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The article presents the results of a clinical and instrumental examination of 80 healthy women (average age
32,31+ 3,57 years) in order to assess the heart rhythm disturbances after induction of superovulation during in vitro
fertilization. ALl women were examined twice - before and after induction of superovulation during extracorporeal
fertilization. Clinical and instrumental examination included: electrocardiography at rest; echocardiography; 24-hour
ECG monitoring with heart rate variability analysis; 24-hour blood pressure monitoring. Induction of superovulation
is associated with a significant increase in mean daily HR max (p < 0,01), and consequently with an increase in myo-
cardial oxygen demand. It has been established that induction of superovulation contributes to the development of
supraventricular arrhythmias (p < 0,01) and an increase in episodes of apnea/hypnea (p <0,01). Regression analysis
revealed predictors of supraventricular arrhythmias after induction of superovulation, including adverse circadian
heart rate profile, adverse circadian blood pressure profile, impaired autonomic regulation of heart activity (p < 0,01).
It was shown that the appearance of rhythm disturbances is associated with both the initial functional state of the
cardiovascular system and its response to the induction of superovulation. It was established a correlation between
the estradiol concentration and the increase of daily average heart rate after induction of superovulation (r= 0,30,
p < 0,05), apnea/hypnea index after induction of superovulation (r= 0,34, p < 0,05). Conclusion. Superovulation induc-
tion may exacerbate existing chronic cardiovascular diseases. Due to the adverse effect of superovulation induction
on the daily heart rate profile, women need to evaluate the functional state of the cardiovascular system during
in vitro fertilization planning. This will prepare the woman for the upcoming procedure and avoid adverse reactions
from the cardiovascular system in response to stimulation of superovulation in vitro fertilization.

