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Abstract

Early non-invasive diagnosis of structural changes in the heart plays an important role in optimizing approaches to preventing
dangerous rhythm disorders at a young age.

Aim: To study the phenotypic features of nonspecific connective tissue disorder (NCTD) in relation to the myocardial strain and
the level of N-terminal pro-brain natriuretic peptide (NT-proBNP) in patients with cardiac arrhythmias and NCTD.

Results. There was an association between a local longitudinal left ventricular (LV) strain and pectus excavatum (r, = 0.234,
p = 0.008), joint hypermobility syndrome (r, = 0.406, p = 0.026), spinal scoliosis (r, = 0.266, p = 0.003), mitral valve prolapse
(MVP) (r, = 0.519, p = 0.003), diagnostic threshold of NCTD (r, = 0.395, p = 0.031) in patients with arrhythmias and NCTD;
there was an inverse weak to moderate association of body mass index (BMI) and myocardial strain in a number of LV seg-
ments. There was a significant relationship between NT-proBNP and diagnostic threshold of NCTD (r, = 0.496, p = 0.001),
mitral valve prolapse (r, = 0.469, p = 0.002).

Conclusion. Chest deformity, spinal scoliosis, joint hypermobility, mitral valve prolapse and BMI decrease in patients with
arrhythmic syndrome and NCTD are associated with the myocardial strain and NT-proBNP level that can be used for the early
identification of myocardial remodeling in this patient cohort.
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AHHOTAUMS

CBoOeBpeMeHHas HeMHBa3NBHAas OMarHOCTUKA CTPYKTYPHbIX M3MEHEHWI Cepaua urpaeT BaxHYK pornb Ans ONTUMM3aumu
NoAxo[o0B K NpodmnakTuke BO3HMKHOBEHNS OMacHbIX HapyLLEHWUI puTMa B MONO40M BO3pacTe.

Lenb: n3yunts deHoTunnyeckme ocobeHHocTn HeanddepeHunMpoBaHHON aucnnasnm coeguHmtensHon Tkanum (HOCT) Bo
B3aMMOCBSA3U C MUOKapAmnanbHbIiM cTpernHoM u ypoBHeM (NT-proBNP) y nauneHToB ¢ HapyLueHuamy putma cepaua npy HOCT.
MaTtepuan n metoabl. B nccnegosaHve BknmtodeHbl 127 naumeHToB mMonoaoro Bo3pacta (18-44 roga) ¢ apuTMUYecKum
cnHgpomom Ha ¢oHe HOCT (rpynna 1), HabnoaaBLIMXCS B YHUBEPCUTETCKOM KnMHUKe, 1 30 40OpOBONbLUEB C €OUHUYHBIMU
npuadHakamn HOCT, comocTaBumMbIX MO BO3pacty v nony (rpynna 2). Bcem y4vacTHMKam uvccnefoBaHWs MpoOBOAWMIOCH
onpegerneHne BHELIHWX U opraHHbiX deHoTununyeckux nposieneHni HOCT Bo B3ammocBsan ¢ ypoBHeM NT-proBNP u
nokasatenamu Speckle-tracking axokapanorpaduu.

PesynbTaTtbl. Y NauMeHTOB C apuTMuyeckum cuHapoMoM Ha c¢oHe HACT BbissBNeHa accoumaums Mexgy rokKanbHbIM
CHWXeHneM npofornbHOM AedopMaumm mmokapaa nesoro xenygodka (/1K) n BopoHkoobpasHon aedopmaumen rpygHon
knetku (r, = 0,234; p = 0,008), cuHgpomom runepmobunbHocTy cycTaBos (r, = 0,406; p = 0,026), CKONIMO30M NO3BOHOYHMKA
(r, = 0.266; p = 0.003), nponancom muTpaseHoro knanaHa (MMK) (r, = 0.519; p = 0.003), anarHocTyeckum noporom HOCT
(r,= 0.395; p = 0.031). Kpome Toro, BbisiBneHa obpartHas cnabon u cpefHen CTeneHn 3HaYMMOCTU accoumaums nHoekca
maccel Tena (MMT) co cHMxeHnemM MmnokapauanbHOro cTperHa B page cermeHtoB JK. B rpynne 1 oTmedveHa koppensums
mexay NT-proBNP v yposHem anarHoctudeckoro nopora HACT (r, = 0.496; p = 0.001), Hannumem MMK (r, = 0.469; p = 0.002).
3akntouveHue. [leopmaums rpyaHON KNeTku, CKONMOo3 NO3BOHOYHMKA, rTMnepMobunsHocTb cyctaBoB, NMK, cHmkenne UMT
accoumnMpoBaHbl Y NauMeHTOB C apUTMUYECKMM CMHOAPOMOM Ha cpoHe HACT ¢ myokapamanbHbiM CTpenHom 1 ypoBHeMm NT-
proBNP, 4to mMoxeT ObITb UCMONBb30BaHO AN pPaHHEN MAeHTUMKauum peMoaenupoBaHua MUoKapaa B AAHHOW KoropTe
OOnbHbIX.

