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PernpogyKTvsHa eHgoKpuHoOIOrIS

INTRODUCTION

Fetal growth and maturation critically de-
pends on the placental function and captures
all external impact from the maternal organism.
Maturation of the autonomic nervous system
demonstrates a fetal growing ability to provide
ergotropic and trophotropic reactions. Any
pathological stimulus may disturb fetal well-be-
ing. Theory of fetal programming explains how
abnormal fetal status could have repercussions
in the great number of diseases in a further [1, 2].

Fetal growth restriction (FGR) is a convenient
model for the investigation of abnormalities of
fetal neurodevelopment [3, 4]. Fetal heart rate
variability (HRV) is a well-known approach for the
detection of fetal autonomic function [5]. Results
of several recent studies showed that variables of
fetal HRV in FGR are disturbed [6, 7]. Amplitude
of mode (AMo), stress index (SI) use in fetal dis-
tress detection was found [8, 9]. AMo is a number
of intervals corresponding to the mode value in
% to the sample size. AMo and Sl reflect the ac-
tivity of sympathetic regulation [10]. Therefore
the delayed maturation of autonomic nervous
regulation could be a sensitive marker of FGR
[11, 12]. Non-invasive fetal electrocardiography
(NI-FECG) is a prospective method for HRV-indi-
ces study. But it has some limitations. The issue
is a growing layer of vernix caseosa in terms from
29 to 34 weeks. Good quality of NI-FECG tracing
was found in the period of neurological matura-
tion (24-28 weeks) [13, 14].

The aim of this study was to detect several pat-
terns of autonomic nervous regulation in FGR com-
plicated by fetal distress or without fetal distress.

MATERIALS AND METHODS

The study protocol was approved by the Bio-
ethics Committee of the Kharkiv Medical Acad-
emy of Postgraduate Education (registration
number 0116U002865). The eligible participants
were informed about the study’s methodology,
its aims, objectives, indications and eventual
complications before enrollment. Patients from
the department of maternal-fetal medicine were
selected randomly for the cross-sectional study.
Totally 64 patients at 26-28 weeks of gestation
were enrolled. FGR were detected in 41 women.
23 patients had normal fetal growth and were
included in the Group | (control). 20 pregnant
women with FGR wthout fetal distress were ob-
served in Group Il. 21 patients with FGR and fetal
distress consists Group lIl.
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The FGR was diagnosed if fetal weight param-
eters were lower than 10th percentile according
to ultrasound. The reversed diastolic component
in the umbilical artery (UA), absent a-wave in the
ductus venosus (DV) and umbilical vein (UV) pul-
sation pulsations were the features of fetal dis-
tress [15-19].

The fetal HRV and conventional CTG patterns
were obtained from RR-interval time series regis-
tered from maternal abdominal wall via NI-FECG.
The equipment “Cardiolab Baby Card” (Scientif-
ic Research Center “KhAl-Medica”, Ukraine) was
used. Registration was carried out over 30-60
minutes. Total power (TP) and its spectral com-
pounds i.e. very low frequency (VLF), low fre-
quency (LF), high frequency (HF) and LF/HF ratio
or sympatho-vagal balance was determined.

The temporal characteristics of the fetal HRV
were calculated: standard deviation of normal
to normal intervals (SDNN), root mean square of
successive heartbeat interval differences (RMS-
SD), proportion of the number of pairs of NNs
differing by more than 50 ms divided by the total
number of NNs (pNN50), AMo (the most frequent
value of NN interval or the highest column in the
histogramm) - the number of NN intervals in-
cluded in the pocket corresponding to the mode
measured in percentages (%) and SI = AMo (%) /
(2 x Mo x Var); Var = NNmax — NNmin [2-5].

Obtained fetal RR interval time series was
transformed into CTG tracing. The following CTG
parameters were determined: short term vari-
ation (STV), long term variation (LTV) and the
number of accelerations and decelerations.

Results of the study were analyzed with an
ANOVA test to compare data between groups.
The significance was set at p <0.05. SPSS for Win-
dows Release 19.0 (SPSS Inc. Chicago, Illinois, li-
cense No 15G09207000A) software was used for
statistical analysis.