Keywords: women’s health; extracorporeal fertilization; rhythm disturbances; risk of rhythm disturbances in women;
induction of superovulation.
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B cTatbe npeacTaBnieHbl pe3ynbTaThl KJMHWUKO-MHCTPYMEHTaNbHOro obcnenosanns 80 npakTMYeCKM 340pOBbIX XKEHLLMH
(cpenHunit Bo3pacT 32,31 # 3,57 rofa) C LEeNnblo OLEHKM HapyLeHU pUTMa cepaua nocsie MHAYKLMKM CynepoByNsLMMU Mpu
3KCTPaKoOpnopanbHOM OMNNOA0TBOPeHUN. Bce xeHwuHbl 06cnenoBanmcb ABaXAbl — A0 M MOCAE MHAYKLUMM CynepoByns-
UMM NpU 3KCTPAKOPNoOpasbHOM OMNM0A0TBOPEHUU. KAMHUKO-MHCTPYMeHTanbHoe o6CneAoBaHWe BKJOYANO: 3N1EKTpPOKap-
nvorpaduio B MoKoe; 3xokapauorpaduio; cytoyHoe MoHuTopupoBaHue IKI ¢ aHanu3om BapuabenbHOCTM CepAeqHOro
puTMa; CYTOYHOE MOHMTOPUPOBAHME apTePMaAnbHOro AasieHus. [oNyyeHbl 4aHHbIE O TOM, YTO MHAYKLMS CynepoBynsLun
accouMMpyeTCs CO 3HAYMMbIM MOBbIWEHWEM CPeAHEefHEBHOM 4acToTbl cepAeyHbix cokpauweHuin (YCC) max (p < 0,01),
a CnefoBaTeNbHO M C YBEIMYEHMEM NOTPEOHOCTM MMOKapAa B KMCAOpoAe. YCTaHOBMEHO, YTO MHAYKLMA CYynepoBynsaLUm
cnocobCcTBYeT pa3BUTUIO CYNPaBEHTPUKYASPHbIX HapyweHuin putMma (p < 0,01) u yyaleHuo 3nM3040B anHO3/TUMHO3
(p < 0,01). PerpeccvoHHbIM aHanNU3 BbISBUA MPEeLUKTOPbl Pa3BUTUS CYNPaBEHTPUKYNASPHbLIX HapyweHWn putMma nocne
MHOYKLUKW CYyNnepoBYNsiLMMK, B YMCSie KOTOPbIX HebnaronpusatHbld cyTouHblid npodunb YCC, He6naronpuaTHbIM CYTOYHbIN
npodunb apTepuanbHOro AaBNeHUs, HapyLLeHWe BereTaTUBHOW perynaumm cepaedHont neatensHoctu (p < 0,01). Nosenexune
HapYLEHWA pUTMa acCOLMMPOBAHO KaK C MCXOAHBIM (QYHKLMOHAAbHLIM COCTOSHMEM CEPAEYHO-COCYAUCTON CUCTEMDI, TaK
M C ee OTBETHOM peakuUMen Ha MHAYKLMIO CynepoByNSUMU. YCTaHOBNEHA KOPPensaums MexXay KOHLeHTpauuein acTpaavona
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u nosblweHneM cpeaHenHesHon YCC nocne nuaykummn cyneposynaumm (r= 0,30, p < 0,05), MHAEKCOM anHO3/TMNHO3 nocne
nHaykuun cyneposynaumn (r= 0,34, p < 0,05). 3akntoueHune. MHAyKLMS CynepoBynaLMM MOXET cnocobcTBoBaTh obocTpe-
HUI0O UMEILLMXCS XPOHUYECKUX CepAeYvHO-COCYANCTbIX 3aboneBaHuini. B cB93M ¢ HEGNAaronpusTHbIM BAUSHUEM UHAYKLMK
CynepoBynsuum Ha cyToyHblid npodunb YCC XeHWwmnHaM B Nepuoa NiaHMpoBaHMWs 3KCTPaKkopnopaabHOro onioA0TBOPeHUs
LenecoobpasHo NMpOBOAUTL OLLEHKY DYHKLMOHANBHOrO COCTOSHWUS KapAMOBACKYASPHOM CUCTEMbI. DTO MO3BOAUT MOAFOTO-
BMTb XEHLUMHY K NpeacToswwei npouenype u usbexarb He6GNAronpusTHbIX peakuuit CO CTOPOHbl CEPLEYHO-COCYAUCTON
CUCTEMbl B OTBET HA NPOBEAEHWE CTUMYAALMM CYNnepoBYNSLMM NPU SKCTPAKOPNOPASbHOM OMNNOLOTBOPEHUM.

KntoueBble c10Ba: 30pOBbLE XKEHLUMH; SKCTPAKOPMOPanbHOE OMNOLOTBOPEHUE; HAPYLIEHUS PUTMA; PUCK HAPYLIEHUI pUTMa

Y XEHWMHH; UHAYKUMNA CynepoBynaumnn.

About 186 million people around the world are
infertile, and the occurrence of infertile couples is
15%—17% and tends to increase [5, 6]. At present,
there are about 5 million childless families in Russia,
and every fifth woman of reproductive age is not able
to conceive a child spontaneously [4]. The incidence
of female infertility in our country is 164 cases per
100,000 women [2]. In the period from 2001 to 2014,
the number of infertile women increased 1.7 times.
Over recent years, female infertility ranked first in
the structure of reproductive losses [1].

Studies show that the inability to conceive is as-
sociated with cardiovascular risk, as many nonfertile
women have cardiometabolic disorders that potentially
increase the risk of cardiovascular disease [3, 12].
Moreover, some types of infertility are associated
with an increased risk of cardiovascular diseases [7, 8,
10, 11].

The method of in vitro fertilization (IVF) provides
a unique opportunity to implement the ability to give
birth in almost all forms of female and many forms
of male infertility [6]. Although IVF is considered a
common and relatively safe method of treating in-
fertility, the risk of side effects in the cardiovascular
system still has to be taken into account [14]. Foreign
studies have shown that hormonal therapy of infertility
can predispose to cardiovascular diseases [9, 11, 13].
However, a small number of studies and their high
heterogeneity cannot make firm conclusions about
the safety of assisted reproductive technologies for
the cardiovascular system. In Russia, this problem
has almost not been studied. In this regard, studies
aimed at assessing cardiovascular risk after applying
hormonal regimens for the treatment of infertility in
IVF are required.

