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The study of age and individual anatomical variability of vagus nerves and their branches in different age periods of human onto-
genesis causes interest among both morphologists and doctors of different specialties.

The aim of the study. To find out the topography of the cervical and thoracic divisions of the vagus nerves in human fetuses aged
from 4™ to 10" gestational months.

Materials and methods. The research was conducted on 75 preparations of human fetuses ranging from 81.0 to 375.0 mm in
parietal-coccygeal length (PCL) using methods of macro-microscopic dissection and morphometry.

Results. In human fetuses, the left vagus nerve is placed anteriorly to the left subclavian artery, then on the lateral surface of
the Botallo’s arterial duct and the aortic arch. In the neck region, the superior cardiac branch departs from the left vagus nerve
and goes to the anterior surface of the left common carotid artery.

In the inferior part of the left common carotid artery, the superior cardiac branch gives off two branches: the middle one reaches
the aortic arch wall, and the lateral one runs along the anterior surface of the left common carotid artery. The left recurrent laryngeal
nerve departs from the left vagus nerve at the level of the inferior border of the aortic arch. The right vagus nerve passes from
the right subclavian artery anteriorly and gives rise to the right recurrent laryngeal nerve, which continues inferiorly and posteriorly
around the subclavian artery. The superior cardiac branch originates from the right vagus nerve at the level of the inferior border
of the thyroid gland. The inferior cardiac branch departs inferiorly and medially from the right laryngeal nerve and is located on
the right anterolateral surface of the trachea.

Conclusions. During the fetal period of human ontogenesis, age and individual anatomical variations of the branches of the cer-
vical and thoracic vagus nerves is observed, which is manifested by the variability of the structure, asymmetry of the topography
of the recurrent laryngeal nerves, bronchial, esophageal and cardiac branches. The left recurrent laryngeal nerve departs from
the left vagus nerve at the level of the inferior border of the aortic arch, the right recurrent laryngeal nerve departs from the right
vagus nerve at the level of the right subclavian artery. The esophageal nervous plexus is formed by esophageal branches of
the vagus nerves, which then forms mainly the posterior vagal trunk. The anterior vagal trunk is a direct continuation of the left
vagus nerve branches. The innervation of the aortic arch involves the common cardiac trunk, which is formed by the superior
cardiac branch and the superior cardiac nerve and also anastomoses both with vagus nerve and with recurrent laryngeal nerves.

®etanbHa Tonorpadin rinoK WKMMHOTO Ta FPYAHOTO BiAAIAIB OAyKalOuMX HepBiB

A. f. NonywHsik, T. B. Xmapa, H. M. Mani6poaa, A. A. WocTeHko, 0. M. Boiuyk, A. 0. lMaramap

MeTa po6otu — 3'scyBatv Tonorpadito rinok WWAHOTO Ta rpyaHoro Biaainis bnykakumx HepeiB y nnogis noanHn 4-10 micauis.

Marepianu Ta metogu. [JocnimxeHHs 3aicHANW Ha 75 npenapatax nnogis niogutn 81,0-375,0 MM TiM AHO-KyNPUKOBOT AOBXUHN
3a [JONOMOroK MeTO/iB MaKpPOMIKPOCKOMIYHOTO NpenapyBaHHs Ta MOpdoMETpii.

Pesynkrati. Y nnogis ntoguHy niuii 6riykarounii Heps po3MiLLyeTbCA criepeay NiBoi NiAKMO4NYHOI apTepii, NOTiM Ha BiYHiA NOBEPXHI
apTepianbHoi npoTokv Botanna Ta ayrv aopTu. Y AinsHUi Wwwi Big niBoro Bnykak4oro HepBa BigXOAWTb BEPXHS CepLieBa rinka,
LU0 NpsIMYe 10 NepeaHbOoi MOBEPXHI NIBOT 3aranbHOi COHHOI apTepii. Y HWKHLOMY Bifini NMiBoi 3aranbHOI COHHOI apTepii BEpXHS
cepLeBa rinka Bigaae ABi rinky: NpUcepeaHio, Lo JoCsrae CTiHKW Ayrv aopTu, Ta GiuHy, L0 ae Y3[0BX NnepesHbOi NOBEPXH NiBoi
3aranbHOi COHHOI apTepii. Ha piBHI HUXHBOTO Kpato Lyrv aopTy Bif NiBoro 6rykao4oro HepBa BiAXOAUTb NiBUIA MOBOPOTHMIA rop-
TaHHWiA HepB. MpaBui Brykatounii HEPB MPOXOAWTL Crepeay Bifd NPaBOi NiAKMYNYHOT apTepii Ta BigAae NOBOPOTHWIA rOpTaHHWUIA
HEpPB, SKWIA OTVHaE NIAKMIOYNYHY apTepito 3HU3Y i 33ady. Ha piBHI HUKHBOIO Kpato LMTONoAIGHOT 3a103 Big NpaBoro brykato4oro
HepBa BiAranyXyeTbCst BepXHs cepLieBa rinka. Big npaBoro noBOPOTHOO ropTaHHOMo HEPBa BiAXOAUTb HKHS cepLiesa rifka, Lo
npsIMye BHW3 | MeAianbHO Ta PO3TaLLOBYETLCA Ha NPaBill nepeaHbOobIYHi NOBEpXHI Tpaxei.

