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Abstract

Background: Fetal growth restriction (FGR) is a multifactorial disturbance of fetal nutrition with short- and long-
-term consequences (e.g. autonomic malfunction and delayed neurological maturation). Fetal heart rate variabili-
ty (HRV) is critically dependent on autonomic regulation. This study focused on identifying a correlation between
neonatal biometry and HRV variables. Material and methods: This was a descriptive cross-sectional study of 48
women at 22-36 weeks of pregnancy. The fetal cardiac signals were obtained from the maternal abdominal wall
via non-invasive fetal electrocardiography (NI-FECG). The stress index (SI) was selected for evaluation among all
linear HRV variables. Cardiotocographic parameters (short-term variation (STV) and long-term variation (LTV))
were determined, along with cardiographic: AC (acceleration capacity) and DC (deceleration capacity). Results:
FGR was detected in 9 women. The fetal growth was appropriate in 31 patients. 8 patients were excluded from
the study. The detected variables of HRV in FGR were different, however statistical significance was impossible
to determine (small number of cases). A strong linear correlation was detected between all the HRV variables:
AC, DC, SI, STV, and LTV. Whereas, AC and DC had significant correlation with the 1-minute Apgar score. Mul-
tivariate regression analysis showed a statistically significant correlation of SI with the gestational age at birth.
Conclusions: Sl could be of use in the advancement of conventional FGR management and has potential for fur-

ther research.
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Introduction

Fetal growth restriction (FGR) has short-term and long-
term consequences on fetal and neonatal health and neu-
rodevelopment. The fluctuations of fetal hemodynamics
known as heart rate variability (HRV) reflect the fetus’s ability
to support nutrition and well-being. The HRV level is critically
dependent on autonomic regulation [1]. The autonomic mal-
function was found in FGR and reflected the delayed neuro-
logical maturation in growth-restricted fetuses [2].

Ultrasonography is the gold standard for FGR diagnosis [3].
However, several studies found that HRV variables were possi-
ble predictors of FGR [4-6] Studies performed over last decade
revealed the potential for ultrasonic cardiotocographic (CTG)
assessment of fetal heart rate fluctuations in low-resource
settings [7]. The use of fetal HRV in fetal growth assessment
was demonstrated. However, ultrasound is not neutral for the
fetus, therefore it could not be used for continuous Holter
monitoring. CTG is a mechanical reflection of cardiac rhythm,
but not the initial fluctuations in myocardium. Non-invasive
fetal electrocardiography (NI-FECG) is a potential technique
for obtaining cardiac signals through the maternal abdominal
wall. There are some challenges associated with low signal-
to-noise ratio [8]. This method was found to be an alternative
for cardiotocography anterpartum and during labor [9]. Sys-
tems for remote monitoring of fetal HRV via NI-FECG could
be a good option for low-resource settings. This technique
does not incur any major expense and helps calculate several
sensitive parameters of fetal distress. Remote monitoring is
appropriate during wartime [10].

NI-FECG captures primary electrophysiological processes
in the heart. The variations in the duration of cardiac cycles
reflect the continual changes in sympathovagal balance. Now-
adays, both linear and non-linear methods are used to proceed
with HRV. Some of them refer to sympathetic or parasympa-
thetic regulation. The growing fetus demonstrates increased
HRV in the process of neurological maturation. The known
marker of fetal neurological maturation is reactivity to its mo-
tile activity in a non-stress test. Autonomic regulation is dis-
turbed in fetal deterioration. Abnormally increased sympathet-
ic tone is a marker of fetal compromise. Stress index (Sl) is an
integrative variable that expresses the load on regulatory sys-
tems influenced by the sympathetic branch of the autonomic
function. Reflecting the central sympathetic circuit of hemod-
ynamic regulation, Sl is one of the most sensitive variables of
sympathetic activity [2, 11]. The phase rectified signal averag-
ing — acceleration capacity and deceleration capacity (AC/DC)
are useful in the assessment of fetal well-being [12]. The tech-
nique for AC/DC calculation is dependent on RR extraction in
NI-FECG and is a sensitive marker for fetal deterioration de-
tected in long- or short-term recordings. Several parameters
were obtained from CTG (Daws-Redman criteria) — short-term

