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In the treatment of infertility by the method of fertilization in vitro, such a serious complication as ovarian hyperstimulation syn-
drome (OHSS) can occur. Primary predictors of OHSS development are widely used in practice while selecting controlled ovarian
stimulation patterns. The identification and evaluation of secondary predictors of OHSS development is relevant.

Aim. To identify and evaluate secondary predictors of OHSS in women at high risk of OHSS.

Materials and methods. The study included 240 women at high risk of developing ovarian hyperstimulation syndrome, 63 of these
women subsequently developed ovarian hyperstimulation syndrome, and 177 did not. To identify secondary predictors, a number
of preovulatory follicles and oocytes was evaluated, estradiol levels, vascular endothelial growth factor (VEGF) and interleukin-6
(IL-6) were defined in the blood serum and follicular fluid.

Results. Compared to women without OHSS, there was a statistically significant increase in the number of preovulatory follicles,
oocytes, estradiol, VEGF, IL-6 in the blood serum and follicular fluid in OHSS patients. There was a direct correlation between
the serum and follicular fluid levels of estradiol (r, = 0.85; 95 % CI 0.80-0.89; P < 0.001), VEGF (r, = 0.76; 95 % Cl 0.69-0.81;
P <0.001) and IL-6 (r, = 0.67; 95 % CI 0.58-0.74; P < 0.001). Secondary predictors of OHSS was the number of preovulatory
follicles 230 for two ovary (sensitivity — 46.0 %, specificity — 91.0 %), the number of oocytes 219 (sensitivity — 87.3 %, specificity —
97.7 %), serum estradiol levels 24800 pg/ml (sensitivity — 74.6 %, specificity — 96.6 %) and estradiol in follicular fluid — 2725000
pg/ml (sensitivity — 98.4 %, specificity — 97.7 %), serum VEGF > 30 pg/ml (sensitivity — 76.2 %, specificity — 98.3 %) and VEGF
in follicular fluid 2500 pg/ml (sensitivity — 87.3 %, specificity — 97.2 %), IL-6 in serum 24 pg/ml (sensitivity — 65.1 %, specificity —
98.9 %) and IL-6 in follicular fluid 8.5 pg/ml (sensitivity — 90.5 %, specificity — 98.3 %), respectively.

Conclusions. The predictors of OHSS should be taken into account to reduce the risk of its development. In identifying
secondary predictors of OHSS development, itis necessary to use preventive measures consisting in discontinuation of luteal
phase support, vitrification of all embryos and their transfer in subsequent thawed cycles.

BTOpWHHI NpeAUKTOpU PO3BUTKY CUHAPOMY FinepcTUMYAALIi AEYHUKIB

E. M. AizsatynoBa

[ vac nikyBaHHs 6e3nninas MeTonoM 3annigHEHHS in Vitro MOXe BUHUKHYTY Take BaXKe YCKNaaHEHHS!, Ik CUHAPOM rinepcTuMynsiLyii
seqHukiB (CMA). MepsuHHi npegukTopy po3suTKy CIA LUMPOKO BUKOPWUCTOBYHOTb Y MPaKTHL, 06Mpakoum CXeMU KOHTPONbOBaHO!
oBapianbHoi CTUMYNSLi. AKTyanbHUM € BUSIBNEHHS Ta OLiHIOBaHHSA BTOPUHHWX NpeaunkTopie po3sutky CIA.

MeTta po6oTu — BUSIBUTY Ta OLIHWTY BTOPUHHI NpeamnkTopu po3suTky CIA B XKIHOK i3 BUCOKVM PU3MKOM AOTO PO3BUTKY.

Marepianu Ta meToau. Y SOCRimKeHHi B3snm yqacTb 240 iHOK i3 BUCOKUM puankom po3suTky CI'A, y 63 i3 HUX 3rogom po3suHyBCst
CrA, ay 177 — He po3suHyBcs. LLlogo BrU3HAYEHHS! BTOPUHHWX NPEAVKTOPIB, OLHWMW KiNbKiCTb NepesoBynsaTOpHUX (honikyniB
i oouMTIB, Y CMPOBATLL KPOBI Ta (HONIKYNAPHINA PiauHi BU3HAYUNW piBHI ecTpaaiony, CyAUHHO-eHaoTeNianbHoro daktopa pocTy
(VEGF) 1a inTepnetikiHy-6 (IL-6).