This study aimed to perform a comparative as-
sessment of cardiac rhythm disturbances according to
daily ECG monitoring before and after superovulation
induction in IVF.

MATERIAL AND METHODS
Eighty women (average age of 32.31 + 3.57 years)
were examined. All patients underwent an IVF proce-

dure in the Center for Reproductive Technologies of
the St. Petersburg City Mariinsky Hospital. An indica-
tion for IVF was a history of primary or secondary
female/male infertility. Of patients, 21.3% had female
infertility factor (n=17), 37.5% had male infertility
factor (n=30), and 41.3% had mixed infertility fac-
tor (n=33).

Criteria for inclusion in the study were reproduc-
tive age suitable for the IVF procedure (from 18 to
43 years), a history of primary or secondary female/
male infertility, lack of IVF contraindications, and vol-
untary consent to participate in the study. The study
did not include women with a history of cardiovascu-
lar or endocrine system diseases, as well as hormonal
disorders.

e Ovulation induction was performed according to
a short protocol that consisted of the following
phases:

* From days 2 to 10 of the cycle, the recombinant
human follicle-stimulating hormone Gonal-f (Italy)
was administered at a dose of 300 IU.

* From days 7 to 11, the gonadotropin-releasing
hormone antagonist Orgalutran (Netherlands) was
administered subcutaneously at a dose of 0.25 mg.

* On day 11 at 23:00, the recombinant human cho-
rionic gonadotropin Ovitrelle (Italy) was adminis-
tered subcutaneously at a dose of 250 mcg.

* On day 11 at 23:00, a synthetic analog of the
gonadotropin-releasing hormone Decapeptyl (Ger-
many) was administered subcutaneously at a dose
of 0.2 mg.

* On day 13, 36 h after the last injection, ovarian
puncture was performed to obtain an oocyte.
According to the results of the one-way analysis of

variance test, age did not affect the changes in daily

ECG monitoring indicators (Fisher’s test F=0.92336,

p =0.53431); therefore, women were not divided into

groups by age.

The study of the functional condition of the cardio-
vascular system was performed twice in a hospital: a
day before the start of superovulation induction (day 1
of the cycle) and after completion of the superovula-
tion induction (day 14).
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Clinical and laboratory examination included a
double study of the general and biochemical analysis
of blood (alanine aminotransferase, aspartate amino-
transferase, total protein, creatinine, urea, glucose,
and total cholesterol), as well as hormonal studies
with the determination of thyroid-stimulating hor-
mone and estradiol levels before and after stimulation
of superovulation in IVF. Venous blood was sampled
for laboratory tests in the morning on an empty stom-
ach. The concentration of total cholesterol, aspartate
aminotransferase, alanine aminotransferase, glucose,
creatinine, urea, and total protein was determined
using an Architect c8000 biochemical analyzer (Ab-
bot, USA). Estradiol concentration was determined
in a Cobas e 411 immunochemical analyzer (Roche,
Switzerland) using an Alkor-Bio reagent kit (St. Pe-
tersburg, Russia). The concentration of thyroid-stim-
ulating hormone was determined using an Architect
12000 immunochemical analyzer (Abbot, USA). The
results of clinical and instrumental examination be-
fore and after the superovulation induction are pre-
sented in Table 1.

The study was conducted using a portable cardio-
monitor Kardiotechnika (Incart, St. Petersburg). The
device was installed in the morning. Continuous ECG

recording was performed under conditions of unlim-
ited activities of daily living for 24 h.