KnioueBble cnosa: HeanddepeHUMpoBaHHas AUCNIasns cCoeaMHUTENBHOW TKaHW, NnpogonbHas AedopmMaumst M1o-
kapga nesoro xenynoyka, NT-proBNP.

KoHdnuKT uHTepecoB: aBTOpPbI 3a5BNAT 06 OTCYTCTBUN KOHMMKTA MHTEPECOB.

Mpo3spayHocTb (puHAHCOBOM  UcCredoBaHME BLINOMHEHO 3a CYET rpaHTa Poccuiickoro HayydHoro doHga Ne 22-25-20100

OEeATEeNbHOCTH: «OueHKa CTPYKTYPHO-(OYHKLMOHANbHbLIX U3MEHEHUI MUOKapaa Y NauneHToB ¢ HeanddepeHr-
LMPOBaHHOW AMCNa3ven CoOeaMHUTENbHOM TKaHW, npoxusarowmx B Omcke n Omckon obna-
CTU».

CooTBeTCcTBME NPUHLMNAM CooTBeTcTBME NPUHLMMAM 3TUKK: AHHOE UCCnefoBaHWe (3annaHnpoBaHHOE B COOTBETCTBUM

3TUKU: c 4. 5 cT. 22 denepanbHoro 3akoHa ot 21 Hos6ps 2011 Ne 323-d3 «O6 ocHoBax oxpaHbl 340-
poBbs rpaxaaH B Poccuiickon ®egepaunmny B ped. ot 02 nong 2021 r.) ogobpeHo nokansHbIM
aTudeckum komutetom ®re0Y BO OMIMY MuHagpasa Poccuu (npotokon Ne 7 ot 06 anpens
2022 r.). Jo BknoyeHMs B nccnegosaHue B TedeHne 2022 r. BCeMU y4acTHUKaMu NOANMCcaHo
MHOPMUPOBAHHOE COrnacue Ha yvacTve B UCCNELOBaHMU B COOTBETCTBUM CO CTaHOapTamu
Hagnexaluen knnHnyeckon npaktukm (Good Clinical Practice) n npuHUunamm XenbCUHKCKOM
Jeknapauumm.
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Introduction

Nonspecific connective tissue disorder (NCTD) is
characterized by a progredient course with the formation of
pathological bone changes in the chest and spine, creating
the prerequisites for cardiovascular pathology, in particular,
heart rhythm and conduction disorders [1, 2]. Perivascular
expansion of myocardial connective tissue is recognized as
one of the leading causes of life-threatening arrhythmias
and sudden cardiac death (SCD) in young patients with
phenotypic signs of NCTD [3, 4]. In this regard, it is extremely
important to diagnose in time structural heart changes that
increase the risk of dangerous rhythm disorders at a young
age [5]. A personalized risk of developing cardiovascular
complications in NCTD, considering the genotyping of
patients, was proposed by Druk I.V. et al (2015) [6]. In routine
clinical practice the Wald sequential recognition procedure,
adapted by A.A. Genkin and E.V. Gubler, is used for
assessment of general prognosis of the dysplastic process
and the severity of clinical manifestations of NCTD (1964) [2,
3]. Biological and visual markers of myocardial fibrosis, such
as N-terminal pro-brain natriuretic peptide (NT-proBNP) and
myocardial strain, are more informative regarding outpatient
diagnosis of the initial stages of myocardial remodeling [7-9].
Taking into account the relevance of the search for minimally
invasive assessment methods of early structural myocardium
changes in young, working-age people, the aim of this study
was to analyze the relationship between the phenotypic
NCTD manifestations with myocardial strain indicators and
the level of NT-proBNP in patients with cardiac arrhythmias
in NCTD.

