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SUMMARY

Radical esophagectomy is widely regarded as
one of the most complex surgical procedures
in Upper Gastrointestinal surgery due to the in-
tricate anatomy of the mediastinum, and a deep
understanding of its embryological development
is essential for navigating the interrelated struc-
tures and fascial planes involved. In this study, we
investigated the embryogenesis of the supracari-
nal area of the posterior superior mediastinum,
focusing on key anatomical structures such as
the alar fascia and the supracarinal mesoesopha-
gus—the latter being the fascial structure between
the esophagus and the subclavian arteries that
incorporates the recurrent laryngeal nerves, and
is critical for performing precise esophagectomy
and supracarinal lymphadenectomy. Our prima-
ry objective was to trace the embryological origins
of these supracarinal fasciae; however, due to the
absence of clearly distinguishable fasciae in ear-
ly embryonic development, we adopted a second
approach—utilizing anatomical knowledge from
adult surgical dissections to identify analogous
structures in late-stage embryos. To achieve this,
we studied the posterior mediastinum of five em-
bryos, ranging from stage 15 (33 days) to stage

23 (57 days), and one fetus at twelve weeks. Our
results reveal a progressive transformation of the
vascular system from primitive pharyngeal arch
arteries to a definitive aortic system by stage 19,
with the vagus nerves appearing at stage 17 and
the recurrent laryngeal nerves becoming recur-
rent by stage 19. While the mediastinum consists
of homogeneous mesenchymal tissue in early
development, the boundaries of the supracarinal
mesoesophagus are more defined in initial stag-
es but become indistinct in later ones. Through
comparative analysis with adult anatomy, we
were able to delineate the development and po-
sitioning of both the alar fascia and the supraca-
rinal mesoesophagus in late-stage embryos. This
embryological insight is particularly valuable for
anatomists and upper GI surgeons, as it enhanc-
es the understanding of the development and
spatial organization of critical mediastinal struc-
tures—such as the esophagus, trachea, vascular
elements, vagus and recurrent laryngeal nerves—
which can contribute to safer, more consistent
surgical outcomes in esophagectomy.
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INTRODUCTION

Radical esophagectomy is regarded as one of
the most complicated surgical procedures due to
the intricate mediastinal anatomy (Kingma et al.,
2020; Fujiwara et al., 2019; Lieberman-Meffert,
2001). A comprehensive understanding of the
embryogenic process of the posterior mediasti-
num is essential for upper gastrointestinal sur-
geons (UGS) to elucidate the reasons for the inter-
relationship of the complex mediastinal organs
and the anatomical planes that separate them
(Fujiwara et al., 2018). Moreover, an understand-
ing of the origin and formation of the mediastinal
organs will facilitate the recognition of the bound-
aries and contents of specific surgical structures
like the alar fascia and supracarinal mesoesopha-
gus essential, to dissect safely the recurrent laryn-
geal nerves and perform an adequate oncologic
esophagectomy and lymphadenectomy (Fujiwara
et al., 2018; Cuesta et al., 2023).

The fetal maturation and adult anatomy are
based on this embryogenic process. The growth
development of the human embryo is undoubted-
ly one of the most remarkable phenomena in life.
The bi-directional folding of the trilaminar flat
plate, formed by the endoderm, mesoderm, and
ectoderm, begins at the third week after gestation
(gastrulation) and continues until the formation
of the primitive foregut (including the pharyngeal
arches), midgut, and hindgut (Grosser et al., 1912;
Minot et al., 1912; Streeter, 1912; Larsen, 2001).

Regarding the foregut, experimental studies
conducted in chicken embryos during the earliest
stages have demonstrated that the phenomenon
known as the “tap effect” is the source of the tra-
cheal bud that arises from the proximal part of the
foregut (Katz et al., 2023; Kluth and Fiegel, 2003;
Metzger et al., 2011; Sanudo and Domenech Ma-
teu, 1990).

