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Introduction. Small heart anomalies (SHA) are the morphological basis for functional changes in cardiac activity and can
exacerbate the course of organic heart lesions. The most studied SHA include false chords of the left ventricle (FCLV) and
mitral valve prolapse. Prevalence, association with external signs of dysembryogenesis, as well as the predictive value of
SHA are not sufficiently studied.

Materials and methods. We examined 611 people between the ages of 18 and 23 (average age 20.3 = 1.6 years), including
257 boys and 354 girls. All of the surveyed performed phenotypic, anthropometric and echocardiographic examinations.
To identify the SHA links to heart rhythm disorders, the 205 surveyed performed Holter’s ECG monitoring.

Results. SHA identified in 90% of the individuals surveyed: atrial septum aneurysm (24%), tricuspid valve prolapse (23.4%),
asymmetry of the aortic valve (20.6%), additional papillary muscles (39.4%) and FCLV (75,1%). Correlation analysis showed
the presence of links between these SHA and bone signs of dysembryogenesis (chest deformities, arachnodactyllia, dolisten-
nomely and high palate), as well as heart rhythm disorders (supraventricular and ventricular extrasystoles, rhythm driver
migration and episodes of AV-blockade 1 degree). Patients with marfanoid habitus have a higher average number of SHA
(21%£14 vs 09%0.7, p<0.005).

Conclusions. SHA are identified in the vast majority of healthy people. Bone signs of dysembryogenesis are associated
with significant SHA and can serve as a marker for the involvement of the heart in the dysplastic process. Patients with
SHA have significant cardiac arrhythmias.

Keywords: small heart anomalies; bone signs of dysembryogenesis; hereditary disorders (dysplasia) of connective tissue;
heart rhythm disorders; young people.

MAJIbIE AHOMAJIUU CEPOLUA KAK KAPOUANBHbLIE MPOABIEHUSA
HACNEACTBEHHbIX HAPYWEHNN COEOAUHUTENIbHOU TKAHU
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Beepenue. Manbie aHomanum cepaua (MAC) kak Mopdonornyeckas 0CHoBa PYHKLMOHANbHbBIX U3MEHEHUI CepAeyYHOn ae-
ATENbHOCTU CNOCOOHBbI YyCyrybnaTb TedeHMe opraHuMyeckmx nopaxeHun cepgua. K Hanbonee nsyyeHHbiM MAC oTHOCSTCS
NOXHble xopAbl nesoro xenypouka (JIXJXK) v nponanc MUTpanbHOro knamnaHa. PacnmpocTpaHeHHOCTb, CBSI3b C BHELWHUMMU
npu3Hakamu AuM3saMbpuoreHesa, a Takxke NpoOrHoCTMYeCcKoe 3HaveHue otaenbHbiXx MAC M3yyeHbl HEeA0CTAaTOYHO.

Matepuansbl u metoabl. 06cnenoBaHo 611 npakTMyecku 340pOBbLIX NtoAel B Bo3pacTe oT 18 no 23 neTt (cpeaHuin Bo3pacT
20,3 1,6 roaa), U3 Hux 257 oHowen n 354 pgeBywkun. Bcem 06cnenoBaHHbIM BbIMOAHEHO GEHOTUMNMYECKOe, aHTponome-
Tpuyeckoe U axokapamorpadpuyeckoe obcnenosanua. Ong BoiseneHus ceszein MAC C HapyweHUSIMU CEpAEYHOro puTMa
205 obcnenoBaHHbIM BbIMOMIHEHO XONTEpPOBCKOE MOHUTOpUpoBaHue SKI.

@ Mleapnarp. 2020.T. 11. Bein. 5 / Pediatrician (St. Petersburg). 2020;11(5) elSSN 2587-6252



