ovaries in
the follicular and luteal phases of the menstrual
cycle [14-16].

Previous studies have shown changes in the
Doppler spectrum of blood flow in the uterine
and ovarian arteries with hormonal imbalance
[17, 18]. It is of interest to study changes in the



endometrium and ovaries in different phases of
the menstrual cycle in women with impaired
luteinization of the preovulatory follicle using
ultrasonography.

The purpose of the study is to study the
features of structural and functional changes in
the ovaries in luteinization syndrome of
anovulatory follicle using duplex scanning.

Material and methods. A retrospective analysis
of the results of transvaginal ultrasonography of the
uterus and ovaries of 53 women aged 21-37 years,
who had a dominant follicle, but did not ovulate
during dynamic observation, was performed. The
level of follicle-stimulating and luteinizing
hormones (FSH and LH), the LH/FSH index,
estradiol (E) and 17-OH-progesterone were
determined in all women.

The comparative group (CG) consisted of 28
fertile women with a regular menstrual cycle,
registration of the fact of owvulation with the
formation of the corpus luteum. In order to
determine the day of owvulation, ultrasound
monitoring of the development of the dominant
follicle (DF) from days 11 to 15 of the cycle was
carried out in the study groups. The diameter of the
DF, the presence of the oviparous tubercle in its
wall, systolic velocity (Vs), resistance index (RI)
and pulsatility index (PI) of blood flow in the DF
wall were determined.

Duplex scanning was carried out using a Philips
HD-11 ultrasound machine with a transvaginal

sensor in a frequency mode of 4-9 MHz. Statistical
analysis was carried out using the nonparametric
Mann-Whitney method. If the p value <0.05, the
difference between the compared groups was
considered statistically significant.

Results and discussion. As shown in Table
1, the level of follicle-stimulating and luteini-
zing hormones (FSH and LH), estradiol (E),
progesterone (P) in all phases of the menstrual
cycle varies over a wide range, which signi-
ficantly complicates their interpretation [13].
We studied the frequency of ovulatory days
among women in the comparative group
using transvaginal ultrasound monitoring
from the 10th to the 15th day of the menstrual
cycle (Table 2). On the 11th day of the
menstrual cycle, ovulation occurred in 1
(6.1£3.4%) women, on the 12th day — in 4
(14.3+6.6%), on the 13th day — in 13
(46.4£9.3%), on the 14th day of the cycle — in
9 (32.148.8%) and on the 15th day — in 1
(6.1+3.4%) women, respectively. It is evident
that in fertile women, ovulation occurred
significantly more often on day 13 of the
cycle than on days 11th (p<0.001), 12th
(p<0.01), 14th (p<0.05), and 15th (p<0.001).
On day 14 of the menstrual cycle, ovulation
occurred statistically significantly more often
than on days 11th and 15th (p<0.01).

Table 1. Hormons reference range in women of reproductive age

Hormons

Menstrual cycle phase and hormons reference range

Estradiol Follicular phase

Midcycle peak Luteal phase

Luteinizing hormone 20-350 pg/mL

150-750 pg/mL 30-450 pg/mL

Folliculstimulating 1.4t0 9.9 mlU/ml

6.2to 17.2 mlU/mL -

hormon
Progesterone 0.1t0 0.7 ng/mL - 2 to 25 ng/mL
Table 2. Ovulatory days in fertile women (comparative group)
Days of the menstrual cycle
11 12 13 14 15
1 2 3 4 5
13 9
(46,4+9,4%) (32,1+8,8%)
1 4 P 3-4<0,05 P 4-1<0,01 1
(3,6+3,5%) (14,3+6,6%) P 3-2<0,01 P 3-5<0,01 (3,6+3,5%)
P 3-1<0,001
P 3-5<0,001
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Table 3. Dynamics of USG parameters of the dominant follicle in women with

luteinized unruptured follicle (LUF) syndrome and the comparative group (CG)

