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ABSTRACT

Introduction. The development of angiosurgery re-
quires the morphologists to clarify in more details the
topographic anatomical peculiarities of arterial vessels,
considering their morphogenesis, peculiarities of in-
nervation, age and individual anatomical variability in
different periods of human ontogenesis.

The objective of the study was to clarify the sources
and peculiarities of innervation of the aortic arch and
thoracic aorta in human fetuses.

Materials and methods. The study was performed
on 36 preparations of human fetuses of 81.0-375.0
mm of parietal-coccygeal length using a combination
of methods, such as macro-microscopic preparation,
vascular injection, application staining, making of 3D
reconstruction models, morphometry.

Results. The sources of innervation of the aortic arch
in human fetuses are the cervical cardiac branches of
the vagus nerve, the cervical cardiac nerve and the
single branches of the upper three or four thoracic
ganglia of the sympathetic trunks. The innervation
of the thoracic aorta is performed by the branches of
the thoracic aortic plexus, collateral trunk and also
the branches of the paraaortic plexus, which is locat-
ed between the sympathetic trunk and the thoracic
aorta on both sides. From each thoracic ganglion and
internodal branch of the sympathetic trunks depart
2-6 branches, some of which go to the thoracic aorta
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REsumE

Sources d’innervation de I'arc aortique et de l'aorte
thoracique dans le foetus humain

Introduction. Le développement de I'angiochirurgie
meéne les morphologues a clarifier plus en détail les ca-
ractéristiques topographiques et anatomiques des vais-
seaux artériels, en tenant compte de leur morphoge-
nése, des caractéristiques d’innervation, de ’age et
de la variabilité¢ anatomique individuelle & différentes
périodes de I'ontogenése humaine.

Lobjectif de I'étude est d’analyser les sources et les
caractéristiques de I'innervation de I'arc aortique et de
l'aorte thoracique chez les foetus humains.
Matériaux et méthodes. 'étude a été réalisée sur
36 préparations de feetus humains de 81,0 4 375,0 mm
de longueur pariétale-coccygienne en utilisant un en-
semble de méthodes : la préparation macro-microsco-
pique, I'injection vasculaire, I'application de contraste,
la réalisation de modéles de reconstruction 3D, la mor
phométrie.

Résultats. Les sources d’innervation de ’arc aortique
chez les foetus humains sont les branches cardiaques
cervicales des nerfs vagues, les nerfs cardiaques cervi-
caux et les branches uniques des trois ou quatre nceuds
thoraciques supérieurs des troncs sympathiques.
Linnervation de l'aorte thoracique est assurée par
les branches du plexus aortique thoracique, le tronc
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along the posterior intercostal arteries, and the other
branches are connected by connecting branches form-
ing the collateral trunk. The vagus nerve throughout
the thoracic region gives branches to the thoracic aorta
with the formation of the thoracic aortic plexus.
Conclusions. In human fetuses, the paraaortic plexus
is found between the right and left sympathetic trunks
and the thoracic aorta, in addition to the intermedi-
ate plexus or collateral trunk. In the dynamics of the
fetal period of ontogenesis, a bilateral asymmetry in
the structure and formation of plexuses of the thoracic
aorta is observed. At the end of the human fetal pe-
riod, the number of connecting branches between the
nerve branches of the paraaortic plexus increases.

Keywords: thoracic aorta, aortic arc, innervation, to-
pography, fetus, human.

INTRODUCTION

In recent years, the attention of many scientists
is focused on determination of the patterns of prena-
tal morphogenesis and the formation of topographic
anatomical interrelations of human organs, vessels
and nerves, which is important for ascertaining of
morphological preconditions of the possible occur-
rence of anatomical variants and congenital mal-
formations (CM). The CM incompatible with life
dominate among the causes of early neonatal mortal-
ity: almost 26% of cases of perinatal and neonatal
mortality are associated with congenital pathology of
the child'. According to the US National Statistical
Register, aortic diseases are in the top ten among the
first 113 causes of death?. CM of the aorta are divided
into two groups: CM with a predominance of aortic
pathology (aortic coarctation, open arterial Botall
duct), and CM with possible involvement of the aor-
ta (syndromes of Ehlers-Danlos, Gordon-Overstreet,
Stiller, Grandblad-Standelberg, Williams-Boyren,
Goldenhar)’.