At around four weeks of development, the fore-
gut appears as a mucosa-lined tube without a
muscular layer, while cardiac growth also begins.
Blood from the aortic sac, located at the distal
end of the truncus arteriosus, flows bilaterally
through the pharyngeal arch arteries around the
pharynx and into the paired dorsal aortae. These
vessels fuse into a single dorsal aorta near the lev-

el of the carina (Fujiwara et al., 2018; Minot et al.,
1912; Larsen, 2001). By the sixth week, this early
vascular network transforms into the definitive
aortic system through a series of highly organized
changes in the 1st, 2nd, 3rd, 4th, and 6th pharyn-
geal arch arteries (the 5th arch is rudimentary
or absent in humans). Simultaneously, the vagus
nerve begins to extend bilaterally from the hind-
brain (future medulla oblongata), laying the foun-
dation for the adult neurovascular configuration
(Lieberman-Meffert, 2001; Cuesta et al., 2023;
Ronson et al., 2000).

Less known, but important fasciae, the alar
fascia and the supracarinal mesoesophagus, will
play a pivotal role during supracarinal dissection
and lymphadenectomy, representing a key aim
of this embryogenic project. Their embryogenic
development up to the adult form, knowing their
borders, extension and relation with the RLN s
will help to dissect better the upper mediastinum.
It is crucial to define both structures from the
perspective of adult anatomy. The alar fascia (in-
tercarotid fascia) is a fascial layer that surrounds
both carotid sheaths (common carotid artery, in-
ternal jugular vein, and vagus nerve) and com-
municates them behind the esophagus along the
prevertebral space. It is likely to extend from the
base of the skull to the upper thoracic level (T2),
where it fuses with another visceral fascia (Sno-
sek et al., 2021). The supracarinal mesoesopha-
gus is a bilayer fascial structure situated between
the esophagus and both subclavian arteries,
which encompass the recurrent laryngeal nerves.
The course of this structure ends on the left side at
the aortic arch and on the right side at the level of
the right subclavian artery. From the aortic arch,
the infracarinal mesoesophagus, a fascial struc-
ture from the descending aorta to the esophagus
(Cuestaetal., 2015, 2023; Shirakawa et al., 2020),
will continue.

In accordance with the aforementioned, the
present study, which assesses five embryos (stag-
es 15 to 23) and one 12-week-old fetus, will de-
scribe first the changes of the foregut structures,
including the esophagus, trachea, and carina, as
well as the vascular structures surrounding them.
Additionally, the vagus and recurrent larynge-
al nerves will be addressed. Secondly, it will use



the anatomy of the supracarinal fasciae we know
from surgical anatomy, gained during esophagec-
tomy to explain the images of the late stages of the
embryogenic development.

Thus aided by surgery, we have been able to in-
terpret the embryogenic development of the sup-
racarinal area.

MATERIAL AND METHODS

Human embryos from stages 15 to 23 and one
12-week-old fetus, all from the collection of Prof.
Javier Puerta of the Department of Human Anat-
omy and Embryology of the Universidad Com-
plutense de Madrid, Spain, were studied (Table 1).

All embryos and fetuses were donated with the
informed consent of the parents, in accordance
with Spanish Law. All procedures were conduct-
ed in accordance with the Spanish laws govern-
ing body donation. The study was also conducted
in accordance with ethical standards set forth in
pertaining committees on human experimen-
tation (institutional and national) and with the
Helsinki Declaration of 1964 and subsequent re-
visions. Prior to inclusion in the study, all patients
or their legal representatives provided consent.

They were fixed in 10% neutral formalin, pro-
cessed for histology with paraffin wax and cut into
serial sections with a thickness of 10 microme-
ters. The sections were stained with one of the fol-
lowing three stains: hematoxylin and eosin (HE),
trichromic VOF stain (light green, orange G, and
acid fuchsin) or Azan stain. All the sections here
presented were cut in transverse or in an oblique
plane.

