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RESUMEN

ABSTRACT

La estructura de las venas de la cavidad torácica varía
significativamente en función de sus conexiones.
Treinta cadáveres embalsamados con la técnica de
Thiel fueron disecados (18 mujeres, 12 hombres), con
edades comprendidas entre 48 y 98 años (media
81.3±12.40). Los pulmones, el corazón, la aorta
torácica, el esófago y la pleura parietal fueron
cuidadosamente retirados para permitir la visualización
de las venas ácigos, hemiácigos y hemiácigos
accesoria así como el conducto torácico. En la
mayoría de los especímenes (21) se encontró que las
venas
intervertebrales
estaban
directamente
conectadas con el sistema venoso ácigos en vez de
con la parte terminal proximal de las venas
intercostales posteriores. Se observó también que
dicha distribución es más común en el lado derecho,
pero no en todos los niveles vertebrales. Estas
conexiones podrían jugar un rol en la regulación del
volúmen de sangre entre los sistemas venosos ácigos
y vertebral: también podrían actuar como vías
metastásicas entre las regiones torácica y abdominal.
Dado que su aspecto es bastante similar al de los
vasos intercostales posteriores, es importante que los
cirujanos sean conscientes de esta variación para
evitar
lesiones
que
induzcan
hematomas
postoperatorios.

Veins in the thoracic cavity are highly variable in terms
of their communications. Thirty Thiel-embalmed
cadavers were dissected (18 females and 12 males),
ranging in age from 48 to 98 years old (mean
81.3±12.40). The lungs, heart, thoracic aorta,
oesophagus and parietal pleura were removed
carefully to expose the azygos, hemiazygos, accessory
hemiazygos veins and thoracic duct. In most
specimens (21) intervertebral veins were connected
directly to the azygos venous systems rather than the
proximal end of the posterior intercostal veins. This
presentation was observed to be more common on the
right side, but not at all vertebral levels. These
communications could play a role in regulating blood
volume between the azygos and vertebral venous
systems; they may also act as metastatic pathways
between the thoracic and abdominal regions. As they
mimic posterior intercostal vessels, it is important for
surgeons to be aware of this variation to avoid injuries
leading to postoperative hematomas.
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INTRODUCTION
Three main veins form the azygos venous
system: the azygos (AV), hemiazygos (HV) and
accessory hemiazygos (AHV) veins (Drake et al,
2005; Snell, 2004). The AV is embryologically
derived from the right azygos line, starting
caudally from the union of the right subcostal vein
and right ascending lumbar vein. It ascends
cranially to drain the lower eight right posterior
intercostal veins (RPIVs) into the superior vena
cava at the level of T3 (Standring et al, 2008),
receiving along its course the HV, AHV,
mediastinal, pericardial, oesophageal, right
bronchial and right superior intercostal veins
(Drake et al, 2005; Snell, 2004). The hemiazygos
system (HV and AHV), together with the left
superior intercostal vein, drains the lower eight
left posterior intercostal and upper four left
posterior intercostal veins (LPIVs) into the azygos
vein and left brachiocephalic vein, respectively.
The posterior intercostal veins (PIVs) drain the
lateral and posterior aspects of the intercostal
spaces and open directly or indirectly into the AV.
The intervertebral veins (IVVs) connect the
vertebral venous system with the azygos venous
system indirectly via the PIVs. A complete valve
is located at the proximal end of each PIV
(Maros, 1981), which allows venous blood to
drain into the vertebral venous system via the
IVV (Hoogland et al, 2013).
The main aims of this study were to examine the
anatomical variations of the azygos venous
system and compare the observations with

existing
classification
systems,
applying
modifications as appropriate. This study showed
that, commonly, IVVs are connected to the
azygos venous system instead of the proximal
part of the PIVs. This observation is important
because these veins could have a role in
regulating blood volume between the azygos and
vertebral venous system. Moreover, they may act
as metastatic pathways between the thoracic and
abdominal regions.

MATERIALS AND METHODS
Thirty Thiel-embalmed cadavers (18 females and
12 males) were examined. They had been used
for dissection by science and medical students in
the Centre for Anatomy and Human Identification
(CAHID), University of Dundee, Scotland. The
cadavers ranged in age from 48 to 98 years old
(mean 81.3±12.40).
The lungs, heart, thoracic aorta and oesophagus
were removed and the AV, HV, AHV and thoracic
duct exposed by carefully removing the parietal
pleura. The diaphragm was depressed to reveal
the origin of the AV and HV.
Subsequently, the azygos system was cleaned.
Three coloured pins were inserted into the
anterior surface of the thoracic vertebrae: a green
pin indicating level T12, a white pin indicating
level T8 and a red pin indicating level T5 (Fig. 1).
Photographs were taken and a schematic
drawing of each specimen was made.