ORIGINAL STUDIES / OPUTUHANDBHBIE CTATbU

Pesynbratbl. MAC BbisBneHbl y 90 % obcnenoBaHHbIX ML aHeBpU3Ma MexnpencepaHoi neperoponku (24 %), nponanc
TPUKYCNMAANbHOrO KnanaHa (23,4 %), acummeTpusa aopTtanbHoro knanaHa (20,6 %), nob6aBoyHble NanuAnsipHble MbilLb
(39,4 %) n NXJIK (75,1 %). KoppensiuMoHHbIi aHanu3 nokasan Hanuuue ceszent Mexnay 3TumMm MAC M KOCTHbIMM NMpU3Ha-
KamMu au3aMbpuoreHesa (aedopMaLmsiIMu rpyLHON KNeTKW, apaXHOAAKTUNMUEN, LOMXOCTEHOMENUEN U APKOBUAHBIM HEOOM),
a TaKXe HapyleHUsMU CepLevyHOro puTMa (CYynpaBeHTPUKYNSPHBIMU U KEeNyA0UYKOBbIMU 3KCTPACMCTONAMMU, MUTpaLment
BOAMTENs putMma v anusonamu AB-6nokapbl 1-i cTenenu). Y naumeHToB ¢ MappaHOMAHOW BHELWHOCTbIO Bbille CpeaHee
yncno MAC (2,1 +1,4 vs 0,9%0,7, p<0,005) 3a cuet 6onee yacToro BbisiBNEHUS 3HAUMMbIX MAC.

BbiBoabl. OTaenbHble MAC BbISIBNSOTCSA Y MOAABAAOWEro 601blMHCTBA 340pOBbIX Ntoaei. KoCTHble npu3Haku An33M6puo-
reHesa CBfi3aHbl CO 3Ha4yMMbiMM MAC M MOryT CNYXWTb MapKepoM BOBJIeYEHUS CepAaula B AMCNAACTUYECKMI npouecc.
Y naumeHtoB ¢ MAC perucTpupytoTcsa 3HauyMMble CepaeyHble apuTMUN.

KnioueBble cnoBa: manble aHoOManuu cepaua; KOCTHble NMPU3HAKU ,D,VI33M6DI/IOFEH€33; HacnenCTBeHHble HapylweHua
(,umcnnaawm) COeAMHUTENbHON TKaHW; HapyweHua cepoeyHoro putma; Mmonogbie nroau.

INTRODUCTION

One of the most complex and controversial as-
pects of modern cardiology is small heart anoma-
lies (SHA), which are anatomical changes in the
heart and great vessels’ architectonics not leading to
gross functional disorders of the cardiovascular sys-
tem [19]. As the morphological basis of functional
changes in cardiac activity, SHA can worsen the
heart’s course of organic lesions. National research-
ers’ interest in the problems of SHA classification
and the assessment of their clinical significance is
relatively high; however, despite this, the inconsis-
tency of SHA diagnostic criteria remains. The data
on the prevalence of individual SHA among healthy
people (from 2.5% to 41.6%) also differ dramati-
cally [1, 7]. This difference is due to the lack of
unified approaches to SHA diagnostics and signifi-
cant overdiagnostics in the pediatric and adolescent
populations. There is no unified understanding of
the possible relationship between individual SHAs
to connective tissue defects.

Currently, the functional classification considers
the localization and form of minor anomalies, the
etiology of these changes, and possible complica-
tions and is used to diagnose SHA [2]. Over the
years, ideas regarding some structural features of
the heart have changed. Thus, the bicuspid aortic
valve and the open foramen ovale are commonly
referred to as congenital heart defects. In contrast,
some SHA included in the working classification
can be attributed to the elements of the typical
heart structure (the moderator bundle of the right
ventricle, Chiari malformation, and others) [3].
Mitral valve prolapse (MVP) and left ventricular
pseudochords (LVPC) are worth noting separately.
In the significant prolapse of mitral leaflets into
the left atrium cavity by 3 mm or more, we should
consider primary MVP as an independent nosologi-
cal form. Small prolapses (by 1-2 mm) are called
probable MVP, which can be considered SHA when

combined with other heart development anoma-
lies [12].