One of the current problems of the modern car-
diovascular surgery is aortic aneurysm, with a mortal-
ity rate of 27.4%?*. The main causes of aortic aneu-
rysms are atherosclerosis of the aortic wall, aortides,
traumatic injury, congenital systemic connective
tissue diseases (e.g., Marfan’s or Ehlers-Danlos syn-
drome), autoimmune diseases, iatrogenic factors due

collatéral, ainsi que les branches du plexus para-aor-
tique, situé entre le tronc sympathique et I'aorte thora-
cique des deux cotés. De chaque nceud thoracique et
branche internodale des troncs sympathiques partent
2 a 6 branches, dont certaines vont a l'aorte thoracique
par les artéres intercostales postérieures, et les autres
branches sont reliées par des branches de connexion
pour former un tronc collatéral. Les nerfs vagues dans
toute la région thoracique donnent des branches a
l'aorte thoracique avec la formation du plexus aortique
thoracique.

Conclusions. Chez les feetus humains, le plexus pa-
ra-aortique se trouve entre les troncs sympathiques
droit et gauche et I'aorte thoracique en plus du plexus
intermédiaire ou tronc collatéral. Dans la dynamique
de la période foetale d’ontogeneése, il existe une asy-
métrie bilatérale dans la structure et la formation des
plexus de laorte thoracique. A la fin de la période foe-
tale humaine, le nombre de branches de connexion
entre les branches nerveuses du plexus para-aortique
augmente.

Mots-clés: aorte thoracique, arc aortique, innerva-
tion, topographie, foetus, humain.

to medical manipulations etc. Marfan’s syndrome,
together with other inherited connective tissue dis-
eases, occupies the second place among the causes
of aortic aneurysms®’. The correction of the aortic
arch pathology (aneurysm, stratification) can be per-
formed by partial resection of the arch or its complete
replacement using various techniques of reimplanta-
tion of the brachiocephalic trunk, common carotid
arteries and the formation of a distal anastomosis®.

The annual number of newly detected thoracic
aortic aneurysms is 3.2-3.5 cases per 100,000 popu-
lation®. According to the localization, the thoracic
aortic aneurysms are: ascending of arch and descend-
ing. The complications of an aortic aneurysm include
stratification, rupture, internal bleeding, hypovolem-
ic shock, thrombosis, and thromboembolism!°.

The stenosis of the proximal thoracic aorta is
usually called aortic coarctation. Despite the sup-
posed simplicity of this defect, the coarctation of
aorta varies considerably from anatomical and physi-
ological points of view, clinical course and methods
of treatment'!,

The development of angiosurgery requires the
morphologists to clarify in more details the topo-
graphic anatomical peculiarities of arterial vessels,
considering their morphogenesis, peculiarities of
innervation, age and individual anatomical vari-
ability in different periods of human ontogenesis'?.
Information about the variant anatomy of the arch
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and descending parts of the aorta is interesting not
only from an anatomical point of view, but also in the
embryological aspect, and allows to plan more care-
fully the surgical interventions. Thus, a good knowl-
edge of the peculiarities of innervation of the arch
and thoracic aorta in human fetuses has not only a
theoretical importance, but also applied value for fe-
tal surgeons.

THE OBJECTIVE OF THE STUDY was to clarify the
sources and peculiarities of innervation of the arch
and thoracic aorta in human fetuses.