Quantitative variables are presented as arithmetic
mean + standard deviation (M + o) or confidence in-
tervals (Cls). Categorical variables are presented as
the frequency of detection and/or as percentage share.
Hypothesis on the equality of two mean values for
parametric data was tested using the Student f-test
for dependent samples (when comparing the indicators
over time). The differences were considered statistical-
ly significant at p <0.05. To identify the relationship
between quantitative accounting parameters, a corre-
lation analysis was performed with the determination
of the Pearson correlation coefficient (7). To identify
the relationship between quality accounting parame-
ters, the y? criterion was determined. To identify the
relationship between several parameters, a multiple
regression analysis was performed with the step-by-
step exclusion of variables. The multiple regression
model included factors with a significant regression
coefficient B (p <0.05).

To determine the relative risk of adverse events (AEs),
the patients were divided into two groups: those with
the presence of an AE after superovulation induc-
tion and those who had no AE after superovulation

Table 1 / Tabnuya 1

Laboratory indicators before and after induction of superovulation
JNlabopaTtopHble nokasaTenu 40 M NOCAe MHAYKLUMM CYynepoByaSLMn

Before stimulation superovulation, After stimulation of superovulation,
Parameters / M=o (n=280)/ M=o (n=280)/
TTapameTpbl Jlo MHIYKIMH CYTIEPOBYIISILNN, Tociie MHIYKIUH CYEPOBYIISIIHH, p
M=*o (n=280) M=*o (n=280)
Total protein, g/l / 74.63 + 5.83 71.92 = 5.69 <0.001
OO6uruii 0enoxk, 1/
Creatinine, mmol/1/ 72.98 + 11.31 76.76 + 10.54 <0.001
Kpearunus, MMOIIb/1T
Urea, mmol/l/ 479 +1.39 5.07 + 1.47 <0.001
MoueBrHA, MMOJIB/JI
Cholesterol, mmol/1/ 3.70 + 0.80 4.18 + 0.65 <0.001
XoJsecTepuH, MMOJIb/TT
Alanine aminotransferase, IU/l / 19.01 £ 4.75 23.06 % 479 <0.001
AnanunamuHoTpaHncepasa, ME/n
Aspartate aminotransferase, [U/1 / 2462+ 16.55 26.37 + 4.53 ~0.05
AcmapraramuaoTpancdepasa, ME/n
Glucose, mmol/1/ 4.02+0.52 4.44 +0.50 <0.05
T'moko3a, MMOIIB/1
Estradiol, pmol/1/ 103.42 + 12.18 907.92 + 150.46 <0.001
DcTpaanoi, TMOIb/I
Thyr01d-st1mu1vatmg hormone, mIU/ml / 120 + 047 247+ 0.45 <0.001
TupeotponHslii ropmon, MME/Mn
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induction. Using the four-field table, the relative risk
of an AE was calculated, which was represented by the
emergence of cardiac rhythm disturbances or episodes
of apnea-hypopnea after superovulation induction:

_al@+h),
op= c/(c+d

where a implies a risk factor and an adverse outcome,
b means no risk factor with an adverse outcome, ¢ im-
plies a risk factor without an adverse outcome, and
d means no risk factor without an adverse outcome.

The relative risk indicator was compared with 1 to
determine the relationship of the factor with the out-
come. When the value of the relative risk indicator is
1, it was concluded that the factor under study did not
affect the probability of the outcome (lack of connec-
tion between the factor and the outcome). When the
value of the relative risk indicator was more than 1, it
was concluded that the factor increased the frequency
of outcomes (direct correlation). When the value of
the relative risk indicator was less than 1, a conclu-
sion was drawn about a decrease in the probability
of an outcome when exposed to a factor (feedback).