Material and methods

A one-stage comparative study included patients with
arrhythmic syndrome due to NCTD, observed on an outpatient
basis at the clinic of Omsk State Medical University (group
1, n=127, mean age 30.82+8.17, 84 women and 43 men).
The control group included practically healthy people with
single clinical manifestations of stigmata of connective tissue
disorder [1], compared by age and gender (group 2, n = 30,
average age 34.1316.87, 21 women and 9 men). Inclusion
criteria: arrhythmic syndrome in the history (changes in
the standard rate, regularity and source of heart excitation,
previously recorded during an electrophysiological study,
impulse conduction disorders atypical for healthy individuals)
[1, 2]; age 18-44 years; signs of NCTD with a total diagnostic
coefficient (threshold) of NCTD of more than 17 points [1];
voluntary informed consent of the patient to participate in
the study. Exclusion criteria: specific, hereditary syndromes
of connective tissue disorders (Marfan syndrome, Ehlers-
Danlos syndrome, etc.); skeletal deformations as a result of
traumatic injuries; acute or exacerbation of chronic somatic
diseases; diseases that can affect the results of the study
(arterial hypertension, coronary heart disease, chronic
heart failure (with preserved ejection fraction (EF) of the left

ventricle (LV)), heart defects, familial forms of lipid metabolism
disorders, diabetes mellitus, obesity); alcoholism, drug
addiction, use of medications that may affect the results of
the study; pregnancy and lactation; failure by the patient to
comply with the study protocol.

This study (planned in accordance with Part 5 of Article
22 of Federal Law No. 323-FZ of November 21, 2011 “On
the fundamentals of protecting the health of citizens in the
Russian Federation” as amended on July 2, 2021) was
approved by the local ethics committee of the Federal State
Budgetary Educational Institution of Higher Education «Omsk
State Medical University» Ministry of Healthcare of Russian
Federation (protocol No. 7 of April 6, 2022). All participants
signed an informed consent in accordance with the
standards of Good Clinical Practice and the principles of the
Declaration of Helsinki before inclusion into the study during
2022.

In addition to the standard clinical and instrumental
examination (complaints and medical history collection,
physical examination, ECG), all study participants underwent
72-hour ECG monitoring, transthoracic echocardiography
(EchoCG). External and organ phenotypic manifestations
of NCTD were also assessed [1]. The serum level of NT-
proBNP was assessed by enzyme immunoassay at the
Academic Center for Laboratory Diagnostics of the Omsk
State Medical University. Additionally, all study participants
were performed Speckle-tracking echocardiography (Echo)
assessed changes in the longitudinal deformation of the left
ventricular (LV) myocardium using an 18-segment model on
an expert class ultrasound scanner EPIQ 7 ELITE (Philips,
the Netherlands; the reference value of the longitudinal
deformation of the LV myocardium in systole for this device
is 18 %).

The obtained data were assessed by Python statistical
packages: SciPy, Pandas, Pyplot and Seaborn. Normally
distributed quantitative measures are represented by mean
(M) and standard deviation (SD); in the absence of normality
of distribution, the median (Me) and interquartile range
were indicated [Q7, Q3]. The statistical significance of the
differences was determined by Student’s t test in the case
of a normal distribution of the characteristic; if the latter was
not observed, the Mann-Whitney test was used. Differences
were considered significant at p<=0.05. The significance of
differences in categorical indicators in independent patient
groups was determined using Pearson’s x2 test and Fisher’s
exact test. Correlation analysis of normally distributed
quantitative indicators was carried out using the Pearson
correlation coefficient or, in the absence of normal distribution
of the indicator, by using the Spearman correlation coefficient.