RESULTS

Suppression of the total level of HRV with sym-
pathetic overactivity was found in FGR (Table).
The reduced vagal activity according to the val-
ues of RMSSD and HF was detected. FGR was fea-
tured by a gradual decrease of TP with a maximal
elevation of AMo and Sl in fetal distress Group.
The maximal growth of sympatho-vagal balance
was found in Group lIl. Fetal deterioration was
associated with an increased quantity of decel-
erations, reduced level of accelerations, and de-
creased of STV and LTV.
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Table. Fetal HRV parameters and (TG indices in the study population

Index Group | Group Il Group Ill
SDNN, ms 21461 316+£42* 1154264
RMISSD, ms 211428 1454 24% 8.0+06%
pNNS0, % 41405 22403 124025t

AMo, % 382+60 513+89* 628 £ 561
I, cu. 6605 +81.2 1068341528  2825.1 4403 5%
TP ms? 814241251 6437 +884% 2245+ 406
VLE mg? 5627+ 894 40104563% 11704342+

LF, ms? 1518+ 446 1947 +29.1* 901+ 11.4%1

HF, ms? 1006+ 9.4 491 +83* 1684 35%1

LF/HF 15 40 54

STV, ms 75428 60422 41£16%
LTV, ms 219471 16.1 4 5.8% 1264 43%1
Murnberof 125+29 99+08* 11403%
dgfeﬂtr’;ﬂg;s 14403 85+23* 8.6+ 2441

* differences were statistically significant compared to Group |, p <0.05;
" differences were statistically significant compared to Group Il, p <0.05

We have found that each group of the study population has
its own pattern of the autonomic nervous regulation and CTG
curve. The samples are located below.

Case 1. A pregnant primigravida woman of 22 years was ad-
mitted to the Department of Feto-Maternal Medicine of Kharkiv
Municipal Perinatal Center at the term of gestation 26 weeks.
The prodromes of any maternal diseases before gestation were
not found. Fisrt trimester biochemical tests were normal. She
had mild pre-eclampsia and FGR. Fetal distress was diagnosed
via Doppler ultrasound. The reversed diastolic component in the
UA, absent a-wave in the DV and UV pulsations were found. The
data of NI-FECG demonstrated the suppressed fetal autonom-
ic tone with the decelerative pattern of beat-to-beat variations
curve (an analog of the ultrasound cardiotocography curve) (Fig.
1). The decreased STV (2.6) supported the diagnosed fetal dis-
tress. The variables of HRV were abnormal. TP was decreased (92
ms?). SI=3102 and AMo = 85% were dramatically elevated.

The fetal demise occurred the next day. The labour was in-
duced. Woman delivered a dead male baby of 460 g, 28 cm
body length, and 20 cm head circumference.

Case 2. A primigravida woman aged 31 hospitalized to the De-
livery Department because of the preterm rupture of fetal mem-
brane at a term of 27 weeks of gestation. She had regular antenatal
visits. No maternal diseases were known. The course of antimicro-
bial therapy and betamethasone (24 mg) was started. FGR and
disturbed circulation in uterine arteries were detected via Doppler
ultrasound. No more clinical or instrumental pathological findings
were detected. Several accelerations and decelerations were found
on the NI-FECG tracing (Fig. 2). Parameters of beat-to-beat varia-
tions were normal. Despite the revealed reactivity, the variable of TP
was only 204 ms?. The variables of HRV markers of fetal distress were
moderately elevated: SI= 1135 and AMo = 74%.

Regular uterine contractions started in 5 days. Woman de-
livered vaginally a female baby of 700 g, 30 cm length, 24 cm
head circumference, and Apgar score 3—5. Baby passed to the
Neonatal Resuscitation Unit and sent home in 74 days.
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Figure 1. Tracing of beat-to-beat variations in a growth-restricted fetus

Blue line is fetal beat-to-beat variatiations curve and green one is maternal. Blue line crossing
the fetal heart rate pattern shows the estimated basal heart rate (baseline). Gray shaded areas
show the detected accelerations and decelerations.
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Figure 2. Tracing of beat-to-beat variations in a growth-restricted fetus with several
accelerations and decelerations

Case 3. Pregnant woman aged 28 with the uterine scar was
hospitalized to the Department of Feto-Maternal Medicine at
26 weeks of gestation. She had a pelvic fracture because of the
traffic accident in her anamnesis. The short cervix (15 mm) was
found via ultrasound. Obstetric pessary was inserted. Hemody-
namic Doppler ultrasound showed the increased vascular re-
sistance in uterine arteries and elevated systolic/diastolic ratio
in the middle cerebral artery. The pattern of fetal beat-to-beat
variations obtained by NI-FECG was reactive (Fig. 3). HRV param-
eters were absolutely normal: TP =825 ms? SI=651; AMo = 65%.

