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V poslednich desetiletich se znacny zéjem soustfeduje na studium vlivu autonomniho (vegetativniho) ner-
vového systému na srdce a jeho hodnoceni jako prediktoru mortality v dusledku postizeni srdce a rozvoje
kardiovaskularnich komplikaci. Analyza variability srdec¢ni frekvence (heart rate variability, HRV) pfedstavuje
jednoduchou, neinvazivni a bezpe¢nou metodu studia regulace kardiovaskularniho systému clovéka auto-
nomnim nervovym systémem. Podle nékterych autorli mlize - u pacienti se strukturdlnimi defekty septa
- zmenseni HRV v dGsledku objemového pretizeni srdce vyvolat zvyseni tlaku v srdecnich oddilech, pfipadné
dysfunkci baroreceptorl s naslednym vegetativnim doprovodem. Béhem operace muze velmi snadno dojit
k naruseni homeostazy neurovegetativniho systému, z ¢ehoz vyplyvd moznost vlivu periopera¢niho stresu na
autonomni nervovy systém. Pres cetné studie stéle jesté existuje holisticky pfistup k hodnoceni odpovédi or-
ganismu na chirurgické vykony u pacientl podstupujicich kardiochirurgické vykony. Obecné plati, Ze snizena
HRV po kardiochirurgickych vykonech se v pooperaénim obdobi béhem nékolika mésicd vraci k normalu.
Tento ¢lanek je prehledem literatury s charakteristikami HRV u pacientt s defektem septa sini i jeji dynamiky
po chirurgické a endovaskularni korekci defektu pod rentgenovou kontrolou. Clanek rovnéz upozorfiuje na
moznou patofyziologii uvedenych abnormalit autonomniho systému.

© 2019, CKS.

ABSTRACT

Over the recent decades, study of vegetative influence on the heart and its evaluation as a predictor of mor-
tality due to cardiac problems and development of cardiovascular complications raised a considerable inte-
rest. Heart rate variability (HRV) analysis is a simple, noninvasive and safe method to study vegetative regu-
lation of the human cardiovascular system. In the view of some authors, in patients suffering from structural
heart defects, a decrease in HRV due to volume overload of the heart may cause elevation of pressure in the
heart cavities, possible dysfunction of baroreceptors and can result in vegetative imbalance. During surgery,
the neurovegetative homeostasis is extremely vulnerable that makes one think about the surgical stress
influence on the autonomic nervous system. Despite numerous studies, there is still no holistic approach
in determining the body response to surgical interventions in cardiosurgical patients. Generally, decreased
heart rate variability after cardiac surgery gradually restores in the postoperative period within several
months. This article is a literature review of the data on the characteristics of HRV in patients with atrial
septal defect (ASD), as well as the regularities of its dynamics after surgical and X-ray endovascular correc-
tion of the defect. The article also highlights possible pathophysiology of these vegetative abnormalities.
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Introduction

Heart rate variability (HRV) is a physiological feature that
characterizes vegetative regulation of the heart rhythm.
The interest to study HRV appeared more than 40 years
ago, when the association of the decrease in HRV in pa-
tients with acute myocardial infarction (AMI), with an
increase in mortality in this group of patients was first
described."” Currently, the analysis of HRV is actively stu-
died in the clinical practice to determine the influence
of parasympathetic and sympathetic systems on the sinus
node function, as well as the likelihood of cardiovascular
complications and lethality.?* Decrease in HRV has been
described in patients with various heart diseases, such as
ischemic heart disease (IHD), including AMI, congestive
heart failure (CHF), mitral insufficiency of various etiolo-
gies, as well as in patients with congenital heart disease
(CHD), including atrial septal defect (ASD).**

Secondary ASD holds one of the leading positions
among heart defects and is found in 10% of cases among
all CHDs diagnosed in infancy. Moreover, in adulthood, it
occurs in 30-40% of cases.” HRV decrease at ASD has been
described for both temporal and frequency ranges of the
HRV spectrum, with assumptions being made about the
etiology of changes in autonomic nervous system activity
in this category of patients.®®

The current article is a review of literature data on the
characteristics of HRV in patients with ASD, as well as the
patterns of its dynamics after surgical and X-ray endo-
vascular correction of the defect. The article also high-
lights the possible pathophysiology questions of these
vegetative features.