BucHoBKM. YNpogoBX nnofoBoro nepiogy OHTOreHesy NoAvHM CrocTepiracTbCs BikoBa Ta iHAMBIAyanbHa aHaToMiYHa MIHNUBICTb
rinoK LWMIAHOTO Ta rpyAHOro BiaAiNis 6rykatumx HepBiB, L0 NPOSBNSETLCS BapiabenbHicTto Oynosw, acumeTpieto Tonorpadii noso-
POTHWX FOpTaHHKX HepBiB, BPOHXOBWX, CTPABOXIAHWX | CEpLEBWX rinoK. Big nisoro Brykato4oro Hepea Ha PiBHi HYKHBOTO Kpato yrv
aopTK BiAXOQWUTH NiBUIA NOBOPOTHUI FOPTaHHWIA HEPB. MpaBuii NOBOPOTHUIA FTOPTaHHWIA HEPB BiAXOAWTb Bif NPaBoOro Gnykato4oro
HepBa Ha piBHi NpaBoi nigkntounyHoi apTepii. CTpaBoXiaHi rinky Gnykao4mnx HEpBIB YTBOPHOIOTL CTPABOXiAHE HEPBOBE CMIIETEHHS,
3 AKoro hopMyETLCS NEPEBaXHO 3aaHil Griykatounii cToOyp. MepeaHin Gnykatoumin ctoOyp € 6eanocepeaHiM NPOLOBXEHHAM
rinok nisoro Grykato4oro Hepsa. B iHHepBaLji ayrv aopTu 6epe y4acTb 3aranbHui cepLeBuin cTOBOYP, LLIO YTBOPEHNIA BEPXHBOK
CepLEBOIO MifKOKO Ta BEPXHIM CepLEBUM HEPBOM, @ TAKOX Ma€ 3B'A3kW 5K i3 Griykarounm, Tak i 3 NOBOPOTHUM FOpTaHHUM HEpBaMK.
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®detanbHas Tonorpadua BETBEN LUEWHOTO U FPYAHOTO OTAEAOB OAY)KAQIOLLUX HEPBOB

A. f. NonywwHsik, T. B. Xmapa, H. M. Maaunbpoaa, A. A. LWocteHko, 0. M. Boiuyk, A. A. Manamap

Llenb pa6oThl — BbISICHUTL TOMorpachuto BETBEN LUEIHOTO M rPYAHOTO OTAENOB Gy aatoLLmx HEPBOB Y NNoAoB Yernoseka 4—10
MecsiLeB.

Marepuanki n metogsl. ViccnenoBanue npoBeaeHo Ha 75 npenaparax nnogos Yenoseka 81,0-375,0 MM TeMeHHO-KOMYMKOBOW
[MHBI C MOMOLLbI0 METOZ0B MaKPOMMKPOCKOMMYECKOrO NpenapyupoBaHus 1 MOpdhoMETpuM.

