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Abstract: The azygos vein is a vessel that drains deoxygenated blood from the posterior wall
of the thorax and upper abdomen into the superior vena cava. It can vary morphologically
in both adults and fetuses in origin, termination, diameter, course, and tributaries, especially
the hemiazygos vein and accessory hemiazygos vein, which, together with the azygos vein,
form the azygos venous system. The main aim of this review is to summarize the current
state of knowledge regarding the azygos vein. Another aim is to present the morphological
variations of the azygos vein and their clinical significance. This information may be
useful to clinicians, especially surgeons. This review also provides an overview of the
embryological development of the azygos venous system and the consequences of its
developmental errors, as well as their relationship to certain clinical cases and pathologies.

Keywords: azygos vein; variation; hemiazygos vein; accessory hemiazygos vein

1. Introduction

The azygos vein (AV) is one of the primary veins within the azygos venous system
(AVS). This unpaired vein is formed through the union of the right subcostal veins and
the right ascending lumbar vein at the level of the 12th thoracic vertebra (T12). Along
its course, the AV follows a path behind the right crus of the diaphragm, passes through
the aortic hiatus, and enters the thorax, where it curves around the base of the right lung
before joining the superior vena cava (SVC). Ordinarily, it courses along the right side of
the vertebral column (VC). The AV receives deoxygenated blood from the posterior walls
of the thorax and upper abdomen, which it then transports to the SVC. Its main tributaries
are the hemiazygos vein (HAV), the accessory hemiazygos vein (AHAV), and the 2nd-12th
right intercostal veins (ICVs). Due to multiple anastomoses with the inferior vena cava
(IVC), the AV connects the IVC and the SVC [1]. The AV has many morphological variants.
In most cases, the AV is the AVS’s dominant vein; in others, it seems to be roughly the same
size as one of its tributaries, the HAV. In some of the researched cadavers, AV and HAV
even had the same origin point. The clinical significance of AV is very much worth noting,
as it allows proper blood return from the inferior part of the body to the right atrium in
case of an existing blockage in the IVC. Because of the course of the AV in the thorax, in CT
scans of the right lung, the AV can be mistaken for a lung pathology [2].
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This research presents data on variations in the origin, termination, diameter, course,
and tributaries of the AV in both adults and fetuses. To comprehend the genesis of this
variability, we detailed the AV’s embryological and evolutionary development. The pri-
mary objective of this review is to summarize the available data literature on the AV
morphological variants and provide information on their clinical significance.

2. Embryology

Understanding the embryogenesis of AV can help us comprehend the origin of many
morphological variations. The cardinal venous system is formed by the anterior cardinal
veins (ACVs), common cardinal veins (CCVs), posterior cardinal veins (PCVs), subcardinal
veins (SubCVs), and supracardinal veins (SupCVs). During the embryo’s development,
some anastomoses between particular cardinal veins (CVs) constrict and degenerate, form-
ing a part of the mature venous system. Around the 4th and 5th weeks of the embryo’s
development, SupCVs and SubCVs begin to arise from the proximal parts of the PCVs
on both sides of the body. On the right side of the body, the right PCV almost completely
regresses after the 5th week of development [3], apart from a small proximal part that forms
the azygos arch and a short caudal part that forms a part of the IVC. The right SupCV then
constricts superiorly to the suprasubcardinal anastomosis (SupSubCa), leading to the right
SupCV’s separation. The proximal remnant of the post-constriction-right SupCV forms
the AV, while the distal part forms the sacrorenal IVC (SRIVC). The left PCV completely
regresses, leading to the left SupCV losing its anastomosis with the left ACV. If this anas-
tomosis remains patent, the HAV in the later stages of development drains into the left
brachiocephalic vein (BCV). The left ACV and the interanterior cardinal anastomoses form
the left BCV. The involuted left CCV remains as the oblique vein of the left atrium. The left
SupCV constricts superiorly and inferiorly to the left SupSubCa, leading to a regression of
the distal part of the left SupCV. A left-sided IVC is formed if the inferior part of the right
SupCV regresses instead of the inferior part of the left SupCV. Duplicated IVC is present in
cases where both SupCVs stay patent at their distal parts. The IVC derives from the right
part of the cardinal venous system, apart from a small hepatic part (HIVC) originating from
the vitelline veins. As shown in Figure 1, SubCV, SupSubCa, SupCV, and both of the PCVs,
respectively, give existence to the reno-hepatic (RHIVC), renal (RIVC), sacrorenal (SRIVC),
and sacrocardinal (SCIVC) parts of the IVC [4]. If a connection between the RHIVC and the
HIVC fails to develop correctly, the IVC drains directly into the arch of the AV. In that case,
the hepatic veins drain independently into the right atrium. Both SupCVs are connected by
an anastomosis that, together with the superior part of the left SupCV, is later a part of the
HAV [5-7].
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Figure 1. The cardinal venous system. AV—azygos vein, RHIVC—reno-hepatic inferior vena
cava, renal inferior vena cava—RIVC, sacrorenal inferior vena cava—SRIVC, sacrocardinal inferior
vena cava—SCIVC, HAV—hemiazygos vein, ACV—anterior cardinal vein, PCV—posterior cardinal
vein, CCV—common cardinal vein, HIVC—hepatic inferior vena cava, SubCV—subcardinal vein,
SupSubCa—supracardinal and subcardinal anastomosis, and SV—superior vena cava.