Patient groups and menstrual cycle days
USG parameters 12 22
of the dominant follicle (DF) LUF (n=53) CG (n=28) LUF (n=53) CG (n=28)
Diameter of the DF, or 23,4+1,1 21,7+0,8 27,9+1,8 i
corpus luteum, mm P<0,05 P*<0,05
S 27
Visualization frequency of the 4
- - (96,4+3,5%)
corpus luteum,% (14,3+6,6%) P<0,001
Diameter of the corpus i 20,3£1,2 i 16,8+0,9
luteum, Mmm P*<0,05
T 25
Visualization frequency of the 17 (89,35.8) ) i
H o b b
oviparous tubercle,% (32,1+6,4) P<0,001
Diameter of the oviparous 2,1+0,7 4,5+0,8 ) i
tubercle, Mmm P<0,05
Mild vascularization of the 8 (46 129 4) 7 (57 129 4)
DF wall, % (15,1+4,9) P<b,01’ (13,2+4,6) o
Moderate vascularization of 3 15 12
the DF wall, or corpus luteum, (5.743.2) (53,649.,4) - (42,949,4)
% T P<0,001
18,2+3.4 32,5£3,9 15,9£3,2 29,7+4,1
Vs on the DF wall, cm/s P<0,01 P<0,01
RI on the 0,51+0,03 0,42+0,03 0,57+0,03 0,46+0,03
DF wall P<0,05 P<0,05

Note: P — the difference between LUF and CG; P* — the difference between 12-th and 22-th days inside of

LUF and CG groups.

To determine the characteristics of menstrual
cyclic transformations in the dominant follicle,
we compared the ultrasound parameters of
fertile women (CG) and women with luteinized
unruptured follicles (LUF) on the 12th day of
the cycle - before the most probable ovulatory
days (13th and 14th days of the cycle) and in
the middle of the secretory phase on the 22nd
day of the cycle. We determined the size of the
dominant follicle, the frequency of visualization
and the size of the corpus luteum, the frequency
of visualization and the size of the oviparous
tubercle, the intensity of vascularization of the
dominant follicle, the maximum systolic
velocity (Vs) and the index of peripheral
resistance (RI) of blood flow on the follicle wall
(Table 3).

As can be seen from the table, the diameter
of the dominant follicle on the 12th day of the
menstrual cycle among patients with LUF
averaged 23.4+1.1 mm, while in the
comparative group it was 21.7+0.8 mm
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(P<0.05). On the 22nd day of the cycle, the
diameter of the persistent follicle increased to
27.9+1.8 mm (P*<0.05).

Since ovulation did not occur in the group
of patients with LUF, the corpus luteum was
also absent. On the 12th day of the cycle,
corpus luteum was recorded in 4 cases
(14.3+6.6%), and on the 22nd day of the cycle
— in 27 cases (96.4£3.5%) (P<0.001). The
average diameter of the corpus luteum on the
12th day of the cycle was 20.3+1.2 mm, and
on the 22nd day it decreased to 16.8+0.9 mm
(P*<0.05), respectively.

On the 12th day of the cycle, the oviparous
tubercle on the wall of the dominant follicle in
the SG was recorded in 25 (89.3+5.8%) cases,
and among patients with LUF - in 17
(32.1£6.4%) cases (P<0.001). The average
diameter of the oviparous tubercle in the SG
was 4.5+0.8 mm, and in patients with LUF —
2.1£0.7 mm (P<0.05), respectively (Fig. 1).



luteinized unruptured follicle (LUF). B — the same follicle on day 22 of the cycle. The sizes are increased, the structure
is heterogeneous, the walls are thickened. C — anechoic preovulatory follicle with a oviparous tubercle (arrow) in a
woman of the comparison group (CG). D — day 22 of the cycle, the corpus luteum is formed (arrow).