PesynkTathl. Y NnNofoB Yenoseka NeBbin OnyxaatoLLmin HepB pa3MeLLaeTcs Criepeam NeBon NOAKI0YNYHON apTepum, a 3aTeM
natepanbHee apTepuanbHoro botannosa npoToka 1 Ayr aopTbl. B obnactu wew ot nesoro GryxaaroLiero Hepea OTXOQUT
BEpXHSs CepaeyHas BEeTBb, KOTOpas HaNpaBnseTcs K nepeaHei NoBEpPXHOCTY NEBO 0BLLUei COHHOV apTepui. B HkHem oTaene
neBoi 06LLEn COHHOW apTepun BEpXHAS CepaeydHas BETBb OTAAET [Be BETBU: MeAuasnbHyto, KoTopas AOCTUraeT CTEHKU Ayru
aopThbl, U naTepanbHyio, KOTopast MPOXOANUT BAOMb NEpenHe NOBEPXHOCTM NEBOI 0BLLEeN COHHOM apTepun. Ha ypoBHE HIKHEro
Kpasi oyrv aopThbl OT NIEBOrO Gny»/aatoLLero Hepea OTXOANUT NEBbIA BO3BPATHBIN rOpTaHHbIA HepB. MpaBbiii OnyxaatoLwmin Heps
MPOXOANT Ciepean OT NPaBO NOAKIIOYMYHON apTepUn U OTAAET BO3BPATHBINA FOPTaHHbIN HEPB, KOTOPbLIN OrBaeT NOAKIIIOYNYHYI0
apTepuio CHU3Y 1 c3aau. Ha ypoBHE HIXKHETO Kpast LUMTOBUAHOW Kenesbl OT NpaBoro 6y aatoLLero HepBa OTBETBISETCS BEPXHSS
cepaeyHas BetBb. OT NpaBoro BO3BPATHOM rOPTAHHOTO HEPBA OTXOAMT HUXKHAS CepaeyHas BETBb, KOTOpas HanpaBnseTcs BHU3
1 MefuanbHo 1 pacnonaraeTcs Ha npasoi NepeaHeboKOBON NOBEPXHOCTU TPaXeu.

BriBoAkI. B Te4eHWe nnoaHoro nepuoga oHToreHesa YenoBeka HabrioaaeTcs Bo3pacTHas M MHAVBIULAyanbHas aHaToMU4eckas
M3MEHYMBOCTb BETBEN LLIEMHOTO U rPYAHOrO OTAENOB Bnyxaatolmnx HepBOB, KOTOpasi XxapaKkTepuayetcsi BapuabenbHOCTbIo
CTPOEHUSI, acCMMMETpUElt Tonorpacum Bo3BPaTHbIX FOPTaHHLIX HEPBOB, BPOHXMANbBHBIX, MULLEBOAHBLIX U CEPAEYHbIX BETBEN.
OT neBoro 6rnyxpaaroLLero Hepea Ha YPOBHE HIKHETO kpast Ayrv aopThbl OTXOAUT NEBbINA BO3BPATHbIN ropTaHHbIiA HepB. MNpaBbii
BO3BPATHbIA FOPTaHHbI HEPB OTXOAWT OT NMPaBOro By /JatoLLEero HepBa Ha ypoBHe NPaBOVi MOLKIYMYHON apTepuu. MnLeBo-
[Hble BETBM ONyXaaroLLmMx HEPBOB 06pa3yHoT NULLEBOAHOE HEPBHOE CMIIETEHME, U3 KOTOPOTO POPMUPYETCS MPENMYLLECTBEHHO
3agHWiA Gnyxaatolmii cteon. MepeHuin GnyxaatoLmii CTBON SBMSIETCS HEMOCPEACTBEHHBIM MPOLOMKEHNEM BETBEN NEBOTO
GnyxpatoLLero Hepaa. B nHHepBaLmm yrvi aopTbl y4acTByeT 0OLLMIA CepAeYHbIN CTBOS, KOTOPbIN 0Bpa3oBaH BepxHeWn CepaeyHoi
BETBbIO U BEPXHVM CepAeYHbIM HEPBOM, @ TAKKE MMEET CBA3N Kak C GriyxaatoLLyM, Tak 1 C BO3BPATHbLIM rOPTaHHbIM HEPBaMMK.

The vagus nerve is a main component of the parasympa-
thetic part of the autonomic nervous system, which controls
important functions of the body, including mood control,
immune response, digestive process and heart rate [1-4].

The development of new methods of surgical inter-
ventions on the organs of the cervical and thoracic cavity,
and also methods of analgesia and vagus stimulation is
inextricably connected with the study of typical and variant
anatomy of the branches of the cervical and thoracic divi-
sions of vagus nerves. The vagus nerve can be located both
dorsally and ventrally towards the common carotid artery.

Between 12 and 20 gestational weeks, the vagus nerve
shifts to the ventrodorsal direction relatively to the common
carotid artery [5-8].