Results

The most significant clinical, anamnestic and phenotypic
characteristics of the study groups are presented in
Table 1.
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Table 1. Clinical and anamnestic characteristics of the study groups
Ta6nuua 1. KnuHnko-aHamHecTMYeckas XxapakTepucTika uccnegyembix rpynn

Parameters Group 1, n =127 Group 2, n =30

MokasaTtenu pynna 1, n =127 pynna 2, n = 30 p
Age, years, M £ SD
Bospacr, net, M + SD 30.82 +£8.17 34.13+£6.87 0.426
Men/women, n (%)
My KHHBUSKEHLIAHB, 1 (%) 43 (34)/ 84 (66) 9 (30) /21 (70) 0.689
Episodes of palpitations, n (%)
3nusoabl cepauedbuennin, n (%) 99 (78) 2(n) 0.001
Episodes of dizziness, n (%)
3nu3oabl ronoBoKpyxeHus, n (%) 74 (58) 3(10) 0.001
Episodes of presyncope, n (%)
3nusoapl npecuHkone, n (%) 36 (28) 00 0.002
Episodes of syncope, n (%)
3nun3soabl cuHkone, n (%) 40 00 0.721
SCD in close relatives, n (%)
BCC y 6nmskux poacTBeHHMKOB, n (%) 3 00 0914
BMI, kg/m?, M + SD
VIMT, kr/M2. M + SD 18.75 + 1.47 21.42 +1.96 0.001
HR, beats/ min, M £ SD
UCC, ya/mur, M + SD 80.62 + 12.51 80.20 + 12.42 0.868
SBP, mmHg, M + SD
CAL M pT. cT., M + SD 116.27 + 5.61 118.57 + 5.48 0.792
DBP, mmHg, M + SD
AL mm pT. oT., M + SD 67.28 + 5.96 69.47 + 5.98 0.877
Dolichostenomelia, n (%)
NonuxocteHomenus, n (%) 74 (58) 12 (40) 0.109
Asthenic chest, n (%)
AcTeHunueckas rpyaHas knetka, n (%) 43(34) 2(7) 0.006
Pectus excavatum, | degree, n (%) 8 (6) 0(0) 0.342
BopoHkoobpasHas aecdopmaums rpyaHon knetku | ctenenn, n (%) ’
Spinal scoliosis l1-11l, n (%)
Ckonvos nossoHo4Hmka l1-1ll, n (%) 68 (54) 507 0.001
Hyperkyphosis of the thoracic spine, n (%)
'mnepkno3 rpyaHoro otaena no3BoHOYHMKA, n (%) 17(13) 4(13) 10
Hyperlordosis of the lumbar spine, n (%)
'Mnepnopao3 NosICHUYHOro oTAeNa No3BoHouHKKa, n (%) 48 (38) 2 0.002
Transverse flatfoot, n (%)
MonepeyHoe nnockoctonwue, n (%) 17.(13) 3(10) 0.845
Longitudinal flatfoot, n (%) 42 (33) 5(17) 0.123
MpoponbHoe nnockoctonve, n (%) ’
Dilation of the umbilical ring, n (%) 10 (8) 0(0) 0.241
PacwmpeHune nynoyHoro konbua, n (%) )
Joint hypermobility, n (%)
'mnepmo6unbHoCTb cycTaBoB, n (%) 87 (69) 0(0) 00
Varge index is less than 1.5, n (%)
WHpekc Bapre meHblue 1.5, n (%) 4031 00 0.001
Varge index in the range of 1.5-1.7, n (%)
WHpekc Bapre B ananasoHe 1.5-1.7, 66 (52) 3(10) 0.0
n (%)
Improper bite, n (%)
HenpasunbHbiii npukyc, n (%) 43(34) 7(23) 0371
Mitral valve prolapse, n (%)
Mponanc muTpaneHoro knanawxa, n (%) 55(43) 2() 0.0
Myopia, n (%)
Muonws, n (%) 21(17) 5(17) 1.0
Astigmatism, n (%)
Acturmatunam, n (%) 108 000 10
Nephroptosis, colonoptosis, n (%)
HedponTtos, konoHontos, n (%) 29(23) 3(10) 0.138
TV prolapse, n (%)
Mponanc TK, n (%) 108) 00 1.0
Diagnostic threshold for NCTD, points 35.01 + 8.97 15.00 + 1.45 0.001

OunarHoctnyeckuit nopor HACT, Gannbl

Note: SCD — sudden cardiac death, BMI — body mass index, HR — heart rate, SBP — systolic blood pressure, DBP — diastolic blood pressure, TV — tricuspid
valve, NCTD — nonspecific connective tissue disorder.