Figure 1: Pins indicating the vertebral levels T12 (green pin), T8 (white pin) and T5 (red pin).

RESULTS
Of the 30 cadavers examined, 21 (70%) had
intervertebral veins (IVV) connecting directly to
the azygos venous system on both sides, but not

at all vertebral levels. Moreover, some had
communications with adjacent posterior intercostal veins from their proximal aspects. These
veins were commonly less than 1 mm in diameter
and adjacent to the posterior intercostal veins.
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Although they were observed on both sides, they
were more common on the right (Fig. 2 and 3).
On the right side, T7 and T8 were the most
common levels at which intervertebral veins
connected directly to the azygos venous system.

Table 1 shows the frequency of these veins at
each vertebral level. There was no significant
correlation between gender and the presentation
of these communications.

Figure 2: Intervertebral veins adjacent to the right posterior intercostal veins (RPIV) found in most specimens
(yellow arrows) connecting directly to the azygos vein (AV).

Figure 3: Right side view showing the intervertebral veins (blue arrows) adjacent to the posterior intercostal veins
(PIV) and connecting to the azygos vein. The green arrow indicates the communication between an intervertebral
vein and PIV.
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Vertebral

Frequency

Level

Right Side

Left Side

T1

0

0

T2

0

0

T3

1

0

T4

1

0

T5

3

0

T6

4

0

T7

11

0

T8

11

2

T9

7

2

T10

6

2

T11

4

0

T12

0

0

Table 1: The frequency of intervertebral veins draining
directly into the azygos vein at each vertebral level found
in 70% of the specimens (N=21).

DISCUSSION
In the majority of specimens examined (N=21),
the IVVs were observed to connect the azygos
and vertebral venous systems directly on both
the right and left sides. These veins were
frequently less than 1 mm in diameter and
located close to the proximal part of the
corresponding posterior intercostal vein: they
were found on both sides, but were more
common on the right side. The small veins
reported here were incidental observations of the
main study.
In general IVVs, which connect directly to the
azygos venous system, are small vessels not
often seen during dissection of the thorax. The
present observations were most probably due to
the specimens being Thiel and not formalinembalmed. In formalin embalming they are
damaged easily during removal of the parietal
pleura. It is also unlikely that these small vessels
would be visualized in radiological procedures.
The present observations do not appear to have
been reported previously in the literature.
According to Hoogland et al (2013), the vertebral

venous system connects with the proximal part of
the posterior intercostal veins via IVVs: they are
considered to play an important role in heat
transportation from the posterior intercostal veins
to the vertebral venous system. Hoogland et al
concluded that PIVs are essential anastomoses
between the internal vertebral venous plexus and
the AV. With respect to Hoogland et al it is
possible that IVVs connect to the azygos vein
instead of the proximal part of the PIVs as they
are closely related to them. This study has shown
that the majority of the specimens examined
have IVVs (although not at all vertebral levels),
which connect directly to the azygos vein rather
than to the proximal part of the posterior
intercostal veins.
De Brux et al (1995) showed that perfusion of the
azygos vein in human cadavers leads to
retrograde cerebral perfusion via the internal
vertebral venous plexus. AV and PIV valves have
been reported to be incompetent in previous
studies (Herlihy, 1947; de Brux et al, 1995; Groen
et al, 1997; Yeh et al, 2004; Ichikawa et al, 2008).
Thus, it could be possible that IVVs that are
connected exclusively to the AV could lead to
retrograde drainage from the AV into the
vertebral venous system.
In the case reported by Gupta et al (2014),
atypical drainage of PIVs into the azygos venous
system was more common on the left side. They
also showed that PIVs are variable in their course
and termination, thus, intervertebral vein communications may also be variable. The present
study revealed PIVs with adjacent IVVs directly
draining into the azygos venous system instead
of the proximal parts of the PIVs. These
communications could play a role in regulating
blood volume between the azygos and vertebral
venous systems; they may also act as metastatic
pathways between the abdominal and thoracic
regions. As they mimic posterior intercostal
vessels, it is important for surgeons to be aware
of this variation to avoid injuries leading to
postoperative hematomas.
It is acknowledged that this study had some
limitations: the small IVVs could not be traced
deeply as they were thin and susceptible to
damage. In addition, it was not possible to
measure the diameter of these small veins using
digital calipers or to ascertain the direction of
drainage. Dye injection into the azygos and
vertebral venous systems may reveal the
communications between them.
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