The embryos were classified in 23 stages us-
ing the criteria proposed by O’Rahilly and Muller
(2010), while the fetus was classified in weeks us-
ing the criteria described by Patten (Zhang et al.,
2010). All sections were examined under light mi-
croscopy using a Nikon Eclipse E800 microscope
(Nikon instruments Europe B.V.)) with Jenoptik
Prog. Res- (Jenoptik AG, Jena, Germany) and
JVC-digital cameras (JVC, Wayne, NJ).

In order to ascertain the exact location of the
supracarinal mediastinum, the two dorsal aortae
and the carina were employed as points of refer-
ence. The presence of these structures signifies
the supracarinal. In the early stages of develop-
ment, the two dorsal aortae converge to form a
single dorsal aorta at the level of the carina, mark-
ing the onset of the infracarinal. As a consequence
of the changes occurring in the vascular system
from the sixth week onwards, the aortic arch is in-
cluded in the supracarinal.

RESULTS

Description of the anatomy of the embryos

Description will be made first of the foregut
structures, such as the esophagus, trachea and
carina, vascular structures around them, and va-
gus and recurrent laryngeal nerves. Second, spe-
cial attention is paid to the description of the alar
fascia and supracarinal mesoesophagus, its rela-
tionship with the esophagus and subclavian arter-
ies and recurrent laryngeal nerves.

Two embryos stage 15 (Table 1) (Fig. 1)

The mediastinum of both embryos at the same

Table 1. Characteristics of the sample used, including human embryos and fetus from the collection of Prof. Javier Puerta (Uni-

versidad Complutense de Madrid)

Embryo/Fetus Stage Age Crown-rump length (mm) Section  Thickness (um) Staining
Embryo PV.8 15 33 days 8 Axial 8 HE
Embryo BI.8.5 15 33 days 8.5 Axial 8 HE
Embryo ES.14 17 41 days 14 Axial 7 HE, Azan
Embryo ES.18 19 48 days 18 Axial 7 HE
Embryo F-18 23 57 days 37 Axial 8-12 HE-VOF, HE
Fetus F-88 12th weeks 88 Axial 8-10 HE, Azan

This table presents data on the developmental stages of embryos and fetuses, including their age, crown-rump length, section
plane, thickness, and staining methods used for analysis. “HE” refers to Hematoxylin and Eosin staining, “Azan” refers to a staining
technique involving both aniline blue and acid fuchsin and “VOF” stands for Verhoeff’s elastic stain.
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Fig. 1.- Embryo PV8. Stage 15 (8 mm; 33 days), Axial sections. Staining: HE. c, carina; da, dorsal aorta; e, eye; h, heart; oe, oesopha-
gus; ppc, pleuroperitoneal cavity; sme (*), supracarinal mesoesophagus; t, trachea; ul, upper limb; v, ventral mesentery.

development stage exhibits a very similar anato-
my.

The mouth and the pharynx with five pharyn-
geal arches are clearly discernible. The pharynx
extends in a downward direction, establishing an
open communication with the foregut. The esoph-
agus is observed to be a tubular structure covered
with linear mucosa, with no muscle layer. More
distally, the foregut divides into the trachea and
esophagus, both of which exhibit a similar lin-
ear epithelium. At this level, a ventral mesentery
appears to fixate the mediastinum to the initial
transverse septum, while a broad dorsal mes-
entery (supracarinal mesoesophagus) is formed
posteriorly by homogeneous mesenchymal cells,
with pleuroperitoneal cavities on both sides serv-
ing as limits (Fig. 1).

Around the carina, where the two dorsal aortae
converge and form a single dorsal aorta, the sup-
racarinal mesoesophagus is short and thick with
dense, homogeneous mesenchymal tissue. Mov-
ing lower, the carina bifurcates into two bronchial
buds without further bifurcation (Fig. 1).

Stage 17 (Table 1) (Fig. 2)

In the proximal part, the laryngeal vestibule, sit-
uated between the third aortic arches, exhibits a
crescent-shaped configuration, akin to an invert-
ed “3” (Fig. 2A).