Researchers’ attitudes toward SHAs, such as
LVPC, are also ambiguous. There is currently no
precise classification and generally accepted ter-
minology for these SHAs. LVPC are divided de-
pending on their number (single and multiple),
localization (right ventricular and left ventricular),
according to the ventricle part (basal, median, api-
cal), and direction (transverse, longitudinal, diago-
nal) [9, 13]. Data on the prevalence of LVPC range
from 7.2% to 80% in the healthy population. Some
researchers recognize the independent clinical sig-
nificance of LVPC: ischemic heart disease is more
severe, signs of early ventricular repolarization pat-
tern and various cardiac arrhythmias, and left ven-
tricular myocardium remodeling are more often re-
vealed in such patients [8, 15, 17, 21]. On the other
hand, no significant differences in the frequency
of cardiac arrhythmias and the early repolarization
pattern and ventricular pre-excitation phenomena
were found in children with isolated LVPC (with-
out combination with other SHA). This polarity of
opinions is related to the fact that most researchers
do not consider the characteristics of LVPC: their
localization, number, and relationship with other
structural changes in the heart.

Data on the prevalence and clinical significance
of other SHAs are limited. The relationship be-
tween pronounced aortic valve asymmetry and the
development of sclerodegenerative changes in the
aorta has been shown [18]. The clinical significance
of atrial septal aneurysm, the prevalence of which
is approximately 1% remains essentially unexplored
[6, 10]. Many authors also recognize the frequent
combination of various SHA, which does not al-
low assessing the contribution of each of them to
certain functional cardiovascular system disorders.
Most researchers place all SHA in the same row
without assessing their specificity. When any three
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SHA are identified, it is proposed to isolate the con-
nective tissue dysplasia syndrome of the heart [3].
The prevalence of individual SHAs and their vari-
ous numbers in healthy people has not been previ-
ously considered. A few studies show a relation-
ship between individual SHAs, primarily MVP,
and external signs of dysembryogenesis [15, 20].
Simultaneously, the relationship of other SHAs with
hereditary connective tissue disorders, particularly
with dysplastic phenotypes, also remains unstud-
ied. The contribution of SHA to the structure of
cardiac arrhythmias and conduction disorders was
not evaluated.

The aim of this work is to establish the preva-
lence of individual SHAs among essentially healthy
young people and their relationship with external
signs of dysembryogenesis and to assess the prog-
nostic value of SHAs in detecting cardiac arrhyth-
mias.

MATERIALS AND METHODS

This study enrolled 611 essentially healthy people
aged 18-23 years old (mean age 20.3 = 1.6 years),
including 257 boys and 354 girls were examined.
All patients underwent a phenotypic and anthropo-
metric examination to identify the bone signs of
dysembryogenesis. Funnel-shaped and keeled chest
deformities, symptoms of arachnodactyly (thumb
and wrist symptoms), high arched palate, flat feet,
and scoliotic spinal deformity, and dolichostenome-
lia were identified. Diagnostics of the marfanoid
appearance were performed according to generally
accepted recommendations considering the specifi-
city of individual bone signs [4, 5]. The marfanoid
habitus included persons with at least four bone
features, including a combination of arachnodactyly
and dolichostenomelia and at least one particular
feature — chest deformity or high arched palate.
The control group included persons with no more
than two bone signs.

All examined patients underwent echocardio-
graphic examination using ultrasound apparatus
Vivid 7 Dimension (General Electric, matrix phased
transducer 3.5 MHz), in 2D, Doppler, and color
M-mode according to the generally accepted tech-
nique, to identify SHA. The study protocol was
supplemented by the targeted search for minor heart
anomalies. The following SHAs were revealed:
atrial septal aneurysm, which was differentiated
with the open oval window, increased trabecular-
ity of the right and left ventricles, tricuspid valve
prolapse, pulmonary valve prolapse, aortic valve
asymmetry, aortic valve prolapse, and accessory
papillary muscles.

SHA connections with cardiac arrhythmias were
identified in 205 patients who underwent daily
Holter electrocardiogram monitoring (the average
monitoring duration was 23.1 + 0.9 h).

Statistical data processing was performed using
Statistica 8 software (StatSoft, Inc.). The differ-
ences’ significance between qualitative character-
istics was determined using Fisher’s nonparametric
method (p <0.05). The relationship between bone
signs, SHA, and heart rate characteristics was de-
termined by performing a Spearman correlation
analysis (p < 0.05).

RESULTS

The prevalence of SHA in the population is rela-
tively high: on average, 2-3 SHA were found in
each person examined, whereas no SHA were found
in only 10% of healthy young people. The results
obtained when assessing the prevalence of individ-
ual SHAs among essentially healthy young people
are shown in Table 1.