The study of age and individual anatomical variability
of the vagus nerves and their branches in different ages of
human ontogenesis causes interest in both morphologists
and doctors of different specialties [9,10]. Knowledge of
the topography and possible branching of the recurrent la-
ryngeal nerve allows to localize its branches during anterior
cervical surgery, and also provides adequate resection of
these branches in patients with spastic dysphonia [11,12].

An increased interest in further studying of structural
organization of the anterior cervical area and mediastinum
in health and pathology is determined by the growth in con-
genital and acquired diseases of these organs and structures
[13,14]. Despite the high practical value, known scientific data
on morphology of the larynx, thyroid and parathyroid glands,
oesophagus, trachea, bronchi and adjacent structures in
human fetuses of different age periods [15] do not solve all of
the current problems of perinatal medicine and fetal surgery.

Therefore, we consider the research of correlative
relationships of vagus nerves and their branches with
adjacent organs and structures during the fetal period of
human ontogenenesis to be relevant.

Aim
To find out the topography of the cervical and thoracic

divisions of the vagus nerves in human fetuses aged from
4% to 10" gestational months.

Materials and methods

The study of the topographic and anatomical features
of the branches of the cervical and thoracic divisions of
the right and left vagus nerves was conducted in 75 prepa-
rations of human fetuses ranging from 81.0 to 375.0 mm
in parietal-coccygeal length (PCL) using the methods of
macro- and microscopic dissection and morphometry. The
study included only cases where the cause of death was
not related to pathology of the organs and neurovascular
formations of the cervical and thoracic cavity. The prepara-
tions of fetuses weighing more than 500.0 g were studied
at Chernivtsi Regional Children Pathoanatomical Bureau
under a Cooperation agreement. Preparations of fetuses
from the M. H. Turkevych Museum of the Department of
Human Anatomy of HSEE of Ukraine “Bukovinian State
Medical University” were also used for studies.

The studies were performed in compliance with
the general bioethical provisions of the Council of Europe
Convention on Human Rights and Biomedicine (from
April 4, 1997), the World Health Association Declaration
of Helsinki on Ethical Principles for Scientific Medical
Research with Human Participation (1964-2013), order
of the Ministry of Health Care of Ukraine No. 690 of
September 23, 2009, and taking into account the metho-
dological recommendations of the Ministry of Health
Care of Ukraine “Procedure for the removal of biological
objects from deceased persons whose bodies are subject
to forensic examination and pathoanatomical research,
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for scientific purposes” (2018). The Board on Biomedical
Ethics of the HSEE of Ukraine “Bukovinian State Medical
University” found no violations of moral norms during
scientific research.

Results and discussion

At the beginning of the fetal period of human ontogenesis
(fetuses of 81.0-95.0 mm PCL), the right vagus nerve is
located behind the brachiocephalic trunk. The left vagus
nerve in the superior mediastinum is located anteriorly
to the left subclavian artery, then on the lateral surface of
the Botallo’s arterial duct and the aortic arch. At the level
of the inferior border of the aortic arch to the left from
the vagus nerve, the left recurrent laryngeal nerve departs.
Laterally to the left vagus nerve, on the anterior left surface
of the aortic arch, the left diaphragmatic (phrenic) nerve and
the pericardiophrenic vessels are placed. After departing
the left recurrent laryngeal nerve, the left vagus nerve
passes into the fissure between the aortic arch and the left
pulmonary artery to the posterior surface of the left lung
hilum. In the projection of the vertebral column, the superior
border of the left lung hilum corresponds to the midline of
the T3 vertebra and the inferior border to the T5 vertebra. At
the level of the inferior border of the left lung hilum, the left
vagus nerve moves to the anterior wall of the esophagus.

Atthe level of the right sternoclavicular joint, the 3.0 mm

Fig. 1. Organs and structures of the neck of the fetus of 155.0 mm PCL. Gross specimen. Img. x3.5:

1: vagus nerves; 2: right recurrent laryngeal nerve; 3: superior cervical ganglia; 4: superior cervical
cardiac nerves; 5: aortic arch; 6: branches from the common cardiac trunk to the aortic arch; 7: hyroid

to the right of the trachea, there is a place of the brachioce-
phalic trunk bifurcation to the right common carotid and right
subclavian arteries. The right vagus nerve extends anteriorly
from the right subclavian artery and gives rise to the right
recurrent laryngeal nerve, which loops under the right
subclavian artery behind. Then the right vagus nerve runs
behind the right brachiocephalic and superior vena cava,
pass towards the posterior surface of the right lung hilum
and at the level of the inferior border of the right main bron-
chus courses to the posterior surface of the esophagus and
gives off branches to the esophageal plexus.