Mpumevanune: BCC — BHe3anHas cepaeyHasi cmeptb, UMT — uHpgekc maccbl Tena, YCC — yactoTa cepaeyHbix cokpaweHui, CALl — cucrtonuyeckoe
apTepvanbHoe Aasnenve, JALl — amacTtonuuyeckoe aptepuanbHoe aaeneHune, TK — TpukycnuaanbHbin knanad, HOCT — HeauddepeHumpoBaHHas
AMCMNasvs CoeaAMHUTENBHOW TKaHW.
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Analysis of clinical and anamnestic characteristics
disclosed predominance of female patients in the cohort.
The age of the participants did not differ significantly in both
groups. Patients with arrhythmic syndrome affected by NCTD
were significantly more likely to experience palpitations and
dizziness. This fact with pre-fainting and fainting states in
the history, as well as sudden cardiac death (SCD) of close
relatives, indicated the need for further diagnostic search.

Body mass index (BMI) and Varge index in the group 1
were significantly lower than in the control group. Heart rate

WEW syndrome/WE'W civmpom

First degree AV block/AB-Gnoxaga I et
3A block second degree/CA-Gnoragall o1
QT >450 ms/QT >450me

> 2 ms Pauses/Tlayas Gonee 2 M

Double EVES/TIapuas HASC
EVESHESC
VES Grade VOESC V xnacca

VES Orade IVB/EDC IVh xmacea

and blood pressure indicators in the study groups did not
differ significantly. There was also a tendency to hypotension
that may be affected by dysfunction of the autonomic system.
The latter often occurs at a young age, especially in presence
of NCTD stigmas [1, 2].

Among the phenotypic manifestations of NCTD in patients
with arrhythmic syndrome, changes in the chest shape, the
spine pathology, joint hypermobility, and mitral valve prolapse
were significantly more common.

Figure 1 presents heart rhythm and conduction disorders.

p=0.0

p=01051
VES Grade IVa E3C IVa nacch
VES Grade IVEEC I onacca
p=0.002
VES Grade IE2C I ynacca ]
p=0.033
VES Grade ITE3C I xnacca
0,000% 20.00% 40 0084 &0 00% 200054 100008 120,008%

® Group 2Tpyma 2 (=30)

Fig. 1. Structure of heart rhythm disorders in study groups

= Group 1/Tpymma 1 (n=127)

Note: AV block | stage — atrioventricular block of the 1st degree, VES — ventricular extrasystole, SVES — supraventricular extrasystole, SA blockade of the 2nd
degree — sinoatrial block of the second degree, WPW syndrome — Wolff — Parkinson — White syndrome.

Puc. 1. CTpyKTypa HapyLUeHUin CepaeyHoro pUtma B UCCrieayeMbix rpynnax

Mpumevanwve: AB-6nokaaa | cT. — aTpmoBeHTpuKynsipHas 6nokaga | ctenenu, XKOC — xenynoukoBasi akcTpacuctonus, HKOC — HagkenynoukoBast akcTpa-
cuctonusa, CA-6nokaga Il cT. — cuHoatpuanbHas 6nokaaa Il crenenn, WPW-cuHapom — cuHapom Bonbda-NapkMHcoHa-YaiTa.

According to ECG monitoring data for 72 hours, in
group 1, ventricular extrasystole (VES) was noted, including
high gradations, according to the classification of B. Lown
and M. Wolf (1971), as modified by M. Ryan et al. (1975):
Class | — 46.5%, Class Il — 28.3%, Class Il — 9.5%, Class
IVa — 14.7%, Class IVb — 2.4%, Class V — 1.6 %, as well
as paired supraventricular extrasystoles (SVES) (12.6%).
The control group showed single monomorphic monotopic
supraventricular (80%) and ventricular extrasystoles (23.3%),
typical for healthy individuals.

According to standard Echo, in the group of patients with
arrhythmic syndrome affected by NCTD, a higher incidence
of mitral valve prolapse was revealed (43% in group 1 vs 7%
in group 2; p = 0.000) in comparison with the control group.

Enzyme immunoassay in the group of patients with

arrhythmic syndrome affected by NCTD showed a higher
level of NT-proBNP in comparison with the control group
(10.54 [0.0; 75.27] in group 1 vs 1.51 [0.0; 18.06] in group 2;
p = 0.046).