Certain SHAs are widespread among essentially
healthy young people. The most common were de-
velopmental anomalies such as LVPC, accessory
papillary muscles, and prolapse of the mitral valve
leaflets up to 2 mm. Increased right and left ven-
tricular trabecularity was found somewhat less fre-
quently; pulmonary valve prolapse was noted in
rare cases. The average number of SHA does not
depend on the sex of the individuals surveyed; how-
ever, some SHA are unequally distributed among
men and women. Thus, in young men, aortic valve
asymmetry and increased right ventricular trabecu-
larity were found significantly more often. On the
contrary, girls showed a higher frequency of in-
creased trabecularity of the left ventricle and ac-
cessory papillary muscles.

Further, LVPC were assessed depending on their
location and quantity. The most common (65.8%)
were LVPC of apical localization that allows them
to be regarded as variants of the norm. Median
(38.1%) and basal (10.0%) LVPC were less com-
mon. Significant LVPC, which included median,
mid-basal, and basal LVLC, were found in almost
half of the subjects (45.4%). At the same time,
there were no significant features in the prevalence
of LVPC at various localization among boys and
girls.

In 36% of essentially healthy individuals,
at least three SHA were identified. When using
a quantitative approach, they created the prerequi-
sites for overdiagnosing connective tissue dysplasia
syndrome of the heart. In addition, it seems that
it is not very promising to consider all SHA in
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Prevalence of small heart anomalies in healthy young people

Table 1 / Tabnuya 1

PacnpocTpaHeHHOCTb ManbiX aHOManuii cepaua cpeam npakTMYeckn 340p0BbiX MONOAbIX NoAeN

) All / Beero Men / FOHoIIM Women / [leBymku
Small heart anomalies / (611, 100%) (257, 100%) (354, 100%) »
Mausle aHOManuu cepana
n n % n %

Atrial septum aneurysm /. 146 24.0 68 26.5 78 22,0 0.20
AHeBpH3Ma MEXIIPEICEPIHON ePeropoIKu
Mitral valve prolapse 1-2 mm / 150 245 58 226 92 26.0 0.33
[Iponanc murpanpHOro KjiamnaHa 1-2 Mm
Pulmonary valve prolapse / 5 4 16 | 0.3 0.20
IIponanc myabMOHAIBHOTO KJanaHa
Tricuspid valve prolapse / 143 234 60 233 83 234 0.97
Iposanc TPUKYCHUAAIBHOIO KIIallaHa
Asymmetry of the aortic valve / 126 20.6 69 26.8 57 16.1 0.001
AcuMMeTpHs a0pTaJIbHOTO KJIalaHa
Increased trabecularity of the left ventricle /
[loBbiieHHas TPaOEKyISIPHOCTH JIEBOTO 128 209 39 15.2 89 25.1 0.002
XKeJyJouKa
Increased trabecularity of the right ventricle /
[loBbImeHHas TPAOEKYISIPHOCTD MPABOTO 176 28.8 116 45.1 60 16.9 0.0001
KeITysouKa
Additional papillary muscles / 241 39.4 75 29.2 166 46.9 0.0001
JlobaBouHbIE ManUJUIIPHBIE MBILIIIBI
False chords of the left ventricle / 459 751 190 73.9 269 76.0 0.56
JloskHBIE XOP/IBI JIEBOTO XKEITYA0YKa
Average of small heart anomalies / § 20414 20415 20414 10
CpezHee KOIMYECTBO MaJIbIX aHOMAJIMH cep/iua

the same breath without considering their speci-
ficity and connection with other manifestations
of hereditary connective tissue disorders. In this
regard, a correlation analysis of SHA with bone
signs of dysembryogenesis, characterizing the skel-
etal system involvement in the dysplastic process,
and features of heart rhythm and conduction was
performed (Fig. 1). Bone signs are closely related
to such SHA as significant LVPC (multiple, medi-
an, mid-basal, and basal localization), aortic valve
asymmetry, and tricuspid valve prolapse. On the
other hand, SHAs are associated with cardiac ar-
rhythmias — supraventricular and ventricular extra-
systoles in large numbers (more than 10 per hour),
episodes of pacemaker migration through the atria,
and AV block 1 degree. It also revealed a relation-

ship between SHA with an increase in the circadian
index (the ratio of the average daily and average
night heart rate) and a decrease in heart rate vari-
ability (feedback).