The main idea and clinical application of HRV

HRV is a physiological marker of the effects of the auto-
nomic nervous system on the regulation of heart rhythm.
In 1996, a team of scientists from the European Society
of Cardiology and the North American Society of Electro-
physiology issued recommendations on the standards for
the determination of HRV, physiological interpretation of
results and clinical application of the method.' In Russia,
the first symposium on mathematical analysis of the heart
rhythm was held in Moscow in 1966, the first monograph
on HRV was published in 1984, and recommendations for
the analysis of short HRV records appeared in 1999.""12
HRV can be evaluated in several ways. The simplest of
these is the assessment of the time range. It uses para-
meters such as standard deviation of R-R (NN) intervals
(SDNN); percentage of consecutive intervals differing by
more than 50 ms (oNN50); square root of the mean sum
of squared differences between adjacent normal R-R in-
tervals (r-MSSD); the mean value of standard deviations
of R-R intervals for all 5-min fragments (SDANN), etc.
A lot of research work around the world has been devo-
ted to the study of the physiological and clinical signifi-
cance of the said time-domain parameters of HRV. There
is an opinion that the overall tone of the autonomic ner-
vous system can be assessed from the value of the SDNN
parameter; the tone of the parasympathetic nervous sys-
tem can be assessed according to pNN50 and r-MSSD; the

tone of the sympathetic nervous system can be assessed
according to SDANN."?

Various methods of spectral analysis of HRV have been
proposed since the late 1960s. Spectral analysis makes it
possible to study the variability of the heart rhythm in
dynamics, while time-domain methods show only the
averaged variability parameters over a fixed time inter-
val. Currently, the following parameters are used to ana-
lyze the spectral range of HRV: maximum total power of
the spectrum (Total Power, TP), high-frequency spectral
power (High Frequency, HF: 0.15-0.35 Hz), low-frequen-
cy spectral power (Low Frequency, LF: 0.05-0.15 Hz), very
low-frequency spectral power (Very Low Frequency, VLF:
0.0033-0.05 Hz) and ultra-low frequency spectral power
(Ultra Low Frequency, ULF: 0-0.0033 Hz) of components,
as well as the LF/HF ratio.

The main problem of spectral analysis is the evalua-
tion of the physiological and clinical significance of the
obtained results.? Nevertheless, according to the classi-
cal physiological interpretation, for the short stationary
recording sections (5-min samples), the high-frequency
component of the spectrum (HF) reflects primarily the
level of respiratory arrhythmia and parasympathetic in-
fluences on the heart rhythm, the low-frequency compo-
nent (LF) — mainly sympathetic influences, but parasym-
pathetic tone also affects its formation.'* Sometimes the
ratio of low frequencies to high frequencies (LF/HF) that
reflects the level of vagosympathetic balance is also being
calculated, although it is believed that this ratio can serve
as an indicator of the activity of the sympathetic part of
the autonomic nervous system. The LF/HF index shows its
clinical effectiveness, in particular in the diagnosis of po-
storthostatic tachycardia and syncopal conditions caused
by vegetative dysfunction.'

The clinical evaluation of the peculiarities of vegeta-
tive regulation and its influence on the cardiovascular
system is of great interest both in adult and in pediat-
ric cardiology, since HRV analysis can be used to assess
the risks of cardiovascular complications and mortality in
patients with cardiovascular pathology."”® The negative
effect of the dominance of sympathetic activity over the
parasympathetic activity and, on the contrary, the pro-
tective role of the predominance of vagal activity in pati-
ents with diseases of the cardiovascular system are widely
described in the literature. The features of treatment ai-
med at decreasing sympathetic activity and/or increasing
vagal activity have been shown to reduce mortality from
cardiac causes.™

HRV in case of ASD

The hemodynamics of isolated ASD is characterized by
the presence of a communication at the level of the atria,
leading to left-right venting, volume overload and, sub-
sequently, to an increase in the right heart, increased
pulmonary artery pressure and its expansion. It has now
been proven that a prolonged overload of the right atri-
um, right ventricle, and pulmonary artery leads to the
development of CHF, and also increases the risk of arrhy-
thmias and thromboembolic complications, which natu-
rally increases lethality."



