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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 
(2.1 ± 1.4 vs 0.9 ± 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.
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Введение. Малые аномалии сердца (МАС) как морфологическая основа функциональных изменений сердечной де-
ятельности способны усугублять течение органических поражений сердца. К наиболее изученным МАС относятся 
ложные хорды левого желудочка (ЛХЛЖ) и пролапс митрального клапана. Распространенность, связь с внешними 
признаками дизэмбриогенеза, а также прогностическое значение отдельных МАС изучены недостаточно. 
Материалы и методы. Обследовано 611 практически здоровых людей в возрасте от 18 до 23 лет (средний возраст 
20,3 ± 1,6 года), из них 257 юношей и 354 девушки. Всем обследованным выполнено фенотипическое, антропоме-
трическое и эхокардиографическое обследования. Для выявления связей МАС с нарушениями сердечного ритма 
205 обследованным выполнено холтеровское мониторирование ЭКГ. 
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Результаты. МАС выявлены у 90 % обследованных лиц: аневризма межпредсердной перегородки (24 %), пролапс 
трикуспидального клапана (23,4 %), асимметрия аортального клапана (20,6 %), добавочные папиллярные мышцы 
(39,4 %) и ЛХЛЖ (75,1 %). Корреляционный анализ показал наличие связей между этими МАС и костными призна-
ками дизэмбриогенеза (деформациями грудной клетки, арахнодактилией, долихостеномелией и арковидным нёбом), 
а также нарушениями сердечного ритма (суправентрикулярными и желудочковыми экстрасистолами, миграцией 
водителя ритма и эпизодами АВ-блокады 1-й степени). У пациентов с марфаноидной внешностью выше среднее 
число МАС (2,1 ± 1,4 vs 0,9 ± 0,7, p < 0,005) за счет более частого выявления значимых МАС. 

Выводы. Отдельные МАС выявляются у подавляющего большинства здоровых людей. Костные признаки дизэмбрио-
генеза связаны со значимыми МАС и могут служить маркером вовлечения сердца в диспластический процесс. 
У  пациентов с МАС регистрируются значимые сердечные аритмии.

Ключевые слова: малые аномалии сердца; костные признаки дизэмбриогенеза; наследственные нарушения 
(дисплазии) соединительной ткани; нарушения сердечного ритма; молодые люди.

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, prima rily 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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Table 1 / Таблица 1
Prevalence of small heart anomalies in healthy young people
Распространенность малых аномалий сердца среди практически здоровых молодых людей

Small heart anomalies / 
Малые аномалии сердца

All / Всего
(611, 100%)

Men / Юноши
(257, 100%)

Women / Девушки
(354, 100%) p

n % n % n %

Atrial septum aneurysm / 
Аневризма межпредсердной перегородки 146 24.0 68 26.5 78 22.0 0.20

Mitral valve prolapse 1–2 mm / 
Пролапс митрального клапана 1–2 мм 150 24.5 58 22.6 92 26.0 0.33

Pulmonary valve prolapse / 
Пролапс пульмонального клапана 5 0.8 4 1.6 1 0.3 0.20

Tricuspid valve prolapse / 
Пролапс трикуспидального клапана 143 23.4 60 23.3 83 23.4 0.97

Asymmetry of the aortic valve / 
Асимметрия аортального клапана 126 20.6 69 26.8 57 16.1 0.001

Increased trabecularity of the left ventricle / 
Повышенная трабекулярность левого 
желудочка

128 20.9 39 15.2 89 25.1 0.002

Increased trabecularity of the right ventricle / 
Повышенная трабекулярность правого 
желудочка

176 28.8 116 45.1 60 16.9 0.0001

Additional papillary muscles / 
Добавочные папиллярные мышцы 241 39.4 75 29.2 166 46.9 0.0001

False chords of the left ventricle / 
Ложные хорды левого желудочка 459 75.1 190 73.9 269 76.0 0.56

Average of small heart anomalies / 
Среднее количество малых аномалий сердца 2.2 ± 1.4 2.2 ± 1.5 2.2 ± 1.4 1.0

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

Рис. 1. Корреляционные связи малых аномалий сердца с костными признаками дизэмбриогенеза и особенностями сердеч-
ного ритма. Прямая линия — прямая корреляционная связь, пунктирная линия — обратная корреляционная связь

Fig. 2. Prevalence of small heart anomalies in young people with marfanoid habitus
Рис. 2. Распространенность малых аномалий сердца у лиц молодого возраста с марфаноидной внешностью
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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-β 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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