In the fetuses aged from 5" to 8" month (135.0-
310.0 mm PCL), the right vagus nerve in the neck descends
on the posterolateral surface of the right common carotid
artery, with the internal jugular vein located in front and
outside of the nerve. Having reached the level of the right
subclavian artery, the right vagus nerve passes between it
and the internal jugular vein. At the level of the inferior border
of the thyroid gland, the superior cardiac branch originates
from the right vagus nerve. The latter goes down and in-
nervates the anterior surface of the right common carotid
artery. At2.8 + 0.8 mm above the level of the right subclavian
artery, the superior cardiac branch gives off 2-3 branches:
the middle that intersects the anterior surface of the initial
compartment of the right common carotid artery and passes
to its posterior surface; and 1-2 lateral branches, down-
ward and extending branches to the brachiocephalic trunk
and posterior surface of the right subclavian artery. Then,
the lateral branches pass on the external border of the bra-
chiocephalic trunk and gradually enter its posterior surface
reaching the level of the right pulmonary artery discharge.

At the beginning, the superior cardiac branch (depres-
sor) runs downwards in isolation, and at the distance of
1.3 £ 0.25 mm the superior cardiac nerve joins it. The latter
is represented by 1-3 columns. In rare cases (fetuses of
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gland; 8: trachea; 9: hyoid bone.

155.0, 190.0, 275.0 and 310.0 mm PCL), the depressor is
represented by a rather thin branch that goes to the superior
cardiac nerve starting from the superior or middle cervical
node. As a result, the common cardiac trunk is formed con-
taining more sympathetic than parasympathetic fibers. The
common cardiac trunk goes then caudally, anastomoses
with the vagus and the recurrent laryngeal nerves, and in
the area of the aortic arch, as a rule, gives off the anterior
and posterior branches, leading to the corresponding wall
of the aortic isthmus (Fig. 1). A part of the branches of
the common cardiac trunk continues into the cardiac plex-
us. It should be noted that the stellate ganglion gives off
2-6 branches to the aorta arch. These branches surround
the subclavian artery anastomosing with each other on its
way, as well as to branches of the vagus and the recurrent
laryngeal nerves. It is also worth noting that single branch-
es from the 3“—4" superior cervical ganglia also reach
the aortic arch.

The right recurrent laryngeal nerve originates from
the right vagus nerve at the level of its intersection with
the right subclavian artery. Then the right recurrent laryngeal
nerve deflects medially, loops under the right subclavian
artery and travels upwards to the trachea and larynx. From
the right recurrent laryngeal nerve, the inferior cardiac
branch extends downwards and medially and is located
on the right anterior surface of the trachea. The superior
vena cava is located in front of the inferior cardiac branch,
and medially — the brachiocephalic trunk and the ascending
part of the aorta. The inferior cardiac branch is divided into
the medial and lateral branches at the level of the branch
of the right main bronchus arising from the trachea.
The middle branch is continuation of the inferior cardiac
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Fig. 2. Organs and structures of the neck and superior mediastinum of the fetus of 185.0 mm PCL.
Gross specimen. Img. x3.5:

1:vagus nerves; 2: left recurrent laryngeal nerve; 3: aortic arch; 4: brachiocephalic trunk; 5: common
carotid arteries; 6: subclavian arteries; 7: superior vena cava; 8: pulmonary trunk; 9: trachea;

10: thyroid gland.
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branch, extending behind the aorta, reaching the places of
the bifurcation of the pulmonary trunk to the right and left
pulmonary arteries. At this level, the middle branch connects
to the cardiac branches of the left vagus nerve. The lateral
branch is located along the anterior surface of the right main
bronchus, then passes between the bronchus and the right
pulmonary artery, reaching the hilum of the right lung. The
right vagus nerve runs behind the right lung hilum and is lo-
cated in the cellular tissue between the right main bronchus
and the azygos vein. The right vagus nerve, below the re-
current laryngeal nerve, gives off 2-3 branches to the right
lung hilum that are behind the superior vena cava, then
connect with each other and pass to the anterior surface of
the right lung hilum. These branches reconnect at the level
of the superior border of the right pulmonary artery and give
off 2-3 middle branches to the heart, reaching the superior
vena cava, and also follow the plexus at the posterior sur-
face of the right atrium (between the superior and inferior
vena cava). 3-5 bronchial branches depart from the right
vagus nerve and run to the wall of the right pulmonary
artery and vein, and partially, the right main bronchus, then