MATERIALS AND METHODS

The study was performed on 36 preparations of
human fetuses with parieto-coccygeal length (PCL) of
81.0-375.0 mm, without external signs of anatomical
abnormalities or abnormalities in the development
of the skeleton of the chest, organs and structures of
the thoracic cavity. The clarification of the sources
and ascertainment of topographic anatomical pecu-
liarities of innervation of the arch and descending
aorta, particularly of its thoracic part, during the fe-
tal period of human ontogenesis, requires the use of
adequate morphological research methods (macro-mi-
croscopic preparation, vascular injection, application
staining of dissected vessels and nerves, making of
3D reconstruction models and morphometry), which
allows not only to perform a high-quality scientific
research and to obtain valuable results, but also to
offer practical recommendations. The preparations of
fetuses with weight of more than 500.0 g were stud-
ied directly at the Chernivtsi Regional Municipal
Medical Institution “Pathological Bureau® (Ukraine).
Preparations of fetuses from the morphological mu-
seum of Bukovinian State Medical University were
also used for the study. The research was performed
in compliance with the basic bioethical regulations
of the Council of Europe Convention on Human
Rights and Biomedicine (04.04.1997), the Helsinki
Declaration of the World Medical Association on
ethical principles of scientific medical research
with human participation (1964-2013), the order
of the Ministry of Health of Ukraine N° 690 dated
23.09.2009, and by taking into account the methodo-
logical recommendations of the Ministry of Health
of Ukraine “Procedure of biological objects’ extrac-
tion from deceased persons, whose bodies are li-
able to forensic examination and pathological study
for scientific purposes‘ (2018). The Commission
on Biomedical Ethics of Bukovinian State Medical
University (Ukraine) did not find any violations of
bioethical, moral and legal norms during the scien-
tific research.
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RESULTS AND DISCUSSION

In the studied fetuses, in the innervation of the
aortic arch take part the cervical cardiac branches of
the right and left vagus nerve, cervical cardiac nerves
and single branches from the upper 3-4 thoracic gan-
glia of the right and left sympathetic trunks.

Typically, the upper cervical cardiac branch from
the left vagus nerve goes to the anterior surface of
the left common carotid artery and divides into two
branches: the medial, which reaches the aortic arch
wall, and the lateral, which runs along the anterior
surface of the left common carotid artery. At the site
of adjacency to the aortic arch, from the left vagus
nerve departs the left recurrent laryngeal nerve,
which encircles the aortic arch from below and goes
in the cranial direction along the lateral surface of
the trachea and lies in the tracheoesophageal sulcus.
In one case (fetus of 120.0 mm PCL) from the left
vagus nerve at the level of the lower edge of the aor-
tic arch, slightly above the beginning of the left pul-
monary artery, departed the left recurrent laryngeal
nerve. At the level of the aortic arch, 2-3 branches
begin from the left vagus nerve, that go to the ante-
rior surface of the root of the left lung.

In most of the studied fetuses, the upper cardiac
branch from the right vagus nerve starts at the level of
the lower edge of the right lobe of the thyroid gland
and goes caudally to the anterior surface of the right
common carotid artery. The upper cardiac branch of
the right vagus nerve, slightly above the right sub-
clavian artery, usually divides into 2-4 branches: the
paramedian - to the initial part of the right com-
mon carotid artery, and 13 lateral branches, which go
down and give branches to the shoulderhead trunk,
posterior surface of the right subclavian artery or di-
rectly to the aortic arch. The right recurrent laryn-
geal nerve branches from the right vagus nerve at the
level of crossing of the nerve with the right subcla-
vian artery, then passes medially, encircles the lower
right subclavian artery and goes up to the trachea
and larynx. The lower cardiac branch from the right
recurrent laryngeal nerve goes in the caudo-medial
direction and takes its place on the anterior surface
of the trachea.