Unfortunately, a preterm rupture of the fetal membrane oc-
curred at 29 weeks of gestation. Baby of 810 g, 33 cm length, 24
cm head circumference, and Apgar score 5—6 was delivered
via caesarean. Baby passed to the Neonatal Resuscitation Unit
and sent home in 44 days.

DISCUSSION

Management of pregnant women with an early-onset FGR
is still an issue. Besides well-known hemodynamic Doppler
findings, presence of decelerations and decreased beat-to-
beat variations are the markers of fetal distress [20-24]. But a
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Figure 3. The reactive pattern of the tracing of beat-to-beat variations in a growth-
restricted fetus
decelerative pattern before 26 weeks of gestation is normal.
Just after this term fetal autonomic regulation starts to be reac-
tive to its motility by increasing heart rate [2]. The speculation
that delayed neurological maturation is a reason for the fetal
distress in FGR was done. Revealed markers of the suppressed
autonomic nervous regulation and sympathetic overactivity
were detected in FGR.
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DELAYED NEUROLOGICAL MATURATION IS A CAUSE FOR DISTRESS DURING FETAL GROWTH RESTRICTION

I.V. Lakhno, MD, professor, Department of Perinatology, Obstetrics and Gynecology, KhMAPE, Kharkiv, Ukraine
S.E. Malikova, assistant, Department of Perinatology, Obstetrics and Gynecology, KhMAPE, Kharkiv, Ukraine

Theory of fetal programming contributes to a better understanding of the relationship of many human diseases with antenatal period pathology. Regulatory impact of nervous system
is of great importance. Fetal growth restriction (FGR) is a convenient model for investigation of the abnormalities of fetal neurodevelopment. Fetal heart rate variability is a well-known
approach for fetal autonomic function detection.

The aim of the study was to detect several patterns of autonomic nervous requlation in FGR complicated by fetal distress or without fetal distress.

Materials and methods. Totally 64 patients at 26—28 weeks of gestation were enrolled. 23 patients had normal fetal growth and were included in the Group I (control). 20 pregnant
women with FGR without fetal distress were observed in Group II. 21 patients with FGR and fetal distress were included in Group IIl. Fetal heart rate variability and conventional
cardiotocographic patterns were obtained from the RR-interval time series registered from the maternal abdominal wall via non-invasive fetal electrocardiography.

Results. Suppression of the total level of heart rate variability with sympathetic overactivity was found in FGR. The maximal growth of sympathovagal balance was found in Group

Ill. Fetal deterioration was associated with an increased quantity of decelerations, reduced level of accelerations, and decreased of short term variations and low term variations. But a
decelerative pattern before 26 weeks of gestation was normal. Therefore fetal autonomic malfunction could be a result of persistent neurological immaturity in FGR. The approach based
on the monitoring of fetal autonomic maturity in the diagnosing of its well-being should be tested in further studies.

Conclusion. Fetal heart rate variability variables and beat-to-beat variations parameters could be the sensitive markers of neurological maturation and good predictors for fetal
deterioration.

Keywords: fetal distress, fetal growth restriction, fetal non-invasive electrocardiography, neurodevelopment.

CMOBITbHEHE J03PIBAHHA HEPBOBOT CUCTEMIA — MPUYMHA AWCTPECY NP 3ATPUMLI POCTA NOZA

I.B. axHo, 1. Mef. H., npodecop kadeapu nepuHatonoril, akywepctga i rinekonori XMATO, m. XapkiB
C.E. ManikoBa, acucteHT kadeapy nepuxatonorii, akyiepcrsa i rikekonorii XMATIO, m. Xapkis

Teopis nnoa0BOro NporpamyBaHHA 03804 NOACHNTI B3AEMO3B'A30K OaraTbox 3aXBOPIOBAHb NIOAMHY 3 NATONOTIEN aHTEHATNbHOTO Nepioay. Bennke 3HaueHHA Ma€ perynATopHMil
BB 3 60Ky HepBOBOI CUCTEMY. 3aTpUMKa pocTy noga (3PM) € 3pyuHoio Moaennto AnA AOCHiAeHHA NopyLeHb PO3BUTKY ioro HepBOBOI cucTemu. BapiabenbHicTb cepuesoro
pUTMY oA — 2o6pe Bigomuii NiaxXia ANA BUBYEHHA 100 BEreTaTUBHOI GYHKLI.

