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ABSTRACT:  The aim of this study was to examine the tracheal vasculature in 5
month human foetuses, and to determine whether it differs from that previously
described by other authors for adult human trachea.

The vascular bed was visualized using the technique of corrosion casting and
examined by scanning electron microscopy.

The arrangement of larger vessels:  longitudinal tracheo-oesophageal arteries and
veins, as well as their segmental branches running circumferentially in the inter-
cartilaginous spaces, was similar to that observed in the trachea of adults.  However,
no blood sinuses reported to occur in the submucous venular plexus of the human
trachea could be found in the foetuses.

It is postulated that the possible functions of such sinuses acting as the capaci-
tance system are related to the functional respiratory tract; hence, this vascular
specialization is not yet developed in the foetus.
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The vascular system of the tracheobronchial tree per-
forms a variety of functions: apart from those common
to most vascular beds, such as nourishment of tissues,
removal of waste materials or supply of migratory cells
and mediators, it is also involved in the specific func-
tions of the airways related to the conditioning of
inspired and expired air [1–4].  In the case of human
trachea, its microcirculation provides a clue to the in-
tubation-induced ischaemia and subsequent mucosal
damage [5–7].  In man, the tracheal vasculature has been
investigated mainly with the use of classical histolo-
gical techniques, dye injection methods and intravital
microscopy [8–10].  We employed the corrosion casting
technique in combination with scanning electron micro-
scopy (SEM) [11], which offered a higher level of visu-
alization of the vascular system.  With its substantially
improved resolution and quasi-3-dimensional images,
this technique is especially suitable for verification of
earlier, light microscopic studies.

This study was aimed at the examination of the human
tracheal vasculature in the foetal period, when the air-
ways are not functional.  It seemed particularly interest-
ing to determine whether the features of the vascular
system regarded as air-conditioning specializations were
already developed.

Materials and methods

Five human foetuses, aged 18–21 gestational weeks,
with crown-rump length ranging 170–209 mm, were

obtained after spontaneous abortions from the Obste-
tric Clinic of the Jagiellonian University School of
Medicine in Cracow.  The abortions were due to mater-
nal disorders, and no developmental malformations or
vascular anomalies were found in the foetuses upon
macroscopic inspection.

After abortion, the thorax of each foetus was opened
to expose the heart and large vessels.  The heart apex
was cut off and a cannula was inserted via the left ven-
tricle to aorta and fixed by ligation at the level of the
ascending part.  The vascular system of the foetus was
subsequently perfused manually using a sequence of
solutions, with the outflow occurring via the umbilical
vessels and additionally incised posterior tibial veins.

The perfusion started with 800 ml of prewarmed
(37°C) heparinized saline (12.5 IU·ml-1) containing 3%
dextran, MW 70,000, and 0.025% lidocaine.  Perfusion
fixation was then carried out with 200 ml of 0.08% glu-
taraldehyde in 0.15 M cacodylate buffer, pH 7.4, at 37°C.
Finally, 60 ml of a mixture consisting of 8 ml Mercox
CL-2B (Vilene Comp., Tokyo, Japan) and 2 ml methyl
methacrylate (Fluka) containing 0.2 g N,N-dimethylani-
line (MA) initiator was injected.  Following the injec-
tion, the foetuses were kept overnight in water at 60°C,
in order to accelerate and complete resin polymerization.

After polymerization of the resin, the trachea was
removed and washed in distilled water.  The specimens
were then macerated in 8–10% NaOH at 38°C.  The
vascular casts obtained were carefully and thoroughly
cleaned in hot tap water, followed by several rinses in
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distilled water.  The final cleaning was accomplished by
immersing the casts for 3–5 min in 2% formic acid.
The casts were again carefully washed in distilled
water, freeze-dried and mounted on stubs using colloi-
dal silver and "conductive bridges" [12].

After coating with gold, the casts were examined in
a Jeol JSM 35-CF scanning electron microscope at 20–
25 kV.

Results

The corrosion cast of foetal trachea reveals its dense
and complex vascular system (fig. 1).  This system
has a distinct segmental arrangement, corresponding
to the arrangement of tracheal cartilages.  The blood
supply and drainage for the entire trachea is provi-
ded by two laterally located longitudinal bundles of
large vessels, containing both arteries and veins, as
revealed in the SEM image by their characteristic
nuclear imprints (fig. 2).  They regularly send off seg-
mental vessels, i.e. horizontal branches located at the
levels of intercartilaginous spaces, and thus running a
circumferential course (figs 1 and 2).  The arteries
supplying two adjacent segments are occasionally inter-
connected by vertically or obliquely running inter-
connections (fig. 3).

The segmental arteries first give off small branches to
the superficial, perichondrial vascular bed made of fine
capillaries, 6–10 µm in diameter (fig. 2), and then fur-
ther ramifications which pierce the tracheal wall to reach
the mucosal lining and to supply its microcirculation.

This microcirculation is basically composed of two lay-
ers:  1)  a subepithelial capillary network; and 2) a sub-
mucous plexus, which includes mainly veins.

The subepithelial vascular layer is built of capillaries,
12–15 µm in diameter, which form a network with irre-
gular meshes (fig. 4).  In the mucosa of the posterior
part of trachea (pars membranacea), this network alters
its arrangement: the capillaries are more densely packed
and mostly run along the long axis of the trachea, so
that the resulting vascular array is characterized by elon-
gated meshes (fig. 5).