The existence of a close relationship between
SHA and bone signs of dysembryogenesis is con-
firmed by the high frequency of individual SHA
detected in young people with a marfanoid appear-
ance (Fig. 2).

Young people with marfanoid habitus are charac-
terized by the more frequent detection of significant
LVPC, tricuspid valve prolapse, aortic valve asym-
metry, and atrial septal aneurysm (p < 0.01). The ave-
rage number of SHA in the group with marfanoid
habitus was more than two times higher, than in
the control group (2.1 + 1.4 vs. 0.9 £ 0.7, p <0.005).

@ Tlegmarp. 2020.T. 11. Bein. 5 / Pediatrician (St. Petersburg). 2020;11(5)

ISSN 2079-7850



ORIGINAL STUDIES / OPUTUHANBHbIE CTATbU 9

g N g N g N\

[ Chest deformity / ) Pulmonary valve prolaps /

- I'Iponarlc NyNbMOHaNbHOTO
epopmaLua rpyaHou Knetku
A d) pau PYA J KnanaHa

Circadian index /
LiMpkanHblit MHOEKC

W False chord of the left
ventricle / JloxHble xopabl
NeBOr0 XeNnyAouka

AV block 1 degree /
AB-6nokapa 1-it cteneu

Arachnodactyly /
ApaxHopaktunus

Y

Artrial septal aneurysm /
AHeBpu3Ma MexnpencepaHoi
Neperopoaky

Extrasystole >10/hour /
Jkcrpacuctonmns >10/4

o
High palate /
ApkosuaHoe HéBO P N
Asymmetry of the aortic valve /
AcvmmeTpus aopTanbHOro

Pacemaker migration /
Murpauus BoguTens putMa

N

knanaHa
. J
[ Dolichostenomia / ]< e Ticusoid val laps / N
ONUXOCTEHOMENNS ricuspid vatve protaps o
- | momnc e { o e vttty
knanaxa
. s
Bone signs of dysembryogenesis / Small heart anomalies / Heart rate characteristics /
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AM33MOpHOreHesa CepaeyHoro putMa
A J A J A J

Fig. 1. Correlations of small heart anomalies with bone signs of dysembryogenesis and heart rhythm features. Direct line - direct
correlation, dotted line — reverse correlation

Puc. 1. KoppensunoHHble CBS3M Ma/ibiX aHOManui cepaua C KOCTHbIMM NpU3HaKamMu AusaMbpuoreHesa n 0co6eHHoCTaMU cepaey-
Horo putMa. MpaMas nuHUA — NpsMas KOppensLMOHHAs CBA3b, MYHKTUPHAA NMHUA — 06paTHas KOppensiuMoHHas CBS3b

False hordes of the left ventricle / 48
R opes s verzone | 7
Asymmetry of the aortic valve / 7
AcuMMETpUS 0PTaNIbHOTO KnanaHa _ 30
Tricuspid valve prolapse / 8
Mponanc TpUKYCNMANLHOO Knanaxa _ 40
Atrial septal aneurysm / 4

AHeBp13Ma MEXMPECEPAHOi Meperopoaky _ 15
%

T
0 20 40 60 80 100

Control / Marfanoid habitus /
KoHTponb MapdaHouaHas BHeWHOCTb

Fig. 2. Prevalence of small heart anomalies in young people with marfanoid habitus
Puc. 2. PacnpocTpaHeHHOCTb MasjibIX aHOManui cepaua y ML, MOJIoA0ro Bo3pacta ¢ MapgaHOMAHON BHELWHOCTbIO