MeTa gocnigeHHsa. BcraHoBwTY fekinbka TvNB BereTatveHoi HepBoBoi perynalii npy 3PI1, ycknaaHeilt auctpecom abo be3 auctpecy nioga.

Matepianu i meTogm. Ycboro 6yno obcTexeHo 64 nauieHTky B TepmiHax rectallii 26—28 TixHIB. Y 23 nauieHTok byno BigMiueHo HopMalbHe 3poCTaHHA NoAa. Boru bynn BKoueH
Ao rpynu | (kouTponb). Y Il rpyni nig cnoctepexxenHam nepebysano 20 BaritHix i3 3PI1 6e3 guctpecy nnoga, y 11l rpyni — 21 nauietTka i3 3PM 1a auctpecom nnoga. BapiabenbHictb
(EPLeBOrO pUTMY N0 Ta KApAIoTOKOrpadiuKi 3anucy byau oTpUMaHi LAAXoM 06pobKM TpUBanacTi iTepBania R, 3apeecTpoBaHiX i3 YepeBHOT CTIHKM MaTepi 3a A0NOMOro0
HeiHBa3UBHOI eneKTpoKapAiorpadii nnoza.

Pe3ynbTatu. [IpUrHiueHHs 3araftbHoro PiBHA BapiabenbHOCTi cepLeBoro pUTMY i3 NiABMILLERHAM CUMNaTUUHOT akTUBHOCTI byno BUuABAEeHO npy 3PIT. MakcumanbHe 3pocTaHHa
CumMnaToBaranbHoro banancy byno suasneHo y Il rpyni. MoripeHa cTany nnoza 6yno nos's3ane 3i 36inbLIEHHAM KiNbKOCTI eLienepaLii, 3HuKeHM piBHem akuienepallili Ta
3MEHLLEHHAM 3HaueHb KOPOTKOTPYBAIIX Ta J0BrOTPUBANIAX KONMBAHb YaCTOT CepLEBIX CKOPOYeHD. Afe 0 26 TUXHA BATTHOCTI HAABHICTb JeLieniepaLiil € HopManbHIUM ABULLEM.
Tomy nopyLueHHA BereTaTiBHOI GyHKLT nn0Aa Moxe 6yTu Hacniakom Hesponoriunoi He3pinocti npu 3PIT. Miaxia, 3acHOBaHMIA Ha CTOCTEPEXKEHH 3a 403PiBAHHAM HEPBOBOI perynALii
nnoaa ANA AIarHOCTUKIA 70T0 CTaHy, NOBMHEH 6yTv nepesipeHmit y NoAanbLUIX AOCTIMKEHHAX.

BucHoBOK. [ToKa3HIKi BapiabenbHOCTI cepLieBoro puTMy nA0Aa i NapameTpi «yaap A0 YAapy» BapiaLliit MOXYTb 0yTu YyTAMBIMY 03HaKaMu HEBPOAOTYHOTO 03DIBAHHA Ta
MapKepamy NoripLUeHH CTaHy nioza.

KntouoBi cnoBa: AucTpec nnofia, 3aTpunka pocTy noaa, HeiHBa3uBHa enekTpoKapziorpadia noaa, po3BHUTOK HEPBOBOT CHCTEMI.