they anastomose with each other and, finally, with the right
anterior pulmonary plexus. At the level of the inferior border
of the right lung hilum, the right vagus nerve gives off, as a
rule, 2 large branches — anterior and posterior, sometimes
(fetuses of 178.0, 190.0, 290.0, and 310.0 mm PCL) —
3-4 branches. The smaller branches, which depart from
the large ones, are located on the anterior and posterior
surfaces of the esophagus. The esophageal branches are
originated form the esophageal nervous plexus. The right
vagus nerve, after branching of the esophageal branches,
usually passes into the posterior vagal trunk.

In the superior mediastinum, the left vagus nerve
extends over the anterior surface of the aortic arch. It
should be noted that in the fetuses of 185.0 mm PCL, both
the right and left vagus nerves cross the anterior surface
of the corresponding subclavian artery when passing into
the thoracic cavity. In the region of the neck, the superior
cardiac branch departs from the vagus nerve and runs
to the anterior surface of the left common carotid artery.
In the inferior part of the left carotid artery, the superior
cardiac branch gives off two branches: the middle one that
reaches the walls of the aortic arch and the lateral which
runs along the anterior surface of the left common carotid
artery. At the location of adjacent to the left aortic arch,
the left vagus nerve gives rise to the left recurrent laryn-
geal nerve, which loops the aortic arch from below, going
upwards on the trachea lateral surface, and then passes
into the tracheo-esophageal groove (Fig. 2).

In the superior mediastinum, the left vagus nerve is
separated from the diaphragmatic nerve by the left superior
intercostal vein, which flows into the left brachiocephalic vein.
Atthe level of the aortic arch, from the left vagus nerve, mainly
3-4 branches go to the anterior surface of the left lung hilum
branching and connecting to each other, forming the anterior
pulmonary plexus. Separate branches reaching the hilum of
the left lung pass to the mediastinal surface and branching
in the subpleura. Middle and lateral branches were found
in the left lung hilum area on the anterior surface of the left
pulmonary artery among the branches of the left vagus nerve.
The latter runs to the hilum of the left lung along the wall
of the left pulmonary artery and, partially, the left superior
pulmonary vein. Some branches descend to the anterior
surface of the superior pulmonary vein, curve around it and
run along its posterior wall to the heart. Two middle branches,
as a rule, go on the anterior surface of the left pulmonary
artery inferior border and penetrate the pericardium. One of
the middle branches passes through the anterior surface of
the left pulmonary artery, and then the pulmonary trunk and
gives off branches to their walls. The second middle branch
at the level of the left pulmonary artery gives off branches to
the hilum of the left lung, after which it returns medially and
goes to the left atrium wall at the level of the superior border
of the left auricle. Among the left anterior pulmonary plexus
branches, which go to the heart, single nerve branches which
pass behind the left pulmonary artery to the anterior surface
of the left atrium and connect with the branches of the right
anterior pulmonary plexus are identified.

It should be noted that in 96 % of the studied prepara-
tions of human fetuses, the left vagus nerve is adjacent to
the middle border of the superior left pulmonary artery, while
the right vagus nerve is 5.7 £ 1.5 mm medially to the border
of the right pulmonary veins.
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In the fetuses, 210.0 mm PCL in the neck area, both
the right and left vagus nerves descend within the cervical
neurovascular bundle, it is placed between the internal
jugular vein and the common carotid artery, with the left
vagus nerve being slightly behind, at the back of these
vessels (Fig. 3). Within the superior mediastinum, the right
and left vagus nerves pass along the anterior surface of
the corresponding subclavian artery, the esophagus is
placed in the middle sagittal plane, while the trachea is shifts
to the right. The length of the trachea within the superior
mediastinum is 16.0 mm.

The superior vena cava flows 8.5 mm long into the pos-
terior extended part of the right atrium. The superior vena
cava is formed by the union of the left and right brachio-
cephalic veins behind the junction of the right 2nd costal
cartilage with the sternum. The length of the right brachio-
cephalic vein is 7.0 mm and the length of the left vein is
14.5 mm. There are the aortic arch branches behind the left
brachiocephalic vein. The brachiocephalic trunk is located
in front of the trachea and adjacent to the tracheal rings VIII
and VII. The superior vena cava is directed downwards, at
level of the Il right costal cartilage enters the pericardiac
cavity, draining into the right atrium at the level of the IV right
costal cartilage junction with the sternum. The terminal sec-
tion of the superior vena cava is located intrapericardially. To
the right of the superior vena cava, there is the mediastinal
part of the parietal pleura and the right diaphragmatic nerve,
to the left — the ascending part of the aorta, 12.5 mm long.