Moving down, we can observe the mouth (sto-
modeum) and the subsequent development of the
larynx, which is indented and surrounded with
dense mesenchymal tissue and the pharynx. At
the level of the sixth aortic arches, a separation
occurs between the pharynx and larynx. The two
dorsal aortae are visible behind the pharynx. Pos-
teriorly, the notochord and spinal cord are situ-
ated within the precartilaginous vertebrae. Fur-
thermore, the neck of the embryo becomes longer,
during which three pharyngeal arches are config-
urating on its exterior (Fig. 2A). More distally, the
trachea and esophagus are encircled by layers of
round, thick, concentric mesenchymal tissue. It
is noteworthy that, at this stage, in comparison
to the first two embryos, two thick vagus nerves
emerge on either side of the trachea, situated be-
tween the trachea and esophagus. The RLN are
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Fig. 2.- Embryo ES.14. Stage 17 (14 mm; 41 days), Axial sections. Staining: HE. da, dorsal aorta; e, eye; h, heart; la, larynx; nt,
notochord; oe, oesophagus; pa, pulmonary artery; pcv, posterior cardinal vein; ph, pharynx; sc, spinal chord; sme, supracarinal
mesoesophagus; sto, stomodeum,; t, trachea; X, vagus nerve; 4p, forth pharyngeal pouch.

not discernible (Fig. 2B).

Proximally, the supracarinal mesoesophagus,
situated between the two dorsal aortae and the
esophagus, is short and composed of homoge-
neous mesenchymal clear tissue, devoid of any
recognizable fibers inside.

At the level of the carina bifurcation, two bron-
chial buds emerge, exhibiting no further bifur-
cation. At this point, the mesoesophagus shows
a thickness of tissue, with some vessels situated
between the esophagus and the dorsal aorta (Fig.
20).

Stage 19 (Table 1) (Fig. 3)

This stage is notable for significant changes in
the vascular system. The original vascular sys-
tem observed in the preceding three embryos
has been replaced by the definitive aortic system,
comprising the ascending aorta, aorta arch, and
descending aortae, and the supraaortic arteries:
brachiocephalic trunk (right common carotid and
subclavian artery), left common carotid and left
subclavian artery (Fig. 3A).

Moving down from the neck, the position of the
supraaortic arteries on the right-side gradually
changes in direction to the aortic arch, first turn-
ing from posterior to lateral then more distally to
anterolateral, and finally to anterior right. At this
point, both arteries fuse to form the brachioce-
phalic trunk, which enters the aortic arch near

two separated arteries on the left side: the left
common carotid and the left subclavian artery
(Fig. 3B).

The image shows particular thick vagus nerves,
situated between the jugular veins and the com-
mon carotid arteries in the carotid sheath on both
sides. These carotid sheaths are interconnected
by the alar fascia. The recurrent laryngeal nerves
are visible on both sides between the trachea and
esophagus. The identification of the supracarinal
mesoesophagus on both sides, between the sub-
clavian arteries and the esophagus, including the
RLN, is not clear, as there are no limiting borders.
The mesenchymal tissue is homogeneous and
loose, lacking any discernible fibers (Fig. 3B).

Stage 23 (Table 1) (Fig. 4)

During the eighth week, the embryogenic
growth exhibits a configuration that is strikingly
similar to that of the mediastinum of an adult.

The rapid anatomical maturation by the sev-
enth week of development is readily apparent
when compared to earlier embryonic stages. The
structures of the mouth, tongue, and mandibles
are now more distinctly defined. The larynx is en-
cased in developing cartilaginous rings, and with-
in it, the vocal folds are clearly visible, with the
vocal processes extending prominently beyond
them. Distally, the trachea and esophagus show
a “adult-like anatomy”. Laterally in the neck, on
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Fig. 3.- Embryo ES.18. Stage 19 (18 mm; 48 days), Axial sections. Staining: HE. aa, aortic arch; aao, ascending aorta; bt, brachio-
cephalic trunk; lca, left carotid artery; Ipa, left pulmonary artery; Irn, left recurrent laryngeal nerve; Isa, left subclavian artery; lyv,
left jugular vein; oe, oesophagus; pv, pulmonary vein; rca, right carotid artery; rpa, right pulmonary artery; rrn, right recurrent
laryngeal nerve; rsa, right subclavian artery; rv, right ventricle; t, trachea; thy, thyroid gland; X, vagus nerve; * supracarinal me-

soesophagus.

either side, we observe the carotid sheath, which
contains the common carotid artery and the in-
ternal jugular vein with the vagus nerve between
them. The RLN are located within the groove be-
tween the trachea and esophagus.