RESULTS AND DISCUSSION

An analysis of the results of daily ECG monitoring
revealed the changes in the parameters of the heart
rate (HR) daily profile after stimulation of superovu-
lation compared with the baseline values. According

to daily ECG monitoring conducted in women on
day 1 after stimulation of superovulation, there was
a slight but significant increase in the average daily
(»<0.01) and average night HR values (p <0.01).
The most pronounced increase was registered in the
average daily HR max (111.8+16.9 beats/min be-
fore and 124.7 + 11.6 beats/min after; average in-
crease in HR12.9+ 7.3 beats/min; p<0.01). The
average daily HR values min (58.1 5.4 beats/min
before and 64.3 £ 6.6 beats/min after; average HR
increase 6.2+ 5.3 beats/min; p <0.01) and average
night HR indicators min (50.7 =4.4 beats/min be-
fore and 57.6 6.5 beats/min after; an increase in
HR6.9 £4.7 beats/min; p <0.01) were found to be
more stable (Table 2). A correlation was established
between the concentration of estradiol and the increase
in the average daily HR on day 1 after the superovu-
lation induction (» = 0.30, p <0.05).

After superovulation induction, a decrease in the
circadian HR index was registered in female patients
(1.18 £ 0.18 beats/min before and 1.12 + 0.17 beats/min
after; p <0.05). Similar changes are usually registered
with increased activity of the sympathetic part of the
autonomic nervous system.

In 27.5% of women after the superovulation in-
duction, the frequency of supraventricular extrasystole
decreased, and in 57.5%, it increased compared with
the baseline level. In 5.0%, supraventricular extrasys-
tole was registered for the first time, and in 10.0%, its

Table 2 / Tabnuuya 2

Dynamics of the daily profile of the heart rate in women before and after induction of superovulation during extracor-

poreal fertilization

[OuHamuka CYyTO4YHOro I'IpOCbVU'IFI 4aCTOTbl CEPAEYUHbIX COKpaLLI,EHMVI Y XXeHWMHWH 00 1 nocne MHAyKunm cyneposynaumum npu JKO

Heart rate. beats/min / Before stimulation superovu- | After stimulation of superovu-| Difference,
Times of day / ’ lation, M + ¢ (n = 80) / lation, M + ¢ (n = 80) / M=*o/
[Tokazarens UCC, yn/ p
Bpewms cyTok . Jlo cruMynsuu cynepoBydis- | Ilocie CTUMYISIUU Cyepo- Pasnuna,
uuu, M+ o (n=80) Bynsuuu, M + ¢ (n = 80) M=+o
Heart rate minimal / 58.1+ 5.4 64.3 + 6.6 62+53 | <0.01
YCC MuHUMaJIbHAS
Daytime /
TesHOe Heart rate average / 75159 83.1+6.3 81+52 | <0.01
UCC cpenusis
BpeMs
Heart rate maximal / 111.8 + 16.9 1247+ 11.6 129473 | <0.01
YCC makcuMalbHas
Heart rate minimal / 507+ 4.4 57.6+6.5 69+47 | <0.01
YCC MuHUMAIIbHAS
Night time /| Heart rate average / 65.0 9.0 75.6 % 12.1 106474 | <0.01
Hounoe Bpems | UCC cpennss
Heart rate maximal / 92,9+ 13.0 103.3 % 9.1 91+61 | <001
YCC makcuMaiabHas

Note. HR — heart rate.
Ipumeuanue. YCC — yacToTa CEpACUYHBIX COKpPALICHHI.
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frequency remained unchanged. Thus, in most female
patients, an increase in the total number of supraven-
tricular extrasystoles after induction of superovulation
was noted (p <0.01; Figure 1).

According to the data obtained, ventricular extra-
systoles did not occur in the female patients examined
both before and after stimulation of superovulation.
There was an increase in the average number of supra-
ventricular extrasystoles over time compared with the
initial state (2.51 +1.61 extrasystoles per hour after
before and 3.20 =2.95 extrasystoles per hour after;
p <0.05) and an increase in the average number of
apnea-hypopnea episodes (0.23 + 0.12 per hour before
and 1.51 £ 0.81 per hour after; p <0.01; Figure 2).