44

Heart rate variability in atrial septal defect

Patients with ASD with enlarged right heart have
a decrease in HRV for both adults and children. It is im-
portant, however, to note that HRV in children is genera-
lly increased during the first 2 years of life. It is subjected
to significant fluctuations that depend on age, which in
turn is associated with high dynamics of heart growth.
This complicates the analysis of HRV in children of this
age.’®

Finley et al. in their research analyzed the age-depen-
dent changes of HRV."” The study included 29 healthy in-
dividuals without concomitant pathology (17 men and 12
women), who were distributed in three groups: 9 young
people aged 20-24 years, 9 teenagers aged 10-12 years
and 11 children aged 5-7 years. The rhythm of the heart
and respiratory waves were recorded in a standing and
lying position for 3-4 min. As a result, the following data
were obtained: the values of LF and HF decreased with
age in the prone position. The greatest difference was
noted between groups of adolescents and children. In
all three groups, there was a wide variability in the LF
parameter, which was most pronounced in the group of
children (more than 100 ms?). As for the high-frequency
spectrum, its variability was lower than in the low-fre-
quency spectrum, in all groups. The vagosympathetic in-
teraction index (LF/HF) decreases with age, the greatest
change was observed between 5 and 12 years. In the stan-
ding position, the results were similar.

The same Finley et al. in further researches, as well as
Massin and his group, showed a significant decrease in
the temporal parameters of HRV in children with ASD and
showed an increase in the sympathetic activity of heart
regulation and a decrease in parasympathetic activity.'®

In the work of Bakari et al.,® the HRV analysis was per-
formed both in the time and frequency ranges. 28 pa-
tients with ASD at the age of 4.5 years to 8.7 years and 32
healthy children of the same age without hemodynamic
disorders were studied. The analysis of time- and frequen-
cy-domain parameters was carried out. All HRV parame-
ters appeared to be decreased in children with ASD com-
pared with healthy children. The SDNN parameter in sick
children was 103.0 + 50.6 ms, while in the control group
this parameter was 138.7 + 36.2 ms. The r-MSSD parame-
ter in the group of children with ASD was 41.3 +32.9, and
in the control group — 69.0 = 34.2 ms. In the frequency
spectrum, a significant decrease in the total power of the
spectrum was revealed, as well as a decrease in HF and
LF/HF. The obtained results showed a decrease in HRV in
both methods of analysis, which confirms the dominance
of sympathetic activity and a decrease in vagal effect in
children with ASD."

The decrease in HRV, according to several authors, is
associated with a volume overload of the right heart,
which leads to an increase in the end-diastolic pressure
in the right ventricle and possible dysfunction of the ven-
tricular baroreceptors and, consequently, to a violation
of the sympathetic balance.®'®'® Massin and Fergusson
report that the dependence of the decrease in HRV on
the degree of hemodynamic changes in case of the heart
defect, such as increased right ventricular pressure and
pulmonary hypertension.®2

Hata et al. in their paper made an interesting compari-
son of HRV parameters in two groups of patients: with

ASD and a ventricular septal defect (VSD) to confirm the
hypothesis of HRV relations with anatomical and hemo-
dynamic changes.?' For this, the correlation between HRV,
respiratory vibrations (RSA — the amplitude of respiratory
sinus arrhythmia) and the ratio of pulmonary blood flow
to the systemic one, measured with the help of echocar-
diogram (Qp/Qs parameter) was evaluated. The study in-
cluded 43 children with ASD at the age of 4.6 + 3.6 years
and 40 children with VSD at the age of 4.1 + 6.4 years. All
children underwent spectral analysis of HRV, as well as an
assessment of RSA and Qp/Qs.

As a result, it was shown that LF/HF ratio and Qp/Qs pa-
rameter have an average but positive correlation in both
groups of patients (in the group with ASD r = 0.6, in the
group with VSD r = 0.47). The ratio of low-frequency os-
cillations to respiratory vibrations (LF/RSA) also positively
correlates with Qp/Qs in the group with ASD (r = 0.65),
and negative correlation in the group with VSD (r = 0.41).
In the group of patients with ASD there was a negative
correlation between respiratory vibrations and the to-
tal power of the RSA/TP and Qp/Qs spectrum (r = —0.58),
whereas in patients with VSD these correlations were
positive (r = 0.58). While the hemodynamics of both de-
fects is characterized by the presence of a left-right dis-
charge with an overload of the right heart, the effects of
an increase in volume and pressure in the atrium or ven-
tricle appear to be different, which is manifested in vari-
ous changes in HRV. An overload of the right atrium with
volume and pressure in case of ASD leads to the atrium
overstretching and a decrease in the respiratory vagal in-
nervation of the sinus node (negative correlation of RSA/
TP and Qp/Qs). In case of VSD, an increase of pressure in
the pulmonary artery is the cause of a decrease in HRV,
and the LF/RSA and RSA/TP parameters show an increase
in the respiratory vagal activity associated with an in-
crease in Qp/Qs. The change in HRV in patients with ASD
and VSD shows the involvement of respiratory stretch
receptors, associated with respiratory movements, and
baroreceptors in the right atrium that contribute to the
high-frequency component of HRV.