The upper cervical cardiac nerve begins with
13 trunks mainly from the upper cervical ganglion,
rarely from the middle cervical ganglion of the sym-
pathetic trunk. In the area of the upper mediastinum,
the right superior cervical cardiac nerve locates in
front of the shoulderhead trunk, and the left cog-
nominal nerve - more ventrally than the left com-
mon carotid artery. Then, the right and left upper
cervical cardiac nerves pass to the anterior surface of
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Fig. 1. The nerves of the arch and thoracic aorta of a fetus of 235.0 mm PCL.
Right (A) and left (B) view. Photo of a macro-preparation. Magnification 1.8".

Legend: 1 — aortic arch; 2 — thoracic aorta; 3 — vagus nerve; 4 — upper cervical heart branches; 5 — recurrent laryngeal nerve;
6 — connecting branch with the aortic nerve (depressor); 7 — branches from the common cardiac trunk to the aortic arch;
8 — subclavian artery; 9 — stellate ganglion; 10 — branches of the vagus nerve to the thoracic aorta; 11 — thoracic part of
the sympathetic trunk; 12 — sympathetic branches to the thoracic aortic plexus; 13 — paraaortic plexus; 14 — greater splanchnic nerve;
15 — branches of the greater splanchnic nerve to the thoracic aorta; 16 — vago sympathetic trunks; 17 — esophageal plexus;
18 — branches of the vagus nerve to the pulmonary plexus (lung is removed); 19 — intercostal nerves; 20 — heart.

the aortic arch and pulmonary trunk and enter the
cardiac plexus.

In the fetus of 235.0 mm PCL, as result of the
connection of the upper cervical cardiac branches
and the upper cervical cardiac nerve, both right
and left, a common cardiac trunk is formed, it runs
caudally and forms connections with the vagus and
recurrent laryngeal nerves (Fig. 1). The common car-
diac trunk in the area of the aortic arch is usually
divided into anterior and posterior branches, that go
to the corresponding walls of the aortic isthmus. Part
of the branches continues into the cardiac plexus.

In human fetuses, the medial cervical cardiac
nerve begins with 13 branches either from the mid-
dle cervical ganglion, or directly from the sympathetic
trunk. In the thoracic cavity, the right medial cervical
nerve is usually found in the area of branching of the
shoulder-head trunk, and the left one between the
left common carotid and subclavian arteries.

From the cervical-thoracic (stellate) ganglion
of both the right and left sympathetic trunks to the
aortic arch branches out the inferior cervical cardiac

nerve, which begins with 3-5 branches that encircle
the corresponding subclavian artery, and with the
help of connecting branches are connected not only
with each other, but with the branches of the vagus
and recurrent laryngeal nerves and the medial cervi-
cal cardiac nerve. In this case, the right lower cervical
cardiac nerve passes behind the shoulderhead trunk,
and the left one behind the aorta, and enters the car
diac plexus.

In the innervation of the thoracic part of the
aorta on both sides mainly take part the branches of
the [I"VI™ thoracic ganglia of the sympathetic trunk,
the greater splanchnic nerve and the branch of the va-
gus nerve (Fig. 2). In isolated cases, in the innervation
of the thoracic aorta in fetuses of different ages may
take part the branches of the II"-XII™ thoracic gan-
glia of the sympathetic trunk. In this case, the larg-
est value has the I thoracic ganglion, which locates
behind the subclavian artery, at the level of the head
of the first rib. In most of the studied fetuses, due to
the confluence of the first thoracic ganglion with the
lower cervical ganglion, a stellate (cervical-thoracic)
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Fig. 2. The nerves of the posterior mediastinum
of the fetus of 245.0 mm PCL. View from the left.
Photo of a macro —preparation. Magnification 2.3".