The left diaphragmatic nerve overlies the heart arcu-
ately. The aorta is covered with serous pericardium until
the ascending part becomes the aortic arch. The serous
pericardium continues from the initial aortic arch to the pul-
monary trunk. The serous membrane is seen at a distance
of 4.0 mm on the anterior surface of the left pulmonary
artery. The pericardium covers the initial section of the right
pulmonary artery and its inferior and anterior surfaces in
the area of the superior vena cava and the aortic arch. The
pericardial fold extends through the superior vena cava from
left and top, from right to left, resulting in that the superior
vena cava is covered with pericardium on the right side less
than the left one. The pulmonary veins are covered with
serous pericardium at the front and both sides.

In the fetuses of 240.0 mm PCL, the right and left vagus
nerves slightly adjoin the lateral surfaces of the esophagus
below the hilum of the corresponding lung. Two branches
located on the anterior surface of the esophagus are origi-
nating from the left vagus nerve. Two branches located on
the anterior surface of the esophagus arise from the left
vagus nerve. The superior thoracic section of the esopha-
gus in the superior mediastinum is adjacent to the anterior
surface of the T4 vertebrae. There are the trachea and
its bifurcation in front of the esophagus. At the level of
the inferior border of the T4 vertebral body, the esophagus
is displaced to the left. The aortic arch, 9.0 mm long, with
upwards convexity extends obliquely from front to back
and left, bending at the initial left main bronchus. There
is a bifurcation of the trachea (at the level of the inferior
border of the T2 vertebral body) behind the aortic arch.
The brachiocephalic trunk, left common carotid artery, and
left subclavian artery arise from the convex semicircular
aortic arch. The brachiocephalic trunk leaves up and to
the right, the left brachiocephalic vein runs in front of it, and
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Fig. 3. Organs and structures of the neck and superior mediastinum of the fetus of 210.0 mm PCL.

Gross specimen. Img. x1.8:

1: vagus nerves; 2: left recurrent laryngeal nerve; 3: the ascending part of the aorta; 4: aortic arch;
5: brachiocephalic trunk; 6: right subclavian artery; 7: common carotid arteries; 8: superior vena

cava; 9: thyroid gland; 10: trachea; 11: internal jugular veins.

the trachea — behind. The right vagus nerve in the superior
mediastinum is adjacent to the lateral surface of the trachea.
Just above the bifurcation of the trachea (mid-body of the T2
vertebra), two thin branches extend from the right vagus
nerve and reach the anterior surface of the trachea and
right main bronchus, continuing to the hilum of the right
lung. At the level of the lung hilums, two branches from
the vagus nerve innervate the anterior and lateral surfaces
of the esophagus. The left vagus nerve in the superior
mediastinum is located anteriorly and medially to the left
subclavian artery. At the location of adjacent to the left aortic
arch, the left vagus nerve gives rise to the left recurrent
laryngeal nerve that loops under the aortic arch running
upwards on the lateral surface of the trachea (Fig. 4). Below
the aortic arch, three branches extend from the vagus nerve
to the hilum of the left lung. At the level of the inferior border
of the left lung hilum, the vagus nerve innervates the lateral
surface of the esophagus and gives off two branches.

In the fetuses of 290.0 mm PCL, the left vagus nerve
at the level of the left lung hilum gives off five branches of
almost the same thickness, which innervate the hilum of
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Fig. 4. Organs and structures of the neck and thoracic cavity of the fetus of 240.0 mm PCL. Gross
specimen. Img. x2.3:

1:vagus nerves; 2: left recurrent laryngeal nerve; 3: aortic arch; 4: brachiocephalic trunk; 5: common
carotid arteries; 6: right subclavian artery; 7: superior vena cava; 8: left brachiocephalic vein; 9: thyroid
gland; 10: trachea; 11: esophagus; 12: lungs.

the left lung. The main trunk of the vagus nerve at the level
of the left pulmonary vein is separated into anterior and
posterior branches which run to the lateral surface of
the osophagus. Thinner branches originate from the lat-
ter, located on both the anterior and posterior surfaces of
the esophagus.