Supraventricular cardiac arrhythmias in patients with
ASD are the result of stretching and dilatation of the right
atrium. Supraventricular cardiac tachyarrhythmias are of-
ten found in adult patients with secondary ASD and lead
to a significant increase in the incidence of cardiovascular
events in this category of patients.??

Edwards et al. showed that the atrial stretching (as
a result of volume overload) is the main factor stimulat-
ing the secretion of the atrial natriuretic peptide. Accord-
ing to the results of this study, it can be assumed that
the lack of volume and pressure overload, as well as a de-
crease in the influence of neurohumoral factors, leads to
the normalization of HRV in patients with ASD.?

Horner et al. in their experimental study on pigs
showed that mechanical stretching of the zone of the
sino-atrial node in the right atrium due to volume over-
load of the right heart can affect HRV via the direct effect
on a slow diastolic depolarization through mechanically
activated heart channels or through the afferent nerve
stretching reflex.?

Bakari et al. also describe a connection between tachy-
cardia with an increase in LF variability and a decrease
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in HF variability. The increase in the right atrium that is
characteristic of this defect is considered by the authors
to be responsible for respiratory vibrations “muffling”.
According to their paper, this explains the decrease in
HRV revealed by spectral analysis. The progressive de-
crease in the time- and frequency-domain parameters of
HRV reflects a decrease in the nervous regulation of the
sinoatrial node, which appears due to an increase in the
level of norepinephrine in the blood plasma, and authors
call it as one of the factors that lead to the development
of supraventricular arrhythmias.®

Features of HRV dynamics after surgical
and endovascular correction of ASD

Currently, the fact of the surgical treatment of ASD ne-
cessity is undeniable, however, the search for an “ideal”
method of the disease correction continues to this day.
Increasingly, the literature describes the benefits of ca-
theter closure of the ASD with an occluder, as a safe and
effective procedure that is simple in technical terms and
has a small number of possible complications, as well as
shorter periods of the patient’s stay in the hospital. At the
same time, catheter closure of ASD has a number of limi-
tations, such as the anatomical location of the defect or
the age of the child. This makes the procedure impossible
and leads to the need for open surgery under conditions
of artificial blood circulation (ABC).?>%6

There are many non-specific factors, both at the stage
of preoperative preparation of the patient, as well as dur-
ing the intervention, which may influence the decrease
in HRV after the operation (for example, stress, pain, and
medications receipt). The most important factor that af-
fects the dysfunction of the autonomic nervous system is
the IR itself.

Heragu and Scott describe the decrease in all time- and
frequency-domain parameters of HRV in a group of 36
children with various congenital heart defects aged from
2 weeks to 15 years after 6 days from the open heart sur-
gery compared with the control group of healthy chil-
dren. In the group of children, the SDNN parameter after
the operation was 48 + 22 ms, while in the control group
its value was 93 + 41 ms. The LF and HF spectra were also
sharply decreased. The authors suggest a possible connec-
tion between the decrease in HRV and a decrease in the
sensitivity of the sinus node to the autonomic stimulation
in the early postoperative period.®

Finley et al.’® in their study showed that HRV in chil-
dren with ASD is significantly decreased when compared
with a healthy group of children, but all parameters in-
crease and approach the parameters of healthy patients
after surgical correction. The authors studied children
with ASD at the age of 4-16 years (n = 10) who made up
the comparison group, and 10 practically healthy children
aged 5-7 years who made up the control group. All the
sick children had no clinical manifestations of the defect,
but there were signs of a volume overload of the right
heart in the X-ray and ultrasound studies. The HRV analy-
sis was performed in the time and frequency ranges. Prior
to surgery, a significant decrease in SDNN was observed
in sick children compared to the control group. A similar

picture is described for the frequency spectrum. All chil-
dren of the first group underwent ASD suturing or plastic
surgery under conditions of infrared radiation. The HRV
parameters in them immediately after the operation re-
mained lowered (compared to the control group), which,
likely, was due to a complex of factors including both the
artificial circulation, the painfulness of the operation,
and duration of the postoperative period in the hospital,
as well as stress. The authors of the study emphasize that,
despite the residual decrease in HRV after the operation,
its parameters still increased in comparison with the data
before the operation, which confirms the relationship of
HRV with anatomical changes in the heart. The main fac-
tors influencing the development of sinus arrhythmia in
healthy individuals are right atrial dilatation that is as-
sociated with an increase in systemic venous return, and
inhibition of the carotid sinus reflex upon inhaling, which
leads to the development of tachycardia. Due to the he-
modynamics of ASD (volume overload of the right half of
the heart), respiratory waves are muted, which can con-
tribute to a decrease in HRV.