variations (STV) and long-term variations (LTV). They are very
familiar and known to be useful in diagnosing fetal distress in
the event of a nonreactive non-stress test [13]. This research
was motivated by the speculation of decreased autonomic
regulation in FGR. Probably, the pathological fetal environ-
ment reflecting abnormal HRV variables causes insufficient
fetal growth. This study focused on detecting the correlation
between neonatal biometry parameters and HRV variables.

Material and methods

This descriptive cross-sectional study was performed
among pregnant women who were admitted to Kharkiv Mu-
nicipal Perinatal Center between 1 April 2024 and 30 June
2024. The data were obtained from the hospital records sys-
tem. Ethics approval was received from the Research Council
and Ethical Committee of Kharkiv National Medical Univer-
sity (No. 25.0224p). Informed consent was obtained from
all the patients. Patients from the Department of Maternal-
-Fetal Medicine were selected at random, using the auto-
mated numbers technique. FGR was diagnosed in case fe-
tal weight was lower than the 10% percentile according to
ultrasound. The ultrasonic investigations were performed
longitudinally following current clinical protocols [14]. Inclu-
sion criteria were: healthy pregnancy with appropriate fetal
growth, FGR. Whereas the exclusion criteria were: chromo-
somal abnormalities, multiple pregnancy, possible preterm
birth, pre-eclampsia, gestational diabetes mellitus, pre-exist-
ing medical disorders (e.g. diabetes mellitus, metabolic syn-
drome, cardiac diseases, renal disease, thyrotoxicosis).

All of the fetal HRV variables were obtained from an
RR-interval time series recorded from the maternal abdomi-
nal wall via the Cardiolab Baby Card NI-FECG device (XAl Med-
ica, Kharkiv, Ukraine). The recordings lasted 30-60 minutes.
The Sl was selected for evaluation among all linear HRV varia-
bles and calculated according to the formula below.

AMo (%)

3= (2xMoxVar)

Var = NNmax — NNmin

AMo (the most frequent NN interval value or the high-
est column in the histogram) — the number of NN intervals
included in the pocket corresponding to the mode measured
in percentages (%).

The obtained fetal RR interval time series was transformed
into a cardiotocographic (CTG) tracing and the following CTG
parameters were determined: short-term variation (STV) and
long-term variation (LTV). The AC/DC variables were also de-
tected [15]. All recordings were performed while the patients
were resting in a recumbent position after eating. The study
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protocol also included recording several other parameters:
gestational age at the time of investigation of HRV, gestation-
al age at birth, neonatal biometry at birth (neonate’s body
weight (gram), body length (sm), head circumference (sm))
and 1-minute Apgar score.

The Statistical Package for Social Sciences (SPSS) pro-
gram (version 25.0., IBM Corp., Armonk, USA) was used for
statistical analysis. The results were presented as means and
standard deviations for numerical variables, whereas for cat-
egorical data as frequencies and percentages. The relation
of the numerical variables to normal distribution was eval-
uated using skewness values and histograms. An independ-
ent sample t-test was used to compare the numerical vari-
ables that matched normal distribution. Variables that did
not conform to normal distribution were analysed with the
Mann-Whitney U test. The Chi-Square (or Fisher’s exact) test
was used for comparing categorical variables. Depending on
their distribution, Spearman or Pearson correlation analysis
was used to assess the correlations between numerical var-
iables. For multivariate examinations, a logistic regression
analysis with the entered model was used. Sample size was
calculated using confidence level 95% and margin of error 5%.
A p-value of < 0.05 was considered statistically significant.