Mild vascularization of the dominant
follicle wall on the 12th day of the cycle in
the LNF group of patients was recorded in 8
cases (15.1£4.9%), in the SG patients — in 13
cases (46.4+£9.4%) (P<0.01). On the 22nd day
of the cycle, weak vascularization of the
dominant follicle wall was recorded in 7 cases
(13.244.6%) in the LNF group of patients, in
16 cases (57.1£9.4%) in the SG patients

(P<0.01). Moderate vascularization of the
dominant follicle wall on the 12th day of the
cycle was recorded in 3 cases (5.7£3.2%) in
the LNF group of patients, in 15 cases
(53.6£9.4%) in the SG patients (P<0.001). On
the 22nd day of the cycle, moderate
vascularization was observed only on the wall
of the corpus luteum in the group of patients
with SG —in 12 (42.9+9.4%) cases (Fig. 2).

Fig. 2. Day 12 of the menstrual cycle. A - increased blood flow along the periphery of the preovulatory follicle in a
woman of CG. Mild blood flow along the periphery of the preovulatory follicle in a woman with LUF. Day 22 of the
cycle. C - Increased blood flow along the periphery of the corpus luteum in a woman of CG. D - Mild blood flow along
the periphery of the enlarged persistent follicle in a woman with LUF.
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Fig. 3. Day 12 of the menstrual cycle. A - increased blood flow on the wall of the follicle in a woman with SG. Vs - 34
cm /s, Rl - 0.38. B - weak blood flow on the wall of the persistent follicle in a woman with LUF. Day 22 of the
menstrual cycle. C - persistent increased blood flow on the wall of the corpus luteum in a woman with SG. Vs - 17.95
cm /s, Rl - 0.49. D - Mild blood flow with high peripheral resistance (RI - 0.58) along the periphery of the enlarged

persistent follicle in a woman with LUF.

Systolic blood flow velocity on the wall
of the dominant follicle on the 12th day of the
cycle in the group of patients with LNF was
18.2£3.4 cm/s, in the SG of patients —
32.5+3.9 cm/s (P<0.05), on the 22nd day of
the cycle — 15.943.2 cm/s, in the SG of
patients on the wall of the corpus luteum —
29.7+4.1 cm/s (P<0.05), respectively. The
resistance index (RI) of blood flow on the
wall of the dominant follicle on the 12th day
of the cycle in the group of patients with LNF
was 0.51+0.03, in the SG patients — 0.42+0.03
(P<0.05), on the 22nd day of the cycle —
0.57+0.03, on the wall of the corpus luteum in
the SG patients — 0.46+0.03 (P<0.05),
respectively (Fig. 3).

Discussion. The process of ovulation is the
release of a mature oocyte from a dominant
follicle. It is precisely regulated by various
sex hormones and factors, including the
release of luteinizing hormone [19].
Ovulation requires a normal LH surge
released by the pituitary gland and a well-
developed periovulatory follicle. Previous
publications have shown that in the syndrome
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of luteinization of the unovulated follicle, in
most cases the level of luteinizing hormone is
low [20]. Larger diameter of preovulatory
follicle, higher growth rate are the main
characteristics of luteinization of non-
ovulating follicle. Lower  systemic
concentration of luteinizing follicle in early
stages of follicle development is the key
factor in luteinization syndrome of non-
ovulating follicle [21].

In recent years, ultrasound examination has
taken an important place in the study of
women for hormonal infertility. The method
allows monitoring the development of a
maturing follicle, the ovulation process, and
the preparation of the endometrium for
implantation of a fertilized egg. The use of
various Doppler modes allows obtaining
information about the blood supply to the
preovulatory follicle, quantitative parameters
of blood flow - systolic velocity, peripheral
resistance indices make it possible to predict
ovulation, determine the duration of the
corpus luteum [9, 14].