In contrast to the surgical method, in the case of cath-
eter closure of ASD, all parameters of HRV demonstrate
a significant early increase in the post-procedure.®?” Such
results may be due to less invasive intervention, than af-
ter surgical closure of ASD.

Biatkowski et al.?” in their comparative study describe
19 children aged from 2.5 to 14 years with non-symptom-
atic ASD, who were divided into two groups: 11 children
had implantation of the occluder, whereas other 8 chil-
dren were performed surgical closure of ASD. The tempo-
ral parameters of HRV were analyzed. Before the opera-
tion, the HRV of children in both groups did not differ.
Thus, SDNN in the group with implanted occluder was 94
+ 14 ms, and r-MSSD - 32 = 11 ms; the group with the
surgery — 85 = 25 ms and 32 + 15 ms, respectively. The
authors describe the increase in HRV parameters in the
period from 1 to 3 months after implantation of the oc-
cluder. The SDNN and rMSSD parameters were 119 + 23
ms and 40 + 10 ms after 1 month and 135 + 27 ms and 46 +
10 ms after 3 months respectively. The difference was sta-
tistically significant in the dynamics for SDNN and SDANN
after 1 month (p < 0.05) and for all HRV parameters after
3 months (p < 0.01).

In contrast, in the group with ASD surgery, there was
an even greater decrease in all HRV parameters com-
pared to the initial ones and 1 month after intervention
(p <0.001). Three months after the operation, the param-
eters of the HRV significantly increased (p = 0.005) when
compared with the measurements 1 month from the op-
eration, but did not reach the values of the HRV of the
endovascular group. The SDNN and r-MSSD parameters
in 1 month were 60 + 13 ms and 19 + 7 ms, respectively,
while after 3 months the parameters increased to 112 +
37 ms and 30 = 12 ms, respectively.

The authors consider the lack of a spectral analysis of
HRV as a major drawback of their research, which, ac-
cording to many researchers, is the best indicator of the
activity of vegetative regulation of the heart.

Ozyillmaz et al.® in their study observed children with
ASD before and after the endovascular treatment. The
criteria for inclusion in the study were: ASD of more than
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12 mm in diameter; signs of congestion of the right heart
according to ECHO data and the possibility of catheter
closure of the defect. The time and frequency ranges of
HRV were analyzed by daily monitoring of the ECG ac-
cording to the Holter. In total, the study included 47
children with ASD (mean age - 9.6 years), who made up
the study group. The control group included 30 almost
healthy children without hemodynamic disorders (mean
age — 10.4 years). HRV parameters were assessed the day
before implantation of the occluder, the day after the
procedure and 6 months later. As a result, the data ob-
tained showed a decrease in the time-related parameters
of HRV in the study group before the operation com-
pared with the control group. The SDNN and r-MSSD pa-
rameters in sick children before the operation were 90.3
+28.1 ms and 42.3 + 22.4 ms, respectively, with SDNN and
r-MSSD values equal to 137.5 + 42.5 ms and 58.1 + 28.5
ms, respectively, in the control group. The next day after
the catheter correction of the defect, the parameters of
the time range of HRV in patients showed a significant
increase. The SDNN was 108.3 + 26.2 ms, and the r-MSSD
was 59.0 + 27.4 ms. After 6 months, the parameters of the
time range of HRV in sick children were comparable to
the control group.

The spectral analysis initially showed increased param-
eters of the LF spectrum and decreased parameters of the
HF spectrum in ill children compared to those in the con-
trol group: LF = 58.63 + 13.23 ms? in the group of patients
and 45.69 + 15.13 ms? in the control group; HF was 29.78
%+ 10.65 ms? in the group of patients and 44.29 = 13.14
ms? in the control group. These results perfectly correlate
with the hypothesis of an increase in parasympathetic ac-
tivity and a decrease in sympathetic activity in patients
with ASD. Immediately after the procedure, there is a no-
table decrease in parasympathetic activity (LF = 46.83 +
14.38 ms?) and an increase in sympathetic activity (HF =
34.51 = 10.15 ms?). After 6 months, the parameters of the
frequency spectrum turned out to be the same as in the
control group (LF = 50.40 + 24.09 ms?, HF = 39.28 + 19.86
ms?). The authors consider the confirmation of a decrease
in both HRV ranges in patients with ASD compared with
the control group, an increase in the parameters in the
early postoperative period and their normalization in
6 months after the intervention as the most important
conclusions. The obtained results can be explained by
changes in the autonomic regulation of the cardiovascu-
lar system, namely, in the increase of vagal activity and in
the decrease in sympathetic activity.