A total of 48 females at 22-36 weeks of pregnancy were
enrolled. FGR was detected in 9 patients. The fetal growth
was appropriate in 31 patients. 8 patients were excluded from
the study due to diagnosis of gestational diabetes mellitus
(3 cases), severe pre-eclampsia (3 cases), and potential pre-
term birth (2 cases). The average age of the patients in the
study cohort was 24.1 * 6.8 years and the mean body mass
index was 26.5 * 7.2 (units). NI-FECG tracing was successful-
ly recorded in 100.0% of the patients. The detected variables
in the FGR were different (Table 1). However, the number
of patients was too small to determine statistical significance.
The gestational age at investigation, AC, DC, STV, LTV, gesta-
tional age at birth, body weight, body length, head circumfer-
ence, and Apgar score were lower in patients with FGR. Sl was
higher in growth-restricted fetuses.

Table 2 shows a significant or moderate correlation be-
tween the gestational age at investigation and all other pa-
rameters: AC (r = 0.44; p = 0.005), DC (r = 0.43; p = 0.006),
SI (r=-0.44; p=0.004), STV (r = 0.47; p = 0.002), LTV (r = 0.51;
p = 0.001), gestational age at birth (r = 0.34; p = 0.029), body
weight (r = 0.34; p = 0.033), body length (r = 0.4; p = 0.011);
head circumference (r = 0.4; p = 0.011), and the Apgar score
(r=0.46; p = 0.03). A strong or moderate correlation was de-
tected between all the HRV variables: AC, DC, SI, STV, and LTV.
AC and DC both demonstrated a significant correlation with

the 1-minute Apgar score. However, no correlation was found
between HRV variables and neonatal biometry at birth.

These results showed a linear correlation between ges-
tational age and fetal HRV, and the link between SI and ges-
tational age at birth following logistic regression parameters.
The linear correlation showed similarities and mutual origin
between AC, DC, SI, STV, and LTV. Correlations were found
between AC and Apgar score, as well as DC and Apgar score,
demonstrating the usefulness of these variables in diagnos-
ing fetal distress. However, the linear correlation did not pro-
vide evidence of a potential connection between fetal HRV
and neonatal biometry parameters. This outcome may have
been influenced by the significant time interval between fetal
NI-FECG recording and the time of birth. Probably, fetal HRV
reflected environmental conditions responsible for fetal
growth, maturation, and well-being during and after record-
ing. Since the non-stress test performed via CTG has no pre-
dictive value, the prognostic ability of NI-FECG is of interest
[16]. The relationships between fetal growth and maturation
throughout gestation were clearer. The verification of a pos-
sible link with body length and head circumference requires
further study on a larger cohort. This suggests that this tem-
poral HRV index may be associated with the anthropometric
parameters of newborns.

FGR is a multifactorial disturbance of fetal nutrition caus-
ing short- and long-term consequences. Severe maternal co-
morbidities or gestational complications were not included
in this study. Such methodology helped determine the rela-
tions between fetal HRV and growth without any repercus-
sions from maternal autonomic dysfunction. However, the
aetiological reason for FGR is still under question or undeter-
mined in the majority of cases. Idiopathic FGR is associated
with placental disorders [17]. Therefore, screening for FGR
is a key point in the management of patients. The humani-
tarian crisis caused by armed conflict necessitates the use
of low-resource techniques. During armed conflict, access
to obstetric care can be limited (e.g. due to the urgent need
to relocate or to stay in a bomb shelter), thus increasing the
need for reliable wireless fetal monitoring technologies. Our
results demonstrated a certain potential for NI-FECG in meas-
uring fetal growth, further research involving a larger study
cohort is required. This technique could promote better wire-
less monitoring in the event of fetal arrhythmia or any suspi-
cion of fetal deterioration.