Legend: 1 — thoracic aorta; 2 — thoracic part of the left sym-
pathetic trunk; 3 — sympathetic branches to the thoracic aortic
plexus; 4 — connecting branches of the thoracic aortic plexus;
5 — paraaortic plexus; 6 — left vagus nerve; 7 — branches of the

vagus nerve to the thoracic aortic plexus; 8 — pulmonary plexus;
9 — connecting branches between the nerve branches of the pul-
monary and thoracic aortic plexuses; paraaortic plexus;
10 — esophageal plexus; 11 — greater splanchnic nerve;
12 — branches of the greater splanchnic nerve to the thoracic
aorta; 13 — additional semi-paired vein; 14 — intercostal nerves;
15 — intercostal artery of the 11" intercostal space; 16 — first rib.

ganglion is formed. However, in isolated cases (fe-
tuses of 95.0, 165.0, 240.0 and 315.0 mm PCL) the
formation of a stellate ganglion due to the confluence
of the first and second thoracic ganglia was detected.
The internodal branches of the thoracic sympathetic
trunk consist of 1-3 bundles of varying thickness and
length. The thoracic cardiac branches are mainly
directed from the stellate ganglion, and in isolated
cases from the 1", 1T, ITVh and V' thoracic ganglia.

From the thoracic nodes of the right and left
sympathetic trunks go the connecting branches.
Particularly, from the paramedian edge of the thorac-
ic ganglia, usually from the upper five or six, branch
out the connecting branches to the organs, vessels
and plexuses of the thoracic cavity, and from the
lateral edge or posterior periphery of each thoracic
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Fig. 3. Nerves of the posterior mediastinum
of a fetus of 185.0 mm PCL. View from the left.
Photo of a macro-preparation. Magnification 2.4*.

Legend: 1 — thoracic aorta; 2 — left sympathetic trunk;
3 — sympathetic branches to the thoracic aortic plexus;
4 — collateral (bypass) trunk; 5 — branches of the vagus nerve
to the thoracic aorta; 6 — greater splanchnic nerve; 7 — branches
of the greater splanchnic nerve to the thoracic aorta; 8 — lesser
splanchnic nerve; 9 — first rib; 10 — intercostal nerve of the II11
intercostal space; 11 — connecting branches from the thoracic
node of the sympathetic trunk to the V" and VI intercostal
nerves; 12 — intercostal nerve of the VII™ intercostal space;
13 — connecting branches from the thoracic ganglion of the sym-
pathetic trunk to the VII™ and VIII" intercostal nerves;
14 — intercostal nerve of the [X™ intercostal space;
15 — esophageal plexus.

ganglion - connecting branches to the intercostal
nerves. The interesting fact is that the connecting
branches can join not only to the intercostal nerve,
which is located at the level of corresponding thoracic
ganglion of the sympathetic trunk, but also to the
intercostal nerves located above and below (Fig. 3).
Connective branches between the thoracic ganglia
of the sympathetic trunks and vagus nerve were also
found. Herewith, a part of branches, going medially,
reaches the walls of the intercostal vessels, azygos vein
(on the right), semi-paired and additional semi-paired
veins (on the left) and also the thoracic duct. Other
branches take part in the formation of the thoracic
aortic plexus, which in its upper part has connections
with the cardiac plexus, and in the lower part with
the abdominal plexus and, also of the plexuses of the
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Fig. 4. Nerves of the posterior mediastinum
of a fetus of 190.0 mm PCL. View from the left.
Photo of a macro-preparation. Magnification 2.6".

Legend: 1 — thoracic aorta; 2 — collateral (bypass) trunk; 3 —
sympathetic branches to the thoracic aorta; 4 — left sympathetic
trunk; 5 — vagus nerve; 6 — esophageal branch of the vagus nerve;
7 — greater splanchnic nerve; 8 — branches of the greater splanch-
nic nerve to the thoracic aorta; 9 — lesser splanchnic nerve; 10 —
thoracic cardiac nerve; 11 — stellate ganglion; 12 — intercostal
nerves; 13 — the root of the left lung (lung is removed).

internal organs, namely esophageal branches - of the
esophageal plexus, pulmonary branches - of the pul-
monary plexus.

Attention is drawn to the fact that in the para-
median of each thoracic ganglion and of internodal
branch of the right and left sympathetic trunks de-
parts from 2 to 6 branches, and some of them go
to the thoracic aorta along the posterior intercostal
arteries. The other branches are connected by branch-
es of different lengths and thicknesses and form a
bypass (collateral) trunk (Fig. 4), in which 2-6 nerve
ganglia are located on the same line.