Unlike previous studies, we determined the



presence and size of the oviparous tubercle,
quantitative parameters of blood flow on the
follicle wall on the eve of the most probable
day of ovulation as prognostic signs of of
luteinized unruptured follicles syndrome. We
found that small sizes of the oviparous
tubercle (about 2 mm), low systolic velocity

impossibility of ovulation of the dominant
follicle.

Conclusions: a large diameter of the
dominant follicle, the absence of the
oviparous tubercle, and low vascularization of
the follicle wall predict the presence of LUF
syndrome.

and increased resistance index can predict the
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COHOI'PA®OUYECKUE OCOBEHHOCTU CUHAPOMA JIIOTEMHU3ALIUU
AHOBYJIATOPHOI'O ®OJIVIUKYJIA

P.51.A6nyn1aes’, ®.M.Acaamsane’, K.H. H6parumona’, B.K. Kapnenko’,
(I).I/I.KmeROBa3, MeabHUKOBA JI.B.l, A.F.KnpnquR04, T.B.JIemeBa3, M.A.I[OBl"a.ﬂs, B.C. YaGanens".
YXapuvrosckuii nayuonanshbiii meduyunckuii ynusepcumem, Xapwkos, Ykpauna;

2 Asepbatioscancruii meduyunckuti ynusepcumem, Baxy, Azepbatioocan;

3 [Tnenposckuii uncmumym meduyunst u 06uecmeenno2o 300poews, Juenp, Ykpauna;
*Vpaunckuii 20cyO0apemeenpiii HayYHO-UCCTIC008aMETbCKULL UHCIUMYM MEOUKO-COYUATLHBIX NPOOIeM
unsanuonocmu M3 Yrpaunwi, [{nenp, Yxpauna; 5 Amel Dental clinic, Dnepr, Ukraine

Pe3zrome. 1lpoBeneH pETPOCTIIEKTHBHBIN aHANIHM3 YIBTPa3BYKOBOTO MOHUTOPHHTA JIOMHHAaHTHOTO
dbommmkyna (D) na 12-if u 22-it gan mMeHcTpyansHoro mukia (ML) y 53 xeHmuWH c JTIOTeWHU3anuel
HeoBynupoBasiiero goyukyna (JIH®) u 28 xenmun rpynmst cpaBaenus (I'C). Bo3pact sxeHiuH B 06enx
rpynmax coctasisul oT 19 no 36 nmer. B CI' mpoucxoauna oBynsnus u o0pazoBanock xkentoe teino (KT),
torga kak npu cuaapome JIH® oymsmwst He mpoucxonmna BooOmie. Junamerp P mpu cuaapome JIHO
coctaBmr 23,4+1,1 mm, a B CI' — 21,7+0,8 mm (p<0,05). Ha 22-i#f genp nukna quametp P mpu cuaapome
JIH® yBenuwuwmncs ao 27,9+1,8 mm (p<0,05), Torna xak B CI' quamerp XXT cocraBnsn 16,8+0,9 MM, uto
obu10 ToctoBepHO (P<0,05) MensbIie, ueM Ha 12-it genp nukia (20,3+0,7 mm). Busyanuzanus sSiiieHOCHOTO
my3sipsi B crenke JJ® B CI' coctaBmiia 89,3+5,8%, npu cunapome JIHO — 32,14+6,4% (p<0,001), a nuametp
cocraBmsint 4,5+0,8 mm u 2,1+0,7 mm (P<0,05). Ilpu cunapome JIH® Backymspuzanusi cteHku D u
CUCTONHYECKasi CKOpocTh ObutH 3HaunTenbHO (P<0,001; p<0,05) Huxe, yem B CI'.

Takum o0pa3zom, OONBIION AWAMETP JOMHUHAHTHOTO (DOJITHKYNA, OTCYTCTBHE SHIIEHOCHOTO Oyropka, M
HHU3Kas BaCKYJSpU3alusl CTeHKH (DOJUTHKYJIIA MTO3BOJISIOT IPOTHO3MPOBaTh Hanmnyre cuaapoma JIHD.
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