3AMELEHHOE CO3PEBAHWE HEPBHOW CUCTEMbI — MPUYIHA JUCTPECCA MPU 3ALEPXKKE POCTA NNOJA

I1.B. NaxHo, 4. Mez. H., Npodeccop Kadeapbl nepuHaTonoruu, akywepcrsa i rukexonorui XMATIO, T. XapbkoB
(.. ManukoBa, accCTeHT Kadeapbl nepuHatonoruy, akywepcrsa u ruxexonoruu XMATIO, . Xapbko

Teopwa N0A0BOrO MPOrpaMMUPOBAHNA N03BOAALT 0ObACHUTH B3aMMOCBA3b MHOTIX 3a000€BaHYIi YeNoBeKa C NaToNorelt aHTeHaTanbHOro nepuoza. bonbluoe 3HaueHve uvieet
perynaTopHoe BAUAHIE CO CTOPOHbI HEPBHOI CUCTeMbl. 3aaepkka pocta nnoga (3PIT) ABnAeTCA yA00HOA MOAENbI0 AN UCCNeA0BaHUA HapyLLEHHIi Da3BUTIAA €r0 HePBHOM CUCTEMbI.
BapuabenbHoCTb cepAeyHoro puTMa noga — XopoLUo U3BECTHbII MOAXOA ANA U3YUeHUA ero BereTaTuBHOI GyHKLMN.

Llenb nccnenoBanmA. YcTaHoBIUTb HECKOMbKO TUNOB BereTaTvBHO HepBHOIA PErynawyma npu 3PI, ocnoxHeHHoi INCTPECCOM nin 6e3 InCTpecca nnofa.

Matepuanbl n metozbl. Beero Obiv 06cne0BaHb 64 NaUyeHTKi B cpokax rectauyn 26—28 Hepenb. Y 23 nauveHTox i oTMeyeH HopManbHblii pocT 110Aa. OHI Bbiv BKAIOYEHb
B rpynny | (KoHTponb). Bo BTopoii rpynne nog HabntoaeHrem Haxoguanc 20 bepemenHbix ¢ 3PT1 6e3 AucTpecca nnoaa, B TpeTbeli rpynne — 21 nauvenTka ¢ 3PM u aucTpeccom niofa.
BapuabenbHoCTb cepaeyHoro puTMa noza v Kapa1oToKorpaduUeckie 3anwcy 6bia noayyeHbl nyTem 06paboTKi AnuTeNbHOCTI MHTePBanoB RR, 3aperucTpupoBaHHbix ¢ OpILIHO
CTEHKV MaTepyt C MOMOLLIbIO HeyHBa3BHOI INEKTPOKAPANOrPAGUY NNOAA.

Pe3ynbTatbl. YrHeTeHve 06L1iero ypOBHA BapuabenbHOCTH CepaeYHOro pUTMa C NOBbILIEHNEM CUMMATAYECKOIl aKTUBHOCTIA bin0 06HapyxeHo npy 3PI1. MakcumanbHbiii poct
MnaToBaranbHoro banaxca bin 0bHapyxe B Il rpynne. Yxyauwerne cocToAHIA nnoza Obino (BA3aHO C yBENUYEHEM KONMYECTBA AeLieNepaLlyii, TOHWKEHHbIM YpOBHeM
aKLenepaLii v ymeHbLIEHIEM 3HaUeHMiA KpaTKOCPOUHBIX 1 A0ATOCPOUHbIX KOEbaHMiA YacToTbl CepAeUHbIX COKPaLLeHyt. Ho 10 26 Heienu bepemeHHOCTI Hanuume AeLienepauiii —
HopMafnbHoe ABNeHwe. [103ToMy HapyLLIeHNe BereTaTBHOI GYHKLMM NN0Aa MOXeT ObiTb CneacTBuem Hesponorinueckoii Hespenoctit npu 3PN, Moaxoa, 0CHOBaHHBIIA Ha HAOMOAEHN
33 C03peBaHMEM HEPBHOI perynALIN 043 ANA AUArHOCTUKI €ro COCTOAHIA, 0MXeH ObiTb NPOBEPeH B AaNbHEMLLIX UCCNeL0BAHNAX.

BbiBog. Moka3aTenu BapuabenbHOCTY CepAUHOTO PUTMA M10AA 1 MAPAMETPbI «y/ap B Yaap» BapUaLil MOrYT BbiTb UyBCTBUTENIbHbIMM MPU3HAKAMY HEBPOMOTMYECKOTO CO3peBAHA
1 MapKepamy yXyALWeHA COCTOAHNA NoAa.

Kniouesble cnosa: ANCTpecc nnoAd, 3aepXKa pocTa NnoAd, HENHBA3BHAA 9neKTp0Kap;|morpa¢vm NNoAa, passutue H€pBHOI7I CNCTEMbI.
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