Pesynbratu. Y nauieHTok i3 CI'A nopiBHsAHO 3 xiHkamm 6e3 CIA cnocTepirany CTaTUCTUYHO 3HauyLLe 30iNbLUEHHS KiNbKOCTi ne-
penoBynATOpHUX chonikynis, ooumTiB, BMICTY ecTpagiony, VEGF, IL-6 y cupoBatui kpoBi Ta B dhonikynsipHin pigunHi. BctaHosunn
MpsiMy KOPEnsiLlito Mix NokasH1KaMm1 B CMPOBATLYi KPOBI Ta ChoniKyNApHiA piauHi BMiCTY ecTpagiony (r, = 0,85; 95 % CI 0,80-0,89;
p <0,001), VEGF (r, = 0,76; 95 % CI 0,69-0,81; p <0,001) i IL-6 (r, = 0,67; 95 % CI 0,58-0,74; p < 0,001). BropuHH1MI Npeank-
Topamu po3suTky CI'A € kinbkicTb nepenoBynsaTopHux gonikynis 230 Ha ABa S€YHUKN (YyTnuBICTb — 46,0 %, cneumndiyHicTb —
91,0 %), uncno oouuTis 219 (4yTnmeictb — 87,3 %, cneumdiyHicTs — 97,7 %), piBeHb ecTpagiony B cuposartLi kposi 24800 nr/mn
(4yTnmBicTb — 74,6 %, cneumdivnicTb — 96,6 %) Ta ectpagiony B conikynspHin piguHi — 2725 000 nr/mn (YyTnueicTb — 98,4 %,
cneuundpivnicts — 97,7 %), VEGF y cvposarui kposi 230 nr/mn (4ytnmBictb — 76,2 %, cneuudiynicte — 98,3 %) i VEGF y
conikynspHin pignni 2500 nr/mn (YyTnmeicTb — 87,3 %, cneumndivHicTb — 97,2 %), IL-6 B cupoBaTLyi KpoBi 24 nr/mn (4yTimBiCTb —
65,1 %, cneundivHicte — 98,9 %) i IL-6 y donikynspHin piguHi 28,5 nr/mn (4ytrmsicte — 90,5 %, cneumdivnictb — 98,3 %)
BiANOBIAHO.

BucHoBku. [Ins 3HKeHHs pranky po3suTky CI'HA HeobxigHO BpaxoByBaTh NPeaMKTOPU PO3BUTKY LIbOTO CUHAPOMY. Busens-
t04M BTOPWHHI npeaunkTopy po3suTky CIA, HeobXigHO BXMBATW NPEBEHTVBHI 3aX0AW, LLIO NONSAratoThb Y CkacyBaHHi MoTeiHOBOI
MiZTPUMKK, BITpUdpiKaLii BCix eMOPIOHIB i iX NepeHeceHHi B HACTYMHUX PO3MOPOXKEHNX LKIIaX.

BTOpM‘IHbIe NPEeAUuKTOpPbl pa3BUTUA CUHAPOMA rMNepCcTUMyAAUUU ANYHUKOB
3. M. Ainzsatynoea

[Mpn neveHnn Gecnnoanst METOAOM ONMOLOTBOPEHUS in Vitro MOXET BO3HWKHYTb Takoe TSHKENOE OCHOXHEHWE, Kak CYHAPOM
runepcTumynsaunm suaHnko (CIA). MepauyHble npeaykTopbl pa3sutis CIA LWWPOKO 1CNonb3ytoT B NpaKTUKe Npyu Bbibope cxem
KOHTPONMpYEMOIt 0BapyanbHOM CTUMYNSILMK. AKTyarnbHbIMU OCTAKOTCS ONPeserneHe U OLieHKa BTOPUYHbIX NPEAUKTOPOB PasBrTUs
Cra.
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Lienb paboTbl — YCTaHOBUTb N OLEHUTb BTOPUYHBIE NPEANKTOPLI Pa3BUTUA cra Y XXEHLUWUH C BbICOKMM PUCKOM €ro pasBuTuA.

Marepuansi u meTtoabl. B nccnegosanve Bowwnmu 240 XeHLUMH C BbICOKAM puckoM pa3suTist CIA, y 63 13 aTUX XXeHLmH Bno-
cnencteuv paseuncst CM'A, ay 177 — HeT. [ins ycTaHOBNEHUSt BTOPUYHbIX MPEAVKTOPOB OLIEHWIN KONUYECTBO NPEAOBYNSTOPHbIX
chonnukyrnos 1 0OLUTOB, B CHIBOPOTKE KPOBHW 1 (HONMMKYNSPHOMN XWAKOCTW ONPELEnuUn ypoBHI 3CTPaanona, CoCyamcTo-aHao-
TenuansHoro caktopa pocta (VEGF) u nitepneiikuta-6 (IL-6).