Speckle-tracking Echo results showed statistically
significant differences in the study groups: lower values
of global longitudinal strain of LV myocardium in group
1 compared to group 2 (-22.96% [-24.56%; -21.50%] vs
-24.73% [-25.25%; -23.84%)], (p=0.016)). A local decrease in
longitudinal myocardial strain (in two or more segments of the
left ventricle, p = 0.025) was noted in 62.2% of patients with
arrhythmic syndrome due to NCTD and 13.3% of patients in
the control group. Figure 2 shows a decrease in longitudinal
strain in the anterior and lower basal segments in patient
group 1.
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Fig. 2. Analysis of global longitudinal strain of the left ventricle of patient of the 1< group in a four-chamber view (A) with corresponding time-to-peak strain
curves (B). Decreased longitudinal strain in the anterior and inferior basal segments in the 18-segment LV bull's eye model (C)

Puc. 2. Ananus rnobanbHoi npoaonsHoM AedopmaLimy NIeBOro xenyaoyka naumeHTa rpynnel 1 B YeTbipexkaMmepHow npoekuum (A) ¢ COOTBETCTBYOLWMMU
KPMBBIMU BpeMeHu A0 nunka Aedopmauinm (B). CHKeHne NpoaonsHOro cTperiHa B nepeaHeM M HxHeM 6asanbHbix cermeHTax Ha 18-cermeHTapHon Mogenu

NeBoro xenyaoyka («belumnin rnasy») (C)

The correlation analysis showed a direct moderate
statistically significant correlation between NT-proBNP and
heart rate (r,= 0.462, p = 0.010), the level of the diagnostic
threshold of NCTD (r,= 0.496, p = 0.001) with the presence
of mitral prolapse valve (r,= 0.469, p = 0.002) and mitral
regurgitation (r, = 0.53; p = 0.008) as well as ventricular
extrasystoles Ill (r, = 0.582; p = 0.045), IVa (r, = 0.39;
p =0.042) and V classes (r,= 0.397; p = 0.037) in patients
of group 1.

In group 1, a correlation was revealed between
paired supraventricular extrasystoles and a decrease in
local longitudinal strain in the medial inferior (r, = 0.239;
p = 0.007), median anterolateral (r, = 0.227; p = 0.013)

and apical anterolateral (r, = 0.219; p = 0.017) segments;
ventricular extrasystoles of class | and local strain in the
median anterior (r, = 0.253; p = 0.004) and apical anterior
(r,=0.253; p = 0.004) segments; ventricular extrasystoles of
class V and deterioration of the deformation LV characteristics
in the basal inferior (r,= 0.215; p = 0.021) and median anterior
(r,=0.211; p = 0.023) segments.

Moreover, in patients with arrhythmic syndrome affected
by NCTD, significant weak and moderate correlations were
revealed between the frequency of a number of phenotypic
features of NCTD, as well as BMI and a segmental
decrease in the longitudinal strain of LV myocardium
(Tables 2, 3).

Table 2. Association of phenotypic features of NCTD with local left ventricular stretch in group 1

Tabnuua 2. Accoumnaums peHoTUNMYECKMX NPU3HaKoB Heand depeHLMPOBaHHON ANCNNAa3nN COEANHUTENBHOW TKaHM C NIOKarnbHbIM CTPENHOM JIEBOrO

Xenynodka B rpynne 1

Phenotypic features of NCTD LV myocardial segments Correlation within group 1
deHoTunmyeckne npusHaku HACT CermeHTbl Mmokapaa JDK Koppensuusi BHyTpu rpynnbi 1 p
Longitudinal global LV deformation 0.234 0.008
MpopgonbHas rnobansHas aedopmauus JHK
I?asal anteroseptal ) 0.226 0.011
BasanbHbili nepeaHe-neperopogoyHbIn
' Me_dlal inferior septal ) 0.217 0.014
Asthenic chest CpeauHHbI HWKHe-NeperopoaoYHbIi
AcTeHunyeckas rpygHas kneTka i
PYA Medlal anterolateral 5 0217 0.014
CpeavHHbIi nepeaHebokoBow
Basa[anterolateral 5 0.208 0.019
BaszanbHbii nepegHebokoBoi
Beisal inferior septal 3 0.204 0.022
BasarnbHbli HYKHe-NeperopoAoYHbIit
Funnel-shaped chest deformity | degree Apical inferior
BopoHkoo6pasHasi aedopmaums rpyaHon AnukanbHbIA HKHUA 0.234 0.008
kneTkm | crenexn
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End of table 2
OkoHuyaHue Tabn. 2