On 23 preparations of the fetuses of different
age (63.88%) the nerve branches crossed the ante-
rior intercostal arteries in front and descended at
a considerable distance along the lateral wall of the
thoracic aorta. These branches then connect to adja-
cent branches and branches of the greater splanchnic
nerve and form the paraaortic plexus. The greater

Fig. 5. The nerves of the posterior mediastinum
of a fetus of 170.0 mm PCL.
Photo of a macro-preparation. Magnification 2.4*.

Legend: 1 — thoracic aorta; 2 — paraaortic plexus; 3 — connecting
branches between the nerve branches of the paraaortic plexus;
4 — sympathetic trunks; 5 — sympathetic branches to the thoracic
aorta; 6 — vagus nerve; 7 — pulmonary plexus; 8 — esophageal
plexus; 9 — branches of the esophageal plexus to the thoracic
aorta; 10 — branches of the greater splanchnic nerve
to the thoracic aorta; 11 — stellate ganglion; 12 — first rib;

13 — intercostal nerve of the IV*" intercostal space; 14 — V" rib;
15 — VIII* rib; 16 — X" rib.

splanchnic nerve usually begins with 2-5 branches
from the ventromedial surface of the V"-IX®™ thoracic
ganglia, which are located on the lateral surface of
the thoracic vertebrae and mainly at the level of the
[X"X™ thoracic vertebrae are connected into a single
common trunk. Besides the nerve branches to the
thoracic aorta, branches are also directed from the
greater splanchnic nerve to the mediastinal part of
the parietal pleura, to the abdominal plexus, and to
the lesser splanchnic nerve. The latter begins with
23 branches from the IX™XI" thoracic ganglia. The
different skeletotopic level of placement of the great
er splanchnic nerve’s branches that take part in the
innervation of the thoracic aorta was established -
from IV® to XI*h ribs. From the paraaortic plexus,
the nerves both on the right and on the left go to
the thoracic aorta, approaching to which the separate
nerve branches are divided into two trunks, one of
which enters the wall of the thoracic aorta, the other
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Fig. 6. The nerves of the posterior mediastinum of a fetus of 165.0 mm PCL. View from the left. Photo of macro-prepara-
tion (A), computer three-dimensional reconstruction (B). Magnification 2.2* (A), magnification 1.8 (B).

Legend: 1 — thoracic aorta; 2 — sympathetic branches to the thoracic aorta; 3 — connecting branches of the thoracic aortic plexus; 4 —
left vagus nerve; 5 — greater splanchnic nerve; 6 — branch of the greater splanchnic nerve to the thoracic aorta; 7 — connecting nerve
branch of the left sympathetic trunk and to the VIII™ intercostal nerve; 8 — intercostal arteries; 9 — intercostal nerves; 10 — first rib.

one goes to the pulmonary or esophageal plexus. As
it was mentioned above, a part of the sympathetic
branches connects with the branches of the vagus
nerve and forms vagal sympathetic trunks on the
lateral surface of the thoracic aorta, from which the
branches branch out to both, the thoracic aorta and
the esophagus. In addition, in one fetus of 170.0 mm
PCL from the esophageal plexus went two branches
to the thoracic aorta (Fig. 5).

The vagus nerves throughout the thoracic region
give branches to the thoracic aorta, with the forma-
tion of the thoracic aortic plexus, which is located
on the anterior-lateral walls of the aorta (Fig. 6). The
nerves that surround and accompany the branches
of the thoracic aorta depart from the thoracic aortic
plexus.

We established that in human fetuses of 7-10
months, in comparison with fetuses of 6 months,
the number of connecting branches between nerve
branches of paraaortic plexus increases.