The aortic system is very similar to the previous
embryo.

The venous system, including the brachioce-
phalic veins and the superior vena cava, remains
on the right side. The azygos vein enters in the su-
perior vena cava. Also, the thoracic duct is situat-
ed on the left side, while the sympathetic ganglia
and the phrenic nerves are present on both sides
beneath the pleura (Fig. 4).

The tissue between the esophagus and the sub-
clavian arteries that will form the supracarinal
mesoesophagus on both sides is homogeneous
and dense, without clearly defined borders, con-
taining a few fibers and small vessels (Fig. 4). On
the right side, it appears the RLN whereas on the
left side, there is a dispersion of fibers extending
from the left lateral margin of the esophagus to
the left subclavian artery (left supracarinal me-
soesophagus) (Fig. 4). The left RLN is situated
within the groove between the trachea and esoph-
agus, exhibiting no discernible connection with
the aforementioned mesoesophagus (Fig. 4). The

pulmonary tissue continues to develop with the
appearance of terminal bronchioles (Fig. 4).

Fetus 12 week (Table 1) (Fig. 5)

The mediastinum of the 12-week fetus exhibits
a greater resemblance to the anatomy of the last
embryo as very similar to the adult anatomy, with
the exception of the further development of the
lungs.

The supracarinal mesoesophagus, extending
from the subclavian arteries (bounding with the
pleura, on both sides) to the esophagus, does not
appear to include the left RLN. In contrast, on the
right side, the RLN is located in close proximity to
the alar fascia, showing evidence of some vessels
and fibers along its course. It seems that there is
continuity between the alar fascia and the supra-
carinal mesoesophagus on the left side (Fig. 5).

DISCUSSION

From the third week after gestation (gastrula-
tion), the folding of the trilaminar (endoderm,
mesoderm, and ectoderm) flat plate commences
with the formation of the primitive foregut, mid-
gut, and hindgut (Grosser et al., 1912; Minot et al.,
1912; Streeter, 1912; Larsen, 2001). From this pe-
riod until the end of the embryogenic phase and
beyond at 12 weeks, the mediastinum undergoes
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Fig. 4.- Embryo F-18. Stage 23 (37 mm; 57 days), Axial sections (2x). Staining: HE. bt, brachiocephalic trunk; lbcv, left brachioce-
phalic vein; lcca, left common carotid artery; 11, left lung; Irln, left recurrent laryngeal nerve; Isa, left subclavian artery; oe, esopha-
gus; rbev, right brachiocephalic vein; rl, right lung; t, trachea; thd, thoracic duct; thg, thyroid gland; X, vagus nerve; *, supracarinal
mesoesophagus.

Fig. 5.- Fetus F.88. 12th weeks (88 mm), Axial sections (1x). Staining: Azan. af, alar fascia; ¢, carina; ijv, internal jugular vein; lcca,
left common carotid artery; Irln, left recurrent laryngeal nerve; Isa, left subclavian artery; oe, esophagus; plc, pleural cavity; rb,
right bronchus; rceca, right common carotid artery; rsa, right subclavian artery; rrin, right recurrent laryngeal nerve; t, trachea; X,
vagus nerve.
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a very rapid growth phase, resulting in an anato-
my that closely resembles that of an adult (Lieber-
man-Meffert, 2001; Cuesta et al., 2023; Ronson et
al., 2000).

The adult anatomy of the supracarinal posteri-
or mediastinum is highly intricate, and it is chal-
lenging for surgeons to comprehend the reasons
for its complexity. Furthermore, a comprehensive
understanding of the intricate mediastinal anat-
omy is imperative when performing esophageal
resection for cancer.