3. Evolution

Galen of Pergamon originally described the AV. The AV is so named because it lacks a
counterpart on the left side of the body; “azygos” translates to “without a pair” in Greek [8].
The most primitive version of an AVS is one with a right and a left AV, with the left AV
being longer, larger in diameter, and having more tributaries than the right one. In such
cases, the right AV drained into the SVC, and the left AV, in most cases, drained directly
into the right atrium. In Lemur albifrons, a more advanced version of the AVS was found,
with the HAV arising from the inferior part of the AV. The HAV later ran on the left side of
the VC and received blood from the left ICVs. In higher primates, there is only one AV, the
right one. In some, a HAV can also be found [9,10].

4. Morphological Variants of the AV in Adults

The AV has many variants that can be erroneously interpreted as pathological con-
ditions; thus, knowing its different possible routes is crucial. The AV differs in origin,
placement along the VC, diameter, connections with the HAV and the AHAV, tributaries,
and termination point [1].
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5. Origin of the AV

Bergmann [1] described that the AV arises from the connection of a combination
of lateral, intermediate, and medial roots at the 12th thoracic vertebra (T12) level. The
ascending and subcostal veins form the lateral root. The intermediate root rises from the
dorsal side of the IVC at the level of the 2nd lumbar segmental vein. The medial root is
created by a plexiform complex associated with the ventral side of the lumbar vertebrae
and their segmental branches [11].

Pirya et al. [12], in their study of 30 human cadavers, found that in 56.7% of the cases,
the AV was formed by a single root; in 36.7%, it was formed by the lateral and intermediate
root, and in 6.6% of the cases, it was formed by the union of the lateral and medjial root.

An abnormal AV and HAV origin were described in a case study performed by
Koutsouflianiotis et al. [13], which found both of these veins originating from a single
branch of the IVC. This single venous branch was then divided into AV and the HAV at the
level of L1/L2.

The AV can also directly branch off of the IVC. In a case study performed by Lachkar
et al. [14], the AV originated from the IVC at the L2 level, then split into two veins at the
L1/T12 level that had transvertebral connections between each other at the T9 and T7 levels.
The right trunk of this venous plexus drained into the SVC, while the left trunk drained the
left ICVs. The HAV and the AHAV were absent in this case.

6. Connection with HAV and AHAV

Anson and McVay conducted a study describing AV’s different course patterns and
termination points. The results were classified into the following three types:

Type 1: Two parallel veins on both sides of the VC, with no connections.

Type 2: The most typical type of AVS, with a separate AV, HAV, and AHAV. The AV
and the HAV had multiple retroaortic anastomoses between them.

Type 3: A single AV lying on the midline on the ventral side of the VC [11].