Pesyneratbl. Y naumentok ¢ CI'l no cpaBHEHMO ¢ xeHlwmHamy 6e3 CIA 0TMEYEHO CTAaTUCTUYECKM 3HAYMMOE MOBbILLEHNE
yucna npeoBynATOPHbIX HONIMKYNOB, OOUMTOB, coaepxanus actpagumona, VEGF, IL-6 B cbIBOpOTKe KpoBU W B (hONIUKYSIPHON
xuakocTn. OTMedeHa NpsiMast KoppensaLms Mexay nokaatensMn B CbIBOPOTKE KPOBU 1 hONMMKYNSPHON XUAKOCTY COAepaHns
acTpaauona (r, = 0,85; 95 % CI 0,80-0,89; p < 0,001), VEGF (r, = 0,76; 95 % Cl 0,69-0,81; p < 0,001) n IL-6 (r, = 0,67; 95 % Cl
0,58-0,74; p < 0,001).

BropuuHble npeaukTopsl passutust CIA: konuyecTBo NpeoBynsTOpHbIX Gonnnkynos 230 Ha ABa MYHKKA (4yBCTBUTENBHOCTb —
46,0 %, cneumdmuHocTb — 91,0 %), konmyecTBo ooumToB 219 (YyBCTBUTENBHOCTL — 87,3 %, CneundunyHocTb — 97,7 %), ypoBeHb
3cTpaguona B cbiBopoTke kposy 24800 nr/mn (4yBCTBUTENBHOCTL — 74,6 %, creumdunyiHocTb — 96,6 %) 1 acTpaauona B pomnmmky-
NSAPHOM kmakocTv — =725000 nr/mn (4yBcTBUTENBHOCTL — 98,4 %, cneumnduyHocTs — 97,7 %), VEGF B cbiBopoTKe kpoBw 230 nr/mn
(4yBCTBUTENBHOCTL — 76,2 %, cneumdmyHocTb — 98,3 %) n VEGF B dhonnmukynspHoi xugkocty 2500 nr/mn (4yBCTBUTENbHOCTb —
87,3 %, cneumndmyHocTtb — 97,2 %), IL-6 B CbIBOPOTKE KPOBYM 24 nr/Mn (4yBCTBUTENBHOCTL — 65,1 %, cneundunyHocTs — 98,9 %) n
IL-6 B dhonnukynsipHow xuakocTn 28,5 nr/mn (YyBcTBuTeNbHOCTL — 90,5 %, cneumndmnyHocTb — 98,3 %) COOTBETCTBEHHO.

BbiBoabl. [Ins cHwxeHnst pucka passutist CI'A HeobxogmMMo yuuTbIBaTb NPEAMKTOPEI PasBUTUS AaHHOTO cuHapoma. Mpu
YCTaHOBMEHUN BTOPUYHBIX NPEAVKTOPOB pa3suTus CI'A HeoBXoaymo NCnonb30BaTh NPEBEHTUBHBLIE MEPbI, 3aKIHOYaLOLLMECS B
OTMEHE IITENHOBOW NOAAEPXKY, BUTPUGDMKALIMM BCEX IMOPUOHOB U X NEPEHOCE B NOCNEAYHOLLMX PAa3MOPOXEHHBIX LIMKIAX.

Infertility is the most important medico-social problem not
only in Ukraine, but throughout the world [1-4]. An effective
method of infertility treatment is fertilization in vitro [1,5].
However, its widespread introduction into clinical practice
does not only help to solve the problems of infertility, but
also can be accompanied by severe complications that
threaten the health and even the life of the patient [5,6].
One of these complications is ovarian hyperstimulation
syndrome (OHSS) [5-10].

Despite the large number of studies on the given state,
up to the present date, there is no perfect strategy that
completely eliminates OHSS. At the same time, there are
risk factors that can be taken into account in order to reduce
the frequency of its development [7—10]. Primary predictors
of OHSS development, including the number of antral
follicles, antimullerian hormone levels, polycystic ovary syn-
drome, OHSS in previous cycles, young age and low body
weight in patients are proved by many scientists and already
widely used in practice while selecting controlled ovarian
stimulation [7-10]. However, despite the implementation of
preventive measures, the risk of developing OHSS remains
because of the controlled ovarian stimulation. Therefore,
identification and evaluation of OHSS secondary predic-
tors allow to develop further tactics of patient treatment
that will contribute to the reduction of OHSS cases up to
complete elimination.

Aim
To identify and evaluate secondary predictors of OHSS in
women at high risk of OHSS.