The generalizability of this study is limited by the small
number of observed FGR cases. Lower gestational age at birth
in FGR was to be expected. The long time interval between
NI-FECG and delivery could be also a limitation for this research.
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Table 1. Descriptive statistics of the variablesin the study cohort

el §
Parameter (units) E E Mean + SD
£ =
ﬁiﬁf?&?{!:%i:ékQ Appropriate | 31 |30.97 |5.47 |20 |36 30.97 % 5.47
FGR 9 28 4.44 23 36 28 + 4.44
AC (ms) Appropriate | 31 1.93 0.51 1.28 | 3.71 1.93 £ 0.51
FGR 9 1.57 0.72 0.77 | 3.07 1.57 £ 0.72
DC (ms) Appropriate | 31 2.3 0.65 1.24 |4 2.3 = 0.65
FGR 9 1.81 0.93 0.78 | 3.61 1.81 £ 0.93
SI (conventional units) Appropriate | 31 929.48 433.83 | 326 | 2167 929.48 + 433.83
FGR 9 1370.11 | 952.09 | 251 3102 1370.11 + 952.09
STV (ms) Appropriate | 31 7.12 2.44 2.5 13 7.12 £ 2.44
FGR 9 5.74 3.31 1.2 11.6 5.74 = 3.31
LTV (ms) Appropriate | 31 36.12 10.72 17.1 | 58.7 36.12 £ 10.72
FGR 9 32.54 18.58 9.3 71 32.54 £ 18.58
fv‘::z?(ts';’"a' age at birth Appropriate |31 |37.61 |2.12 |32 |41 37.61 % 2.12
FGR 9 32.89 4.7 26 38 32.89 £ 4.7
Body weight (grams) Appropriate | 31 3189.68 | 790.39 | 1800 | 5530 3189.68 + 790.39
FGR 9 1598.89 |914.84 | 410 | 2660 1598.89 + 914.84
Body length (cm) Appropriate | 31 51.55 5.49 39 62 51.55 £ 5.49
FGR 9 38.44 7.5 27 48 38.44 £ 7.5
Head circumference (cm) Appropriate | 31 34.03 1.97 30 38 34.03 £ 1.97
FGR 9 27.22 5.31 19 34 27.22 £ 5.31
Apgar score (points) Appropriate | 31 7.87 1.12 5 9 7.87 £1.12
FGR 9 5.11 3.1 0 8 5.11 £ 3.1

AC — acceleration capacity; DC — deceleration capacity; LTV — long-term variations; SD — standard deviation; S| — stess index;

STV — short-term variation
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Table 2. The correlation and significance between the detected variables in the study cohort