The submucous plexus is mostly composed of venous
vessels.  Their diameter is about 30–50 µm and they are
interconnected by numerous anastomoses, thus forming
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Fig. 1.  –  General view of the vascular cast of the human foetal tra-
chea, right lateral aspect.  Longitudinal vessels (asterisks) send off seg-
mental branches located in the intercartilaginous spaces (arrows).  (Scale
bar=1,000 µm).

Fig. 2.  –  A site of branching of the longitudinal vessels into the seg-
mental ones.  Artery (A) and vein (V) can be distinguished according
to the appearance of the nuclear imprints:  fusiform in the artery, more
roundish in the vein.  Fine capillaries belong to the perichondrial net-
work.  (Scale bar=100 µm).

Fig. 3.  –  An anastomosis (asterisk) interconnecting two segmental
arteries.  (Scale bar=100 µm).



an irregular network with large meshes.  Generally, these
vessels do not show a sinusoidal character (i.e. large
diameter and uneven outlines), although in some places
more densely packed interconnections lead to the for-
mation of irregular vascular profiles (fig. 6), which
might eventually develop into sinuses.  The veins of
the submucous plexus are drained by segmental veins.

Sometimes a single segmental vein can collect blood
from a large area, encompassing two entire adjacent
segments (fig. 7).  Arteriovenous anastomoses have not
been observed.

Discussion

The postmortem preparation of the vascular casts is
often hampered by an incomplete filling of the capil-
lary bed.  This can also be seen in our material, in the
form of blindly ending vascular branches (e.g. fig. 3).
Such artefacts are, however, local and the vast majority
of the capillaries remains patent, leading to the visua-
lization of the entire vasculature including veins.

Results of this study, the first to visualize the human
foetal tracheal vasculature by corrosion casting and
scanning microscopy, clearly show that the general
arrangement of the blood vessels is similar to that seen
in adult humans and some other mammals.  The tra-
cheal blood vessels were investigated with the use of
that technique in the dog [3], sheep [1], guinea-pig [13],
and rat [14].  In all these species, as well as in some
others investigated by light microscopy, such as rab-
bit or cat, the blood is supplied to and drained from the
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Fig. 4.  –  Subepithelial capillary network in the cartilaginous part of
the trachea.  Profiles of the deeper, submucosal venous plexus can be
partially seen underneath.  (Scale bar=100 µm).

Fig. 5.  –  Subepithelial capillary network in the membranaceous part
of the trachea.  The capillaries show mostly a longitudinal orientation.
(Scale bar=100 µm).

Fig. 6.  –  The submucous venous plexus in a form of network with
large meshes.  In some sites the venules converge into sinusoidal pro-
files (arrows).  (Scale bar=100 µm).

Fig. 7.  –  A segmental vein (asterisk) draining the submucous plexus
covering a large area of two adjacent tracheal segments.  (Scale bar=100
µm).
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trachea by lateral longitudinal vessels, called longitu-
dinal tracheo-oesophageal vessels by NORDIN et al. [15],
which send off regularly circumferential (segmental)
branches located in the intercartilaginous spaces.  As
revealed by the appearance of endothelial nuclear im-
prints [16], longitudinal and segmental vascular bun-
dles are composed both of arteries and veins running
together.

Interspecies differences concern mainly the microcir-
culation of the tracheal mucosa.  The regional different-
iation of the subepithelial capillary network, described
in this study, was also reported in rat trachea [14], where
the authors observed irregular meshes in the pars fibro-
cartilaginea and "rectangular" (longitudinal) ones in the
pars membranacea.  In previous studies on adult human
trachea [9, 10], the authors did not comment on the
arrangement of subepithelial capillaries, but the pub-
lished micrographs revealed their random orientation.
Irregular distribution of tracheal subepithelial capilla-
ries was also demonstrated in sheep and dog, although
a longitudinal arrangement seemed characteristic for
the bronchial mucosa of those species [1, 3].  The dif-
ferentiation of the capillary pattern observed in this
study could represent some regional specialization of
the foetal mucosa, but it can also result from a fixation-
induced constriction of the smooth muscle present in
that part of tracheal wall.

One of the most interesting features of the tracheal
microvasculature is the presence of venous sinuses in
the submucosal plexus.  An extensive system of sinu-
ses has been demonstrated in sheep and rabbit, it is less
developed in man and guinea-pig, and very scanty in
cat and dog [1–3, 13].  In the adult human trachea,
blood-filled sinuses up to 100 µm in diameter were
described [2, 17, 18].  We could not find such sinuses
in any of the tracheas obtained from 5 month foetuses
that were examined.  However, in some areas of the
submucosal venous plexus the converging vessels pro-
duced irregular vascular spaces that could be regarded
as "primordial sinuses".

There are at least a few possible functions of blood
sinuses acting as a capacitance system in the tracheal
wall [4].  They might provide a blood reservoir and
participate in the conditioning of the inspired air, al-
though in nose-breathers the nasal vasculature, with its
extensive sinusoidal system and arteriovenous anasto-
moses, would much more efficiently play that role.
They could act as heat reservoirs, buffering the changes
of tracheal wall temperature in the course of the res-
piratory cycle and protecting functions sensitive to
cooling and/or drying, such as tracheal secretion or
muscle tone.  They could also serve as a mechanical
cushion.  Strikingly, all these putative activities are re-
lated to the functional respiratory tract, thus they are
not required in the foetal period.  It seems, therefore,
logical that the sinus system is not yet developed in the
foetus.
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