It is our contention as upper gastrointestinal
surgeons that an understanding of the embryo-
genic growth and subsequent steps leading to this
adult anatomy is of utmost importance for com-
prehending the complexity of the posterior me-
diastinum in the different approaches employed
for esophagectomy nowadays. These approaches
include transthoracic, transcervical, and transhi-
atal procedures, which are conducted via open,
minimally invasive, or robot-assisted surgery (Or-
ringer, 2016; Biere et al., 2012; Kooij et al., 2024;
Vercoulen et al., 2024).

In order to facilitate supracarinal esophagecto-
my and corresponding lymphadenectomy, sur-
geons have described two distinct anatomical
concepts, both of which will be based on the prin-
ciples of embryogenic growth. The first of these is
the concentric structured Japanese concept, and
the second is the mesoesophagus concept. The
first model is characterized by two notions: first,
a concentric and symmetric three-layer space:

visceral (including the esophagus, trachea and
RLN), vascular (major blood vessels surrounding
the visceral layer) and parietal (outer frame of
the body); and secondly, an “inter-layer potential
space” of loose connective tissue between the lay-
ers, ideal plane for esophagectomy and supraca-
rinal mediastinal lymphadenectomy (Fujiwara et
al., 2018).

In the mesoesophagus concept, two surgical
fasciae, the alar fascia and supracarinal me-
soesophagus, are considered to be of vital impor-
tance for dissection and lymphadenectomy of the
upper mediastinum, because their relationship
with both RLN (Cuesta et al., 2023; Cuesta et al.,
2015; Shirakawa et al., 2020). Adequate dissec-
tion of the supracarinal mesoesophagus facili-
tate the lymphadenectomy without damage of the
RLN. (Fig. 6). The Japanese concept is founded on
classical embryology, whereas the second, being
the second aim of this study, is solely surgical an-
atomical validated and thus requires further em-
bryogenic study.

The objectives of this sequential embryogenic
study, performed on five human embryos (and
one fetus), were: first, to describe the changes that
resulted in the complex supracarinal anatomy of
the posterior mediastinum observed during the
embryogenic period; second, because the two
fasciae under study are absent in the embryo, we
have used the knowledge gained during esoph-
ageal dissection, visualizing both fasciae to ex-
plain the development of the supracarinal areas

Fig. 6.- Dorsoventral view of the SML. A: Image captured from the right thoracic cavity during surgery. B: Schematic presentation.
ao, aorta; dt, thoracic duct; ic meso-oe, infracarinal mesoesophagus; lu, right lung; oe, oesofagus; rilnl, left recurrent laryngeal
nerve; ca, carina; Ib, left bronchusrb; rb, right bronchus; rinr, right recurrent laryngeal nerve; sa, left subclavian artery; sc meso-oe,
supracarinal mesoesophagus; tr, trachea; vnl, vagal nerve left; vnr, right vagal nervex.



in the late stages of the embryo. This comparative
study will help to clarify the location of the RLN "s
during the embryogenic development of the me-
diastinum.

In this study, we observed the fundamental in-
terrelation of the two organs that emerged from
the foregut and subsequently differentiated into
the esophagus and trachea. This interrelation
emerged along with the developments of the vas-
cular system and cranial nerves, especially the
vagus and recurrent laryngeal nerves.

In embryos of 4 ¥ and 6 weeks (15 and 17 stag-
es), the vascular system consists of a concentric
circulation of blood from the aortic sac to the
five pharyngeal aortic arches (located in the pha-
ryngeal arches). This symmetrical and bilateral
system drains into the right and left dorsal aor-
tae, which are located posterior to the foregut.
Concurrently, the trachea, and the subsequent
growth of the two main bronchi buds emerged in
the proximal foregut (Katz et al., 2023; Kluth and
Fiegel, 2003; Metzger et al., 2011; Sanudo and Do-
menech Mateu, 1990).

The sole distinction between these two stages
is the emergence of the vagus and other cranial
nerves in the sixth-week embryo (stage 17).