Q
(= o
— ° -_— = = (8] ()]
I cE ) B 5 5
SmoE =) ) c a g
Parameter 0.2 B 3 2 = L
o Of s © > > £ ©
5% 52| ¥ | | 5| B
o £ O a @ £ <
Gestational
age at q -
investigation Correlation | 1 0.44 0.43 0.44 | 0.47 0.51 0.34 0.34 0.4 0.4 0.46
(weeks)
p .005 |.006 |.004 |[.002 |.o001 .029 .033 .011 .011 | .003
AC (ms) Correlation | 0.44 1 0.87 |-0.64 (0.86 |0.84 |[0.21 0.05 0.16 0.23 |0.34
p .005 <.001 | <.001|<.001|<.001 |.186 |.78 .337 162 | .032
DC (ms) Correlation | 0.43 0.87 |1 -0.62 |0.91 (0.84 |0.19 |0.04 0.14 |0.2 0.37
p .006 < .001 <.001 | <.001 | <.001 |.231 .802 .39 226 | .018
Sl
(conventional | Correlation | -0.44 -0.64 |-0.62 |1 -0.72 |-0.8 -0.13 0.07 -0.1 -0.15 |[-0.24
units)
p .004 < .001 | < .001 <.001 | <.001 |.428 |.668 .551 369 |.131
STV (ms) Correlation | 0.47 0.86 0.91 -0.72 |1 0.96 0.1 0.01 0.13 0.19 0.27
p .002 < .001 | < .001 | < .001 <.001 |.538 |.975 413 .233 | .088
LTV (ms) Correlation | 0.51 0.84 0.84 -0.8 0.96 1 0.08 -0.04 0.09 0.16 0.2 3
P .001 < .001 | < .001 | < .001 | < .001 .631 .808 .56 334 | .148
Gestational
age at birth Correlation | 0.34 0.21 |0.19 [-0.13 |0.1 0.08 1 0.83 |0.82 |0.67 |0.72
(weeks)
p .029 .186 |.231 |.428 |[.538 |.631 <.001 | <.001 |<.001 |<.001
(B;r‘;‘;n"svfight Correlation | 0.34 0.05 |0.04 |0.07 |0.01 |[-0.04 |0.83 |1 0.92 |0.84 |0.68
P .033 .78 .802 |.668 |.975 |.808 < .001 < .001 | < .001 | < .001
'(3s°n‘,’];’ length | - relation | 0.4 016 |0.14 |-0.1 |0.13 |0.09 |0.82 |0.92 |1 0.85 |0.74
p .011 337 | .39 551 | .413 |.56 < .001 | < .001 < .001 | < .001
Head
circumference | Correlation | 0.4 0.23 0.2 -0.15 0.19 0.16 0.67 0.84 0.85 1 0.71
(sm)
p .011 162 | .226 [.369 |.233 |.334 <.001 | <.001 | < .001 < .001
?F‘)’(gflzss)c”e Correlation | 0.46 0.34 |0.37 |-0.24 |0.27 |0.23 0.72 |0.68 |0.74 [0.71 |1
p .003 .032 |.018 |.131 |.088 |.148 <.001 | <.001 | <.001 | < .001

AC — acceleration capacity; DC — deceleration capacity; LTV — long-term variations; Sl — stess index; STV — short-term variation
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Table 3. Multivariate logistic regression model with SI coefficient

Variable Unstandardized | Standardized 959% confidence

Coefficients Coefficients interval for B

Standard
error
L%V:re‘; upper bound

(Constant) 7313.09 1549.82 4,72 < .001 | 4143.7 10482.47
Gesmienel es | g o -0.07 15.68 -0.53 | .598 |-40.43 |23.7
at investigation
AC 102.67 0.1 281.71 0.36 .718 -473.44 | 678.77
DC 154.43 0.19 254.29 0.61 .548 -365.59 | 674.46
STV -64.8 -0.29 92.03 -0.7 .487 -253 123.4
LTV -21.3 -0.45 14.36 -1.48 | .149 -50.66 8.07
CesimilenEl 250 | g 0.6 47.47 2.2 |.036 |-201.72 |-7.57
at birth
Body weight 0.4 0.69 0.22 1.83 |.078 -0.05 0.84
Body length 3.33 0.04 34.94 0.1 .925 -68.13 74.78
Head
circumference -106.37 -0.73 51.97 -2.05 | .05 -212.65 |-0.09
Apgar score 87.68 0.3 79.13 1.11 277 -74.14 249.49

AC — acceleration capacity; DC — deceleration capacity; LTV — long-term variations; STV — short-term variations

In addition, the findings were not corroborated by repeating
NI-FECG prior to delivery. Receiver operating characteristic

analysis could be the next stage in investigating efficient diag- The author appreciates the help of the Staff of the Kharkiv

nostic algorithms based on fetal NI-FECG. Since FGR is a model Municipal Perinatal Center.

for the study of fetal programming, the investigation of fetal
autonomic maldevelopment could help to create novel ante-
natal markers for the diseases of adulthood. FGR is associated Conflict of interest
with an increased rate of cardiac abnormalities and arrhyth-

mia. The systems based on NI-FECG can improve wireless fetal The author declares no conflict of interest.
monitoring [2, 18].

SI demonstrated a correlation with gestational age at ceived for this study.

The author declares that no financial support was re-

birth. This variable could be of use in the advancement of
conventional management of FGR and has potential for fur-
ther research. Data availability

All data and materials are available from the author.
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