Materials and methods

The study included 240 women at high risk of OHSS de-
velopment taking into account the primary predictors such
as: the number of antral follicles more than 20, the content
of antimullerian hormone 5.5 ng/ml and more, polycystic
ovary syndrome, OHSS during previous in vitro fertilization
attempts. Subsequently, 63 of these women developed
OHSS and 177 did not.

Zaporozhye medical journal. Volume 21. No. 6, November — December 2019

An echographic study was performed using an ultra-
sound diagnostic system SSA-790A (APLIO-XG) (Toshiba,
Japan) with transabdominal and transvaginal convex
transducers.

Definition of estradiol, vascular endothelial growth
factor (VEGF) and interleukin-6 (IL-6) in the blood serum
and follicular fluid were performed on the day of trans-
vaginal follicle puncture. The follicular fluid was obtained
from the dominant follicles, centrifuged for 5 minutes and
separated from the blood cells. Using the electrochemilu-
minescent method and the reagents of Roche Diagnos-
tics (Switzerland) company on an automated analyzer
Cobas-e411 (Roche Diagnostics, Switzerland), estradiol
concentration was determined; by immune-enzyme meth-
od using an immune-enzyme reader ImmunoChem-2100
(Hight Tehnology, USA), VEGF was investigated using
the reagents of the company “BIO Tech Lab S” (USA) and
IL-6 — of “Vector-Best” company (RF).

Statistical processing and the obtained data analysis
were performed using the SPSS Statistics 22 software
package. Since the most of the variables were not normally
distributed, they were represented by the median (Me) and
interquartile ranges — 25 and 75 percentiles (25; 75 %). The
comparison of indicators between groups was performed
using the non-parametric Mann-Whitney U test. To deter-
mine the direction and strength of a relationship between
the variables the Spearman rank coefficient of correlation
(r) and the 95 % confidence interval (95 % Cl) was further
calculated.

Binary logistic regression method was used to deter-
mine the boundary values of independent variables relative
to the probability of OHSS occurrence. The prognostic
test sensitivity (true positive result) and the specificity of
the test (true negative result) were determined. The
ROC-curves were represented. The value, which was
diagnosed with a zero degree of prognosis, was depicted
in the figures as a diagonal dashed line. Consequently,
the more steeply curved ROC-curve (the maximum degree
of prediction 1) was, the more accurate was the test results
prediction.
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Fig. 1. The number of preovulatory follicles and oocytes in women with and without OHSS.
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Results

While studying the characteristics of the corresponding
ovarian response to controlled ovarian stimulation it was
found that OHSS women had a statistically significantly
higher number of preovulatory follicles than women without
OHSS (29 (27; 32) versus 21 (18; 25); U = 1475, 2= 8.7,
P < 0.001). The number of punctured follicles oocytes in
OHSS women was also significantly higher than in those
without OHSS (22 (19; 25) versus 15 (12; 16); U = 293,
Z=11.2,P<0.001) (Fig. 1).

Determining the levels of biochemical parameters, it
was found that estradiol contentin OHSS women was statis-
tically significantly higher than in those without OHSS, both
in the blood serum (6540 (4730; 8121) pg/ml vs 2977 (2354;
3731) pg/ml; U =238, Z = 11.3, P < 0.001), and follicular
fluid 829000 (775700; 860000) pg/ml vs 268500 (92700;
446500) pg/ml; U =123, Z = 11.5, P < 0.001). Determina-
tion of VEGF content also showed statistically significantly
higher indicators in OHSS than without OHSS in the blood
serum (58.0 (30.0; 142.8) pg/ml vs (17.5 (13.4; 21.4) pg/
ml; U=292, Z=11.2, P <0.001), and follicular fluid (602
(526; 674) pg/mlvs 272 (216; 364) pg/ml; U =373,Z2=11.0,
P < 0.001). A similar pattern was observed in the evalua-
tion of IL-6 content, thus, the indications in OHSS women
significantly exceeds those in women without OHSS in
the blood serum (4.5 (3.7; 5.0) pg/ml vs 2.9 (2.4; 3.2) pg/ml;
U =1014, Z = 9.6, P < 0.001) and follicular fluid (11.8
(9.4; 18.2) pg/ml vs 6.1 (5.0; 6.8) pg/ml; U =76, Z = 11.6,
P <0.001) (Fig. 2).

When calculating it was noted that estradiol content
in the blood serum was strongly correlated with estradiol
content in the follicular fluid (r_ = 0.85; 95 % CI 0.80-0.89;
P <0.001), the moderate correlation with VEGF (r, = 0.76;
95 % C10.69-0.81; P <0.001) and IL-6 (r, = 0.67; 95 % Cl
0.58-0.74; P < 0.001) was also noted (Fig. 3).