Furthermore, in these two stages (stages 15-17),
the supracarinal mesoesophagus, thick and short,
is distinctly delineated as a homogeneous mes-
enchymal structure confined by the outer limits
form by pleuroperitoneal cavities (and lungs) on
both sides.

A fundamental change is observed in the em-
bryos at the 7-week growth stage (stage 19). At this
stage, the vascular system originating from the
pharyngeal aortic arches changes to become the
definitive aortic system. From this point onward,
there are notable anatomical differences between
the left and right sides of the mediastinum.

The final two pairs of the five aortic arches re-
gress or change during this week. The first three
pairs of aortic arches remain bilateral, while the
fourth and sixth arches develop asymmetrical-
ly. On the right side, the sixth regresses and the
fourth eventually forms the right subclavian ar-
tery. On the left side, both arches form the aortic

arch (Minot et al., 1912; Larsen, 2001). Moreover,
during this stage it was observed that the vagus
nerves were particularly thick, and that the RLN
present on both sides of the trachea-esophageal
groove become recurrent. This significant devel-
opment can be attributed to two factors: firstly, the
elongation of the neck with cranial displacement
of the larynx and descensus of the heart; and sec-
ondly, the fixation of the nerves to the changing
pharyngeal aortic arches. The RLN, which was ini-
tially straight, became elongated and fixed on both
sides under the most inferior remaining arch. The
right RLN loops under the subclavian artery (4th
arch), while the left loops under the ductus arteri-
osus (6th arch). Consequently, the left RLN is lon-
ger (Larsen, 2001; Rea, 2016).

It is also noteworthy that, along with the forma-
tion of the aortic system, a 180-degree rotation of
the right arteries of the brachiocephalic trunk af-
ter they emerge from the aortic arch (on the left)
to take their place at the lateral position of the
right side of the neck, can be observed by the au-
thors. In this intermediate stage the supracarinal
mediastinum shows compact but homogenous
mesenchymal tissue with the boundaries of the
mesoesophagus being undefined.

A comparison of the mediastinal anatomy in
the final stages (stage 23 of the embryo at 9 weeks
and the fetus at 12 weeks) with the anatomy of the
adult, reveals a high degree of similarity. A broad
supracarinal mesoesophagus, between the sub-
clavian arteries and esophagus, unclearly delin-
eated, is formed by homogenous tissue exhibiting
some scattered fibers within, but not including
apparently the RLN, which appears to be located
in the tracheoesophageal groove.

This is the reason why the outer boundaries of
the supracarinal mesoesophagus are more readi-
ly discernible at the earlier stages, whereas in the
intermediate stage (stage 19) are challenging to
discern, is difficult to explain. Furthermore, in the
final embryogenic stages, its appearance is anal-
ogous to that observed in the adult. One potential
explanation for these differences in the initial
stages is the outline of the rapid growth of homo-
geneous mesenchymal tissue, which is limited by
the pressure of the rapidly growing pleuroperito-
neal cavities, whereas in the intermediate stage,

Miguel A. Cuesta et al.
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the changes that take place in the vascular system
with the appearance of the aortic system explains
the blurred appearance that changes again with
the progressive maturation of the vascular system
in the last embryogenic and fetal stages. It is in
this early fetal phase that the first signs of supra-
carinal mesoesophagus appear.

In order to answer correctly the second goal of
the study, the embryogenic development of the two
abovementioned fasciae and their relationship to
the RLN’s, we used the findings gained during the
dissection of the esophagus during esophagecto-
my. During esophagectomy, performed by right
thoracoscopy in prone position, we have de-
scribed that after dissection and traction of the
supracarinal esophagus on the left side, aligning
the esophagus with the left subclavian artery, a
bilayer supracarinal mesoesophagus appears,
inside the left RLN (Fig. 6 a and b). This bilayer
fascia extends further to the aortic arch and the
infracarinal region, where it is located between
the descending aorta and the esophagus. We re-
ferred to this as the total mesoesophagus (Cues-
ta et al., 2023). On the right side, Shirakawa et al.
described the right supracarinal mesoesophagus,
from the right subclavian artery to the esophagus,
which contains the right RLN (17). The right RLN
is found, after dividing the alar fascia at the level
of the right subclavian artery (Fig. 7 a and b).