In the fetuses of 315.0-345.0 mm PCL, the left vagus
nerve at the level of the inferior border of the inferior left
pulmonary vein gives off two branches: the thicker is an-
terior one and the thinner is posterior. The anterior branch
is directed along the anterior surface of the esophagus to
the diaphragm, giving off two thin branches to its wall. The
posterior branch is located on the posterior surface above
the diaphragm portion of the esophagus anastomosing
with the posterior branch of the right vagus nerve. The
right vagus nerve at the level of the hilum of the right lung
gives off three branches, and then at the level of the inferior
border of the right lung hilum is separated into two branch-
es: the thinner anterior one and the thicker posterior. The
posterior branch anastomoses with the posterior branch
of the left vagus nerve above the diaphragm, forming
a posterior vagal trunk. The anterior branches of both
the right and left vagus nerves are involved in the anterior
vagal trunk formation.

In the fetuses of 360.0-375.0 mm PCL, the left vagus
nerve giving off three branches to the left lung hilum, is
adjacent to the anterior surface of the esophagus, where
the nerve leaves four branches. The left vagus nerve, after
leaving the esophagus branches enters the anterior vagal
trunk. The right vagal trunk is formed by two long bran-
ches within the esophageal opening of the diaphragm. The
right vagus nerve gives off three branches below the level
of the right main bronchus: one short and two long. One
of the long branches reaches the right lateral surface of
the esophagus close to the diaphragm on the posterior
surface of the organ. The second long branch is located
on the anterior surface near the diaphragm adjacent to
the lateral surface of the esophagus.

At the end of the fetal period of ontogenesis, the bran-
ches of the anterior right and left pulmonary plexuses give
off single branches to the pleura, bronchi, pulmonary artery
and pulmonary veins before entering the hilum of the cor-
responding lung. In the fetuses of 280.0, 307.0 and 310.0
mm in PCL, branches of diaphragmatic nerves extend to
the anterior pulmonary plexus branches.

Our findings indicate that the formation of the topogra-
phy of the cervical and thoracic division of the right and left
vagus nerves is morphologically related to the formation
of the larynx, esophagus, trachea, thyroid gland, heart
and hilum components of the corresponding lung. During
the fetal period of ontogenesis, intensive formation of
the anterior pulmonary plexuses on the anterior surface of
the hilum of the right and left lungs occurs and their anas-
tomoses with the cardiac plexuses are formed. We have
found the variability of the topography of the right and left
recurrent laryngeal nerves, the superior and inferior cardiac,
bronchial and esophageal branches of the vagus nerves,
which is consistent with the previous data [9].

According to our study, the main trunk of the left vagus
nerve at the level of the left inferior pulmonary vein gives
off 2-3 branches that innervate the esophagus lateral sur-
face. The smaller branches located on the anterior, lateral
and posterior surfaces of the esophagus, are derived from
the latter ones. After leaving the esophageal branches,
the left vagus nerve, as a rule, passes into the anterior
vagal trunk, which is consistent with the works of other
authors [16].

Conclusions

1. During the fetal period of human ontogenesis, age-re-
lated and individual anatomical variations of the branches of
the cervical and thoracic divisions of the vagus nerves are
observed. Itis manifested by the variability of the structure,
asymmetry of the topography of the recurrent laryngeal
nerves, bronchi, esophageal and cardiac branches.

2. In the human fetuses, the left vagus nerve passes
across the anterior surface of the left subclavian artery
and at the level of the inferior border of the aortic arch
leaves the left recurrent laryngeal nerve which loops under
the aortic arch and then runs upwards on the trachea lateral
surface. The right vagus nerve is located behind the brachio-
cephalic trunk and at the level of the right sternoclavicular
joint extends anteriorly to the right subclavian artery and
gives the right recurrent laryngeal nerve, which reaches
the neck looping around the subclavian artery behind.
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3. The esophageal nervous plexus is formed by esopha-
geal branches of the vagus nerves, which then forms mainly
the posterior vagal trunk. The anterior vagal trunk is a direct
continuation of one of the left vagus nerve branches located
on the anterior surface of the esophagus.

4. The common cardiac trunk described in our work is
involved in the innervation of the aortic arch in some fetu-
ses, and this trunk is formed by the superior cardiac branch
and the superior cardiac nerve and contains mainly sym-
pathetic and parasympathetic fibers. The common cardiac
trunk anastomoses with both the vagus and the recurrent
laryngeal nerves.
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