Based on the study of Anson and McVay, Kutoglu et al. further divided these three
main types, which were initially described by Anson and McVay, into 11 subtypes by
dissecting 48 cadavers. Subtype 1 corresponded to Type 1, subtypes 2—10 corresponded to
Type 2, and subtype 11 corresponded to Type 3 (Table 1, Figure 2).

Table 1. Description of subtypes classified by Kutoglu et al., based on the course of the azygos
vein (AV) and its connections with the hemi-azygos vein (HAV) and the accessory hemi-azygos
vein (AHAV), their prevalence, and the corresponding types, classified by Anson and McVay, to

each subtype.
Number of Corresponding Number of Cases Percentage of
Description of Subtypes Cases of Each
Subtypes . Type Based on of Each Subtype
o Described by Subtype
Classified by Anson and Found by
Kutgolu et al Kutgolu et al. McVay'’s Study Kutgolu et al Found by
’ ) Kutgolu et al.
two separate veins on both sides
Group 1 of the VC with different points 1 1 2.1%
of origin
Both the AV and the HAV had two
separate points of origin. The
Group 2 AHAV drained into the HAYV, 5 13 27 1%

which later drained to the AV.
Minor retroaortic anastomoses

were present
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Table 1. Cont.

Number of
Subtypes
Classified by
Kutgolu et al.

Description of Subtypes
Described by
Kutgolu et al.

Corresponding
Type Based on
Anson and
McVay'’s Study

Number of Cases
of Each Subtype
Found by
Kutgolu et al.

Percentage of
Cases of Each
Subtype
Found by
Kutgolu et al.

Group 3

The AV and the HAV, with
different points of origin, both of
these veins, together with AHAYV,

were connected by a
single junction

2.1%

Group 4

The course of all three veins was
similar to the ones described in
group 2, with a pronounced
connection between the AV and
the HAV in their proximal parts

10.4%

Group 5

The AV and the HAV had different
points of origin and were
connected at their caudal parts by
a ring-like connection, the AV,
HAYV, and AHAYV formed a
ring-like junction at the level of
typical drainage point of the HAV
into the AV, between both of these
ring-like connections, the AV and
the HAV were connected by a
pronounced anastomosis

10.4%

Group 6a

The AV and the HAV had two
different origins. They merged at
the halfway point of their course.

The AHAV formed and the
interazygos vein, and drained into
the singular vein formed by the
AV and the HAV

8.3%

Group 6b

The course of the veins was similar
to that in group 6a; however, the
angle of the anastomoses between
them was closer to 90° *

8.3%

Group 7

The course of the veins was similar
to that in group 6a; however, the
interazygos vein was absent

11

22.9%

Group 9

The AV was the pronounced main
vein of the azygos venous system;
the HAV was very
underdeveloped, compared to
the AV

2.1%

Group 11

One main vein, the AV, was
present, with multiple short
tributaries

2.1%

Atypical

2

4.2%

AV, azygos vein; HAV, hemiazygos vein; AHAV, accessory hemiazygos vein, *, 0 degrees.
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Figure 2. Schematic drawings of the different subtypes found by Kutgolu et al.

The authors found no cases corresponding to groups 8 and 10. In addition to the
11 groups mentioned, they also found an atypical case. The HAV of the atypical case is
divided into two veins, which immediately after being connected begin to drain into the AV
as a single structure. The AHAYV in this case had an anastomosis with one of the ICVs [15].

Ozdemir et al. [16] described an atypical type of AVS in their case study. In their case,
there was a single AV to which the 8th-11th ICVs drained directly. The 4th-7th ICVs formed
two superior and inferior trunks that drained into the AV. The superior trunk obliquely
passed the VC between the aorta and the esophagus and opened into the AV at the T4 level.
The inferior trunk passed posteriorly to the aorta.

7. Termination of the AV

The AV typically arches around the right main bronchus and drains into the SVC;
however, there have been cases of the AV losing touch with the root of the right lung. In
that case, the AV grooves into the right lung, creating an azygos lobe. The fissure in which
the AV lies is called the azygos fissure, and