Phenotypic features of NCTD LV myocardial segments Correlation within group 1
deHoTunnyeckne npusHaku HOACT CermeHTbl Myokapaa JIK Koppensiuusa BHyTpu rpynnbl 1 p
. o Basal ?nterlor 5 0.266 0.003
Spinal scoliosis II-1l BasanbHbll nepegHuit
Ckonno3 no3soHoyHuka [l
I?asal anteroseptal . 0.232 0.009
Ba3sanbHblii nepefHe-neperopofoyHbIii
. - Apical |r1fer|or lateral 3 0.386 0.035
Joint hypermobmty syndrome AnukanbHbIN HUKHEBOKOBOW
CVHAPOM rMNepMoBUnbHOCTM CYyCTaBoB ial inferi
Ap: P! Yy Medial |[1fer|or lateral 3 0.406 0.026
CpeanHHbIN HMKHeGoKoBOM
- - Medla! anterolateral 5 ~0.208 0.019
Varge index is less than 1.5 CpeavHHbI nepeaHe6okoBo
WHpekc Bapre meHbwe 1.5 i i
l p Basal |r2fer|or 3 0219 0.013
BaszanbHblii HKHWI
Basal inerior lateral § 0.405 0.041
BasanbHbi HUXxHe6okoBOM
Mitral valve prolapse Basal anterior
Mponanc MuTpaneHOro knanaHa o o 0.519 0.003
BasanbHbi nepeaHuin
Medlal anterolateral 5 0.241 0.006
CpeauHHbIN NnepeaHe6okoBON
) . Medial anterolateral
Diagnostic threshold for NCTD CpenvHHbIN NEpenHEGOKOBOI 0.395 0.031
on HACT Apical anteri
picatanterior 0.37 0.044
AnvKanbHbIVi NepeaHuii
Note: DT NCTD - the diagnostic threshold for nonspecific connective tissue disorder.
lMpumeyarue: AN HOCT — guarHocTtuyeckuii nopor HeamddepeHUMpoBaHHOM ANCNNa3nn COeANHUTENBHOM TKaHW.
Table 3. Association of BMI with local left ventricular strain in group 1
Ta6nuua 3. Accoumnaums nHaekca Macchbl Tena ¢ fiokanbHbIM CTPEMHOM J1eBOro Kenyaoyka B rpynne 1
Parameter LV myocardial segment Correlation within group 1
MpunaHak CermeHT muokapga JDK Koppensauus BryTpu rpynnbi 1 p
Medial ?nterlor 5 -0.202 0.024
CpeavHHbI nepeaHunii
Medial |rjfer|or 5 —0.212 0.017
CpeauHHbBIN HKHUN
Beisal inferior septal 5 _0.216 0.015
Ba3zanbHblii HUKHe-NeperopooYHsbIii
I?asal anteroseptal 5 —0.221 0.013
Ba3zanbHblii nepeaHe-neperopoaoyHsblii
Basal ?nterlor 5 _0.244 0.006
Ba3sanbHblii nepeHui
Basal inferior
BMI BasanbHbIn HUWKHUIA —0.251 0.005
UMT TR
Apical inferior septal
o o -0.28 0.001
AnuKasnbHbIN HWKHE-NePeropoAoYHbIV
Basa[anterolateral 5 029 0.001
BasanbHbil nepeaHe6okoBon
Aplcalvanterolateral } 03 0.001
AnukanbHbIn nepeaHeboKoBOW
Mefjlal inferior septal 5 _0.314 0.0
CpeanHHbIN HKHE-NEPEeropoaoYHbIN
Longitudinal global LV deformation _0.325 0.0
MpoponbHas rnobansHas aedopmauus JHK : :
Medlal anterolateral 3 —0.395 0.0
CpeavHHbIi nepeaHebokoBow

Note: BMI — body mass index.

Mpumevanne: UMT — nHgekc maccbl Tena.

An inverse relationship of average significance with BMI
with a decrease in myocardial strain in the median infero-
septal segment (r=-0.376, p = 0.041) was noted in group 2.