Correlation dependence between the follicular fluid
and blood serum variables indicates a tendency to in-
crease or decrease simultaneously, which, according to
our opinion, in the case of unavailability of all laboratory
values determination, makes it possible to determine only

the indicators available in a particular laboratory, serum
or follicular fluid.

By the method of binary logistic regression it was de-
termined that the boundary value in OHSS was the preovu-
latory follicles number 230 for two ovarian, the sensitivity of
the given predictor was 46.0 % and the specificity reached
91.0 %. The number of oocytes obtained after transvaginal
puncture is one of the important predictors for OHSS occur-
rence. |t was established that OHSS development could be
assumed with the number of oocytes 219 with a sensitivity
of 87.3 % and a specificity of 97.7 %.

In the course of a further study it was found that
the boundary value for OHSS development was estradiol
content in the blood serum 24800 pg/ml and in follicular
fluid 2725 000 pg/ml. The sensitivity for these predictors
was 74.6 % and 98.4 %, the specificity was 96.6 % and
97.7 %, respectively.

The next indicator analyzed was VEGF, the boundary
value of which for OHSS development corresponded to
230 pg/ml in the blood serum and =500 pg/ml in the folli-
cular fluid. The sensitivity for these predictors was 76.2 %
and 87.3 %, the specificity was 98.3 % and 97.2 %,
respectively.

By the further analysis determined that the patients
with IL-6 level in the blood serum 24 pg/ml and 28.5 pg/ml
in the follicular fluid were classified as OHSS category. The
sensitivity was 65.1 % and 90.5 %, the specificity — 98.9 %
and 98.3 %, respectively.

Developing ROC-curves pointed to the high diagnos-
tic efficiency of the considered predictors (Fig. 4). Thus,
the area under the ROC-curve for preovulatory follicles
was 0.87 (95 % CI 0.82-0.91), oocytes — 0.97 (95 % Cl
0.95-0.99), estradiol content in the blood serum — 0.98
(95 % CI 0.96-0.99), estradiol in the follicular fluid — 0.99
(95 % CI 0.97-1.00), VEGF in the blood serum — 0.97
(95 % CI 0.95-1.00 ), VEGF in the follicular fluid — 0.97
(95 % C10.94-0.99), IL-6 in the blood serum —0.91 (95 %
Cl 0.85-0.97), IL-6 in the follicular fluid — 0.99 (95 % ClI
0.98-1.00), that is, all figures were approaching 1, 95 %
Cl, indicating the diagnostic value of the data indicators.
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Fig. 2. The content of estradiol, VEGF and IL-6 in the blood serum and follicular fluid in women with and without OHSS.

Discussion 230 pg/ml and 2500 pg/ml, IL-6 — 24 pg/ml and 28,5 pg/ml,
Thus, on the basis of the conducted study, secondary ~ "eSPectively. - .
predictors of OHSS development include: the number of In identifying secondary predictors of OHSS develop-

preovulatory follicles 230 per two ovaries, the number of ~ ment, the main management tactics for such patients is
oocytes 219, the level of estradiol in the blood serum 24800 discontinuation of luteal phase support, vitrification of all
pg/ml and in the follicular fluid — 2725000 pg/ml, VEGF - embryos and their transfer in subsequent thawed cycles.
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Fig. 3. Correlations between the content of biochemical parameters in the serum and follicular fluid.

Fig. 4. ROC-curves of secondary predictors of OHSS development.
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Conclusions

1. The patients with OHSS demonstrate a statistically
significant increase in the number of preovulatory follicles,
oocytes, estradiol, VEGF, IL-6 in the blood serum and
follicular fluid compared with the women without OHSS.

2. There is a direct correlation between the serum and
follicular fluid levels of estradiol (r, = 0.85; 95 % CI 0.80-0.89;
P <0.001), VEGF (r,=0.76; 95 % Cl 0.69-0.81; P < 0.001)
and IL-6 (r, = 0.67; 95 % Cl 0.58-0.74; P < 0.001).

3. Secondary predictors of OHSS development are
the number of preovulatory follicles 230 per two ovaries,
the number of oocytes 219, the level of estradiol in the se-
rum 24800 pg/ml and in the follicular fluid — 2725000 pg/ml,
VEGF - 230 pg/ml and 2500 pg/ml, IL-6 — 24 pg/ml and
28,5 pg/ml, respectively.

4. In identifying secondary predictors of OHSS devel-
opment, the main management tactics for such patients is
discontinuation of luteal phase support, vitrification of all
embryos and their transfer in subsequent thawed cycles.
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