It should be noted that, in general, an uncritical
amount of supraventricular extrasystoles was recorded
both during the hour and during the day. This was also
true for the apnea-hypopnea index, the values of which
did not exceed the norm (up to 5 episodes per hour).
In the female patients examined, episodes of apnea-hy-
popnea occurred only at night. A direct correlation was
established between the estradiol concentration and the
apnea-hypopnea index after superovulation induction
(r=0.34, p<0.05). It was also revealed that the to-
tal number of supraventricular extrasystoles recorded
per day correlates directly with the level of average
daily HR (r=10.28, p <0.05, respectively). Therefore,
the more significant the increase in the average daily
HR is, the greater is the likelihood of supraventricular
rhythm disturbances during the induction of superovu-
lation in IVF. Thus, the data obtained in the study in-
dicate that stimulation of superovulation with IVF can
be a triggering factor for changes in the heart rhythm.
The presence of a history of cardiovascular diseases
in a woman may contribute to pathological changes in
the heart rhythm. Female patients with cardiovascular
pathology were not included in our study; therefore, no
pathological number of supraventricular extrasystoles
was registered after the induction of superovulation.
However, according to the data obtained, the induc-
tion of superovulation is associated with an increase
in the average daily HR max (p <0.01) and, therefore,
with an increase in myocardial oxygen demand. The
above factors can contribute to the exacerbation of
existing chronic cardiovascular diseases, as well as
the development of heart rhythm disorders and more
frequent episodes of apnea-hypopnea.

Before stimulation of superovulation, episodes of
apnea-hypopnea were registered in 22.5% of female
patients, and after manipulation, they were noted in
50.0% (¥*=15.7, p<0.01; Figure 3).

It should be noted that after the induction of su-
perovulation, 27.5% of female patients experienced
episodes of apnea-hypopnea, 22.5% had more fre-

First appeared /
MosBinacy Brepable

At the same level /
Ha npexHem yposHe

Increased /
YBenmunnach 7.5
Decreased /
YMeHbLUMNaCh
: %
0 20 40 60 80

Fig. 1. Distribution of women in accordance with the dynamics
of supraventricular extrasystole after induction of su-
perovulation, %

PacnpepeneHune eHIWMH B COOTBETCTBMU C AUHAMMKOM
CynpaBeHTPUKYNAPHOI 3KCTPACUCTONMM NOCNE UHAYKLIUU

cynepoBynaummu, %

Puc. 1.

35
3
2,5
2
1,5
1
0,5
04

TPMKYTIAPHLIX 3KCTPACUCTON B YaC

The number of supraventricular extrasys-
toles per hour / Konuyectso cynpaseH

B before / no M after / nocne

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
04

1.5

aNHO3/TMMHO3 B Yac

0.23

The number of episodes of apnea/
hypnea per hour / Konnyectso 3nu3oz0s

B before / po M after / nocne

Fig. 2. The number of supraventricular extrasystoles and epi-
sodes of apnea/hypnea in women before and after the
induction of superovulation (p < 0.05)

Puc. 2. KonuuectBo cynpaBeHTPUKYNSAPHbIX SKCTPACUCTON U 3MK-

304,0B anHO3/TMMHO3 Y YXEHLMH A0 U NOCNe UHAYKLUU
cyneposynsauum (p < 0,05)

quent episodes of apnea-hypopnea, and 50.0% had the
baseline number of apnea-hypopnea episodes. In the
subgroup of female patients in which episodes of
apnea-hypopnea were recorded after the induction of
superovulation compared with women without apnea-
hypopnea, higher levels of estradiol (936.44 + 114.94
and 817.59 +150.23 pmol/L, respectively; p <0.05),
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Before / o

p=0.0001

After / MNocne

25.5%

75.5%

m Yes / Ectb
B No / Hert

m Yes / Ectb
B No / Hert

50%

Fig. 3. The proportion of women with episodes of apnea/hypnea before and after the induction of superovulation, % (p < 0,01)
Puc. 3. [long >XeHWMH € 3NM304aM1 anHO3/TUNHO3 A0 U Nocsie MHAYKUMK cynepoBynsaumum, % (p < 0,01)

cholesterol (4.52+0.47 and 4.08 = 0.66 mmol/L, re-
spectively, p < 0.05), and erythrocyte sedimentation
rate (7.42+ 1.73 and 5.95 +2.23 mm/h, respectively,
p <0.05) were noted.