Discussion

The influence of heart rhythm and conduction disorders
on the prognosis of young patients is well known [4, 5]. In

connective tissue disorder,

hereditary and nonspecific,

arrhythmic syndrome also plays a leading role in the
development of cardiovascular complications [2, 10]. The
development of connective tissue disorder is based on
the pathology of the synthesis/catabolism of its structural
proteins or enzymes [1, 2]. In this case, a distortion of the
ratio of synthesis and collagen breakdown is one of the key
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links in increase in myocardial stiffness. Collagen imbalance
can cause excessive accumulation of extracellular matrix,
contributing to the formation of myocardial fibrosis, as the
basis of electrical heterogeneity of the myocardium [11,
12]. Besides, the formation and progression of arrhythmic
syndrome affected by NCTD is contributed by an asthenic
type, chest deformation and spinal pathology [1-3].

The correlation between the total diagnostic coefficient of
NCTD and the level of NT-proBNP revealed in group 1 can
indicate an increase in the volume of the extracellular matrix
of the myocardium in patients with arrhythmic syndrome
affected by NCTD [7, 12, 13]. The direct correlation between
NT-proBNP and VVC classes IlI-V indirectly confirms
research data indicating the diagnostic role of this biomarker
in patients with cardiac arrhythmias [11, 13].

According to Speckle-tracking Echo the patients in group
1 also showed initial signs of systolic dysfunction in certain
areas of the LV myocardium that may indirectly indicate an
early stage of subclinical fibrosis [8, 14]. The same results
were presented by Smetanin M.Yu. et al. (2022), who
revealed a local decrease in myocardial deformation in
patients of reproductive age with NCTD [15]. A correlation
analysis revealed a relationship between the segmental
deterioration of the deformation characteristics of the LV
and paired NVES, VES classes | and V. The received data
highlight the important role of advanced Echo in the early
diagnosis of myocardial structural changes being the basis of
myocardial electrical heterogeneity [8, 9, 14].

The relationship of phenotypic manifestations of NCTD
with indicators of myocardial strain was considered, for the
first time, in our study. The defined association may indicate
that in patients with chest deformity, spinal scoliosis, joint
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hypermobility syndrome, MVP, as well as with interference of
two or more systems in the dysplastic process and the sum of
the diagnostic coefficients of NCTD exceeding 23 points, an
in-depth study of systolic LV function in order to early reduce
the zone of reduction in LV myocardial deformation and timely
initiation of measures to normalize metabolic processes in
connective tissue in order to slow down the progression of
myocardial fibrosis.

The defined association may evidence that an in-depth
study of systolic LV function for early identification of zones
of reduced LV myocardium deformation and timely initiation
of measures for normalization of metabolic processes in
connective tissue to slow the progression of myocardial
fibrosis is indicated in patients with chest deformity, spinal
scoliosis, joint hypermobility syndrome, MVP, as well as
with interference of two or more systems in the dysplastic
process and the sum of the diagnostic coefficients of NCTD
exceeding 23 points.

Conclusion

Chest deformity, spinal scoliosis, joint hypermobility, MVP,
decreased BMI are associated in patients with arrhythmic
syndrome affected by NCTD with myocardial strain and
NT-proBNP level that can be used for early identification of
myocardial remodeling in this cohort of patients.
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UHdopmauumsa o BKNage aBTopoB

Bce uneHbl rpynnbl aBTOPOB OTBEYAIOT KPUTEPUSIM aBTOPCTBA:!

1) paspaborka KoHUenuuu ¥ AMsaniHa Wnu aHanus3 v uHTepnpeTauus
AaHHbIX;

2) obocHoBaHMe PyKOMWUCK MM NPOBEpKa KPUTUYECKWU BaXHOTO UHTEN-
NeKTyanbHOro coaepXxaHusi;

3) okoHuYaTenbHOe yTBEpXAEeHUe pykonucu ans nybnukauuu;

4) cornacue 6bITb OTBETCTBEHHLIM 3a BCe acnekTbl paboTbl; npeanona-
raeTcsi, YTo AOMKHbIM 06pPasoM WCCreaoBaHbl U paspeLleHbl BOMNPOChl, Ka-
carolmecst TWwartenbHOCTM U A40OPOCOBECTHOMO BbINOMHEHUST NOOON YacTn
npeacTaBNeHHOro UCCIefoBaHUs.
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