It is plausible that the left supracarinal me-
soesophagus is bent and compressed (by pro-
gressive growth of the lungs) during embryogenic
development, showing a controversial location of
the left RLN. During surgery, if the mesoesopha-

gus is stretched during dissection by traction of
the esophagus, it is clear that the left RLN is lo-
cated inside. This type of dissection is difficult to
perform in the embryo. Therefore, knowledge of
surgical anatomy gained during esophagectomy
will help us to explain the difficult images of the
supracarinal mesoesophagus in the embryo and
fetus. We can deduce that in the embryo with an
aortic system, from stage 19, the anatomic struc-
ture between the esophagus and subclavian ar-
teries, the supracarinal mesoesophagus in the
embryo will have the RLN inside. Anatomists and
surgeons can ask themselves why the importance
of this comparative study? Knowledge of correct
planes and corresponding anatomical fasciae, ac-
quired during surgery can help to explain ardu-
ous embryogenic development of this superior
mediastinum and elsewhere.

Itisof particularimportance tonote thatthrough
the adequate dissection of these fasciae in the su-
pracarinal area, a complete lymphadenectomy of
the RLN stations (106 rec L and 106 rec R) can be
performed on both sides (Fujiwara et al., 2018;
Cuesta, 2019a, b; Kitagawa et al., 2023).

In general, in this way, surgical anatomy can be
of help, to clarify some arduous embryogenic de-
velopments, opening a new method of study. This
concept will be extended to all surgical oncology,
where knowledge of the planes is totally based
on embryology (Fujiwara et al., 2018; Cuesta et
al., 2015, 2023; Weijs et al., 2017; Tokairin et al.,
2023; Miyake et al., 2011).

To date, all studies performed on the me-
soesophagus in embryos have focused on the low-

Fig. 7.- Dorsoventral view of the SML, surgery images. A: af, alar fascia opening; oe, oesophagus; rsa, right subclavian artery; rvn,
right vagus nerve; svc, superior vena cava. B: oaf, opening alar fascia; oe, oesophagus; rinr, recurrent laryngeal nerve right; rsa,

right subclavian artery; rvn, right vagus nerve.



er and abdominal esophagus, with no research
dedicated to the upper part of the posterior medi-
astinum, as in our study (Hwang et al., 2014).

CONCLUSIONS

In this sequential embryogenic study, our objec-
tive was to gain a deeper understanding of the for-
mation and complexity of the adult mediastinum,
which we encounter during radical esophagecto-
my and lymphadenectomy. It is important to note
that our aim was not to provide a comprehensive
description of the embryogenic growth process.
Instead, we sought to highlight for anatomists,
embryologists, and surgeons the significant em-
bryogenic changes that shape the mediastinum of
the adult and its planes, like the alar fascia and su-
pracarinal mesoesophagus and their relationship
with the RLN’s. Our findings have the potential to
enhance surgical techniques, making their dis-
section safer. Moreover, comparative study with
surgical anatomy, will help to clarify arduous in-
terpretations of the embryogenic process.

This embryological study encompasses not only
the esophagus, but also the knowledge of other in-
trathoracic organs, such as the tracheobronchial
and vascular systems. It becomes evident that an
understanding of this development will facilitate
the clarification and comprehension of the intri-
cate anatomy of this area, the interrelationship of
the organs, and the variations and anomalies (den
Boer et al.,, 2023). The detailed description of the
mesoesophagus and alar fascia at different devel-
opmental stages will facilitate a more precise defi-
nition of surgical anatomy in the future and assist
in identifying an optimal approach.

Moreover, this is also a matter of surgical cul-
ture. Every upper gastrointestinal surgeon should
be aware of the embryogenic developments of the
surgical area in which they specialize.
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