Using regression analysis, it was found that the de-
terminants of the risk of supraventricular extrasystole
after the induction of superovulation can be deteriora-
tion in the daily profile of blood pressure (BP) and
HR and disorder of the vagosympathetic balance of
the autonomic nervous system (Table 3).

Special aspects of the BP daily profile that af-
fect directly the emergence of rhythm disturbances
in women, an increase in BP wvariability, worsen-
ing of the morning BP changes, an increase in the
12-h amplitudes of systolic and diastolic BP, and an
increase in the 24-h amplitudes of systolic and dia-
stolic BP should be noted. In particular, in the sub-
group of female patients with negative dynamics in
the form of an increase in supraventricular extrasystole
after induction of superovulation, the morning rise in
systolic BP was higher than in the subgroup with-
out negative dynamics after induction of superovula-
tion (49.4+£4.7 and 25.6 + 6.1 mmHg, respectively,
p<0.01). This is also true for the morning increase
in diastolic BP (47.1 £6.2 and 22.8+8.3 mm Hg,
respectively, p <0.01). The emergence of supraven-
tricular disturbances of the cardiac rhythm was also
influenced by the initial and subsequent levels of
the average daily and night HR. Thus, in the sub-
group of female patients who had an increase in the
number of supraventricular extrasystoles, the aver-
age daily HR was higher than that in the subgroup
of women without negative dynamics (83.7+5.3
and 77.1 £9.7 beats/min, respectively, p <0.01). The
emergence of supraventricular extrasystole was asso-
ciated with a change in the vagosympathetic balance

both before (LF/HF: B=0.31, p <0.01) and after in-
duction of superovulation (LF/HF: B =0.40, p <0.01).

The relative risk of supraventricular extrasystole un-
der the influence of superovulation induction was deter-
mined. In female patients with supraventricular extrasys-
tole registered before the induction of superovulation, the
relative risk of its increase in day 1 after the manipulation
was 1.13 compared with women who did not initially
have supraventricular extrasystole (95% CI 0.57-2.14).
Therefore, the presence of supraventricular extrasystole
before the induction of superovulation increases the risk
by 1.13 times in day 1 after manipulation. The relative
risk of increased episodes of apnea-hypopnea under the
influence of induction of superovulation was also cal-
culated. In women with apnea-hypopnea episodes regis-
tered before induction of superovulation, the relative risk
of increasing their rate on day 1 after manipulation was
2.82 compared with women who did not have apnea-
hypopnea before induction of superovulation (95% CI
2.02-3.94) Therefore, the presence of episodes of apnea-
hypopnea before induction of superovulation increases
the risk by 2.8 times after the manipulation.

CONCLUSION

Superovulation induction is associated with a signif-
icant increase in the average daily HR max (p <0.01)
and, therefore, with an increase in myocardial oxygen
demand. Induction of superovulation promotes the de-
velopment of supraventricular thythm disturbances and
an increase in episodes of apnea-hypopnea. Predictors
of supraventricular rthythm disturbances include unfa-
vorable daily values of HR and BP, as well as disor-
ders of the autonomic regulation of cardiac activity.
The emergence of rhythm disturbances is associated
with both the initial functional condition of the car-
diovascular system and its response to the induction
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Table 3 / Tabauya 3
The results of a step-by-step regression analysis of the influence of the studied variables on the appearance of supra-
ventricular extrasystole after superovulation induction
Pe3ynbTaTthl NOLWAroBOro pPerpecCMOHHONO aHaaM3a BAUSIHUS M3YYaEMbIX MEPEMEHHbIX Ha MOSIBIEHWUE CYMNPABEHTPUKYAAPHOM
3KCTPACUCTONMM NOCIE UHAYKLMM CYyNepOBYSLMMN