Herewith, it was found that the sympathetic
thoracic pulmonary branches approach the thoracic
aorta mainly at the level of the IV™VI" intercostal
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spaces in 19.44% of cases (7 fetuses) on the right and
in 33.33% of cases (12 fetuses) on the left.

Noteworthy are the data obtained by us during
macro-micro-preparation of the nerves of the arch
and thoracic aorta in human fetuses of 4-10 months.
Thus, the sources of innervation of the aortic arch in
the fetal period of human ontogenesis are the cervical
cardiac branches of the vagus nerves, cervical cardiac
nerves and single branches of the upper three or four
thoracic ganglia of the sympathetic trunks.

The obtained results on the topographic ana-
tomical interrelations of the left recurrent laryngeal
nerve and the aortic arch correspond with the data of
individual authors'**¢,

According to our studies, the innervation of
the thoracic aorta is provided by the branches of the
thoracic aortic plexus, collateral trunk, and branches
of the paraaortic plexus, which is located between
the sympathetic trunk and the thoracic aorta on
both sides. The vagus nerves throughout the thoracic
region give branches to the thoracic aorta with the
formation of the thoracic aortic plexus, from which
depart the nerves that surround and accompany the
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branches of the thoracic aorta, which corresponds
with the research!!8,

Our studies showed that in the dynamics of the
fetal period of ontogenesis there is a bilateral asym-
metry in the structure and formation of plexuses of
the thoracic aorta. The nerve branches going to the
thoracic aorta from various sources enter its wall, ei-
ther together with blood vessels or in isolation.

The obtained data on fetal variant anatomy of
the nerves of the arch and thoracic aorta deserve spe-
cial attention. Particularly, in the fetus of 235.0 mm
PCL it was described the formation of a common
cardiac trunk, result of the confluence of the upper
cervical cardiac branches and the upper cervical car-
diac nerve, which in the aortic arch was divided into
anterior and posterior branches. In another fetus of
170.0 mm PCL, two nerve branches from the esopha-
geal plexus went to the thoracic aorta.

The results of our study offered data on the par-
ticipation, topography and number of branches from
the thoracic ganglia of the right and left sympathetic
trunks in the innervation of the thoracic aorta. Thus,
from each thoracic ganglion and internodal branch
of the right and left sympathetic trunks depart 2-6
branches, some of which go to the thoracic aorta
along the posterior intercostal arteries, and other
branches are connected by branches forming a by-
pass trunk. At the end of the fetal period of human
ontogenesis, an increase in the number of connecting
branches between the nerve branches of the paraaor
tic plexus was observed.

The sympathetic thoracic pulmonary branches
approach the thoracic aorta mainly at the level of the
[VEVI™ intercostal spaces in 19.44% of cases on the
right and in 33.33% of cases on the left.

The study revealed a quantitative predominance
of branches of the sympathetic trunk on the thorac-
ic aorta and diaphragm, and branches of the vagus
nerve - on the esophagus.

Due to 3D reconstruction, we were able to de-
termine and describe the spatial interrelations of the
thoracic aortic nerves in fetuses of different ages.

In the future, it would be desirable to establish
patterns of functional variation of nerves, plexuses
and anastomoses in the thoracic aorta, as well as of
the structural organization of the adventitious plexus
of the thoracic aorta during the fetal period of hu-
man ontogenesis.

ConcLusIoNs
The innervation of the aortic arch is provided

by the cervical cardiac branches of the vagus nerves,
the cervical cardiac nerves and the branches of the

upper three or four thoracic ganglia of the sympa-
thetic trunks.

In human fetuses, between the right and left
sympathetic trunks and the thoracic aorta, in addi-
tion to the intermediate plexus or collateral trunk,
a paraaortic plexus is determined, the branches of
which are involved in the innervation of the thoracic
aorta.

The bilateral asymmetry of the structure and
topography of the plexuses of the thoracic aorta was
established.

At the end of the fetal period of human ontogen-
esis, the number of connecting branches between the
nerve branches of the paraaortic plexus increases.
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