The study of Cansel et al.® is devoted to the study of the
influence of the endovascular treatment of ASD on HRV
in adult patients. The study included 30 patients with ASD
(diameter from 8.8 mm to 22.4 mm) at the age of 18-64
years who made up the study group and 30 people with-
out hemodynamic disorders aged 19-40 years who made
up the control group. The HRV parameters were studied
before and after the interventional treatment of ASD and
were also compared with the control group. HRV analysis
was performed in the time range and showed that the
HRV parameters in the study group before implantation
of the occluder significantly differed from the control
one. Thus, SDNN was 103.9 + 29.4 ms in the group of pa-
tients and 139.2 + 30.3 ms in the control group; the r-MS-

SD in the group of patients was 27.1 + 16.1 ms and 31.1 =
7.9 ms in the control group. The occluder was implanted
in all patients. The repeated HRV analysis was performed
6 months after the surgery and showed normalization of
HRV parameters. The SDNN parameter was 131.1 + 41.3
ms, the r-MSSD parameter was 31.5 + 13.8 ms. This study
once again emphasizes the effect of changes in hemody-
namics in case of ASD (overload of the right heart with
volume) on the temporal parameters of HRV.

The weakening of the influence of the autonomic ner-
vous system is associated with an increased risk of sud-
den death in patients with congenital heart diseases.?®
The above-mentioned studies demonstrate a decrease in
vagal activity and HRV parameters in patients with ASD,
which is associated with hemodynamic changes. In both
adults and children with ASD, the closure of the defect
leads to an increase in vagal influences and a decrease in
sympathetic activity, which is manifested in an increase
in the HRV parameters in the time and frequency range
with their normalization in 3-6 months. This can be ex-
plained by a decrease of the blood volume flowing into
the right atrium, due to the elimination of left-right drop
at the level of the atria.

Conclusion

The change in hemodynamics in case of ASD, namely, the
volume overload of the right heart and the development
of pulmonary hypertension, as well as the change in the
geometry of the right heart with this defect, according
to the literature, leads to a change in the autonomic ner-
vous system functioning and to a decrease in HRV para-
meters in both temporal and frequency range.

Taking the hemodynamics of ASD into account, we can
assume similar HRV characteristics in case of other pale
vices, however, these changes in patients with ASD and
VSD correlate differently with Qp/Qs (ratio of pulmonary
blood flow to systemic).?' This fact suggests that a key role
in the characteristics of HRV in case of ASD is played by
an overload with volume and pressure of the right atrium
only and not of all sections of the right heart. Experimen-
tal studies show that mechanical stretching of the sinus
node in the right atrium can directly affect the function
of the autonomic nervous system through mechanically
activated channels of the heart or through the afferent
nerve of the stretching reflex.?*

The treatment of ASD is aimed at the elimination of
the left-right discharge of blood, and, as a consequen-
ce, the elimination of the geometric changes in the heart
caused by the volumetric overload. The consequence of
the reverse heart remodeling is, apparently, the norma-
lization of HRV. Both surgical and transcatheter correcti-
on of ASD meet the outlined above conditions, however,
each method has its limitations. According to available
data, the recovery of HRV occurs more rapidly after en-
dovascular treatment. Moreover, this method is deprived
of such factors that accompany cardiac surgery, as a seve-
re postoperative period, the use of infrared radiation, as
well as such nonspecific factors as pain and fear, which
undoubtedly contribute to the change in HRV after an
open heart surgery.
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The possibilities and prognostic significance of the cli-
nical use of HRV encourage researchers to further deve-
lop mathematical methods for HRV analysis, as well as to
search for new techniques for studying the features of
vegetative regulation of the circulatory system and their
clinical significance in various pathologies.?*-32 The conti-
nuation of the problem studying can help in understan-
ding the connection of autonomic regulation of the he-
art with the development of postoperative complications
and mortality in this category of patients. This will also
lead to the creation of diagnostic criteria for identifying
patients at a high risk.
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