Independent variables / Coefficient regressions B /

HesaBucuMble IIEpEMEHHbIC Koadduuuent perpeccuun B p
Index apnea/hypnea / naexc anmHO3/TUITHO 0.40 <0.01
Average daily heart rate / Cpenuennesnas YCC 1.63 <0.01
Average night heart rate / Cpegnenounas YCC 1.97 <0.01
Morning rise of systolic blood pressure / Beauuunna yrpeanero T CAJ{ 4.76 <0.01
Morning rise of diastolic blood pressure / Benuunna ytpennero T A/l 5.64 <0.01
24-hour amplitude of diastolic blood pressure / 24-yacoBas ammntyna Al 0.53 <0.01
12-hour amplitude of systolic blood pressure / 12-yacoBas ammutyna CAJl 0.45 <0.01
12-hour amplitude of diastolic blood pressure / 12-gacoBas ammiutyna 1AL 0.18 <0.01
Variability of systolic blood pressure by day / Bapua6ensnocts CAJl nHeM 0.79 <0.01
Variability of mean blood pressure by day / BapuabenbHocTs cpeanero AJl nuem 0.64 <0.01
Variability of systolic arterial pressure at night / Bapua6ensrocts CA/l HOUBIO 2.67 <0.01
Variability of diastolic blood pressure at night / Bapunadexsrocts JJA /] HOUBIO 0.23 <0.01
Variability of mean blood pressure at night / BapuabensHocTh cpennero AJl HOUbIO 1.83 <0.01
Index LF/HF day / [lokazarens LF/HF nuem 0.40 <0.01
SDNNidx / SDNNidx 0.22 <0.01
rMSSD / rMSSD —-0.23 <0.01
R? models = 0.99, F =4.82; p=0.001 / R? moxenu = 0,99, F =4,82; p=0,001

Note. LF/HF ratio — characterizes the balance of sympathetic and parasympathetic effects on the heart; SDNNidx (ms) — the average
of all standard deviations over the entire recording array (triangular index), characterizes the general state of heart rate variability;
rMSSD is the square root of the mean squares of the differences in the values of successive R—R intervals, reflects the activity of
the parasympathetic link of autonomic regulation.

Ipumeuanue. Coornomenne LF/HF — xapakTepusyer OanaHC CHMIATHYECKHX M IMapacHMIIATHYECKHX BIMSHUN Ha cepaue;
SDNNidx (Mc) — cpeaHee U3 BCeX CTaHIAPTHBIX OTKJIOHEHHUH 110 BCEMY MAaCCUBY 3allMCH (TPUAHTYISIPHBIH HHIEKC), XapaKTepu3yeT
of1iee cocTosiHUE BapHaOeNbHOCTH cepedHoro putMa; MSSD — kBaapaTHBI KOPEHb U3 CPEHEro 3HAYCHUs KBaJpaTOB Pa3HO-
CTeil BENMMYMH MOCIIeI0BAaTEIbHBIX HHTEPBAJIOB R—R, oTpaxkaeT akTHBHOCTH NMapacMMIATHYSCKOTO 3BeHA BETETATUBHOHN PEryJIsIuu.
UCC — yacrora cepiaeuyHbIx cokpaumeHuid, AJ[ — aprepuanbnoe nasienue, CAJl — cucTONIMYECKOE apTepHajbHOE AaBIEHUE,
JAJl — nuacTomveckoe apTeprualibHOE AaBIEHUE.

of superovulation. The relative risk of supraventricu- cause an adverse effect on the functional state of the

lar extrasystole in practically healthy women under
the influence of superovulation induction in IVF was
1.13 (95% CI 0.57-2.14). The relative risk of apnea-
hypopnea in practically healthy women under the in-
fluence of superovulation induction in IVF was 2.82
(95% CI 2.02-3.94). Induction of superovulation can

cardiovascular system of women. In women planning
IVE, it is advisable to assess the functional condition
of the cardiovascular system using daily monitoring
of ECG and BP. This will enable to prepare a woman
in advance for the upcoming procedure and avoid ad-
verse reactions in the cardiovascular system.
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