DISCUSSION

Some SHA are a frequent finding during echo-
cardiographic examinations. According to our data,
only 10% of healthy young people did not have
a single SHA. At the same time, distinct features
of the prevalence of individual SHA are specific

depending on the sex of the surveyed individu-
als: aortic valve asymmetry, increased right ven-
tricular trabecularity were revealed more often in
men and increased left ventricular trabecularity,
and accessory papillary muscles were found more
often in women. SHA, such as mitral, tricuspid,
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or pulmonary valve prolapse, were detected with
the same frequency among boys and girls. The high
incidence of LVPC in the population (75%) does
not determine their clinical significance without
considering their number (single or multiple) and
localization. Most often, LVPC is found in the
apex of the left ventricle. Obviously, with such
localization, they do not significantly affect intra-
cardiac hemodynamics and do not interfere with
blood flow. This idea is consistent with data pub-
lished in the literature data that the clinical sig-
nificance is mainly the LVLH located closer to
the base of the heart — median and basal parts
[3, 17]. This assumption is confirmed by the di-
rect correlation between LVPC of the median and
basal localization with conduction disturbances;
episodes of AV block 1 degree during the day
were significantly more often detected in young
people with LVPC. It can be assumed that there
are foci of myocardial fibrosis at the site of the
basal pseudochords attachment, which leads to a
slowdown in the electrical impulse conduction in
the interventricular septum’s upper third, in the AV
node region and atrioventricular trunk. The devel-
opment of such fibrosis development is facilitated
by the TGF-p signaling pathway activation, which
is characteristic of patients with hereditary connec-
tive tissue disorders, particularly marfan syndrome
and marfanoid habitus [14, 16].

Individual SHAs are not equally related to ex-
ternal signs of dysembryogenesis. Bone signs were
chosen as the defining external signs characterizing
the bone system’s involvement in the dysplastic
process. Many bone signs of dysembryogenesis are
combined with signs of involvement of other body
systems in the dysplastic process, primarily the
cardiovascular system [12]. Bone signs of dysem-
bryogenesis are associated with SHAs such as pul-
monary and tricuspid valve prolapse, atrial septal
aneurysm, aortic valve asymmetry, and significant
LVPC. The close relationship of the listed SHAs
with systemic connective tissue defect is confirmed
by their more frequent detection in patients with
marfanoid habitus. Thus, the signs of a marfanoid
habitus can be regarded as a marker of the involve-
ment of the heart’s connective tissue frame in the
dysplastic process, which is manifested by a large
number of SHAs.

The clinical significance of SHAs is confirmed
by their association with cardiac arrhythmias. An-
eurysm of the interatrial septum is associated with
supraventricular extrasystole of high gradations
(more than 10 per hour) and paired and group atrial
extrasystole. Incomplete fusion of the oval win-

dow with a thin fibrous septum formation between
the atria creates conditions for impulse circulation
around the electrically inactive area, which forms
re-entry type atrial rhythm disturbances. On the
other hand, the atrial septal defect can interfere
with normal impulse conduction to the left atrium,
which causes electrical uncoupling of the atria and
can lead to the activation of ectopic foci of the
rhythm. In this case, episodes of pacemaker migra-
tion through the atria are recorded. The prolapse
of the tricuspid valve due to the tension of the
papillary filaments creates stress foci in the wall of
the right ventricle, which is a prerequisite for the
formation of high-grade ventricular extrasystoles
(more than 10 per hour). In addition, pulmonary
and tricuspid valve prolapses are associated with
impaired autonomic regulation of the heart rate — an
increase in the circadian index and a decrease in
heart rate variability. It will be recalled that young
people with marfanoid habitus are characterized by
low values of spectral and temporal indicators of
variability increasing the difference between the
values of heart rate in the daytime and at night
(circadian index) [11]. It can be assumed that this
is realized due to the more frequent detection of
right heart valve prolapse in such people.

CONCLUSIONS

1. Separate SHAs were found in 90% of es-
sentially healthy young people. The most common
SHAs are left ventricular pseudochords, accessory
papillary muscles, asymmetry of the aortic valve,
and prolapse of the mitral and tricuspid valves.
When LVPC is detected, it is necessary to assess
their localization (apical, basal, and median) and
number (single and multiple).

2. SHA, such as aortic valve asymmetry, tricus-
pid valve prolapse, atrial septal aneurysm, multiple
LVPC of median and basal localization, are as-
sociated with systemic connective tissue defects.
These SHAs are associated with atrial and ven-
tricular extrasystoles, episodes of pacemaker migra-
tion through the atria, slowing of atrioventricular
conduction (1st degree AV block), and a decrease
in spectral and temporal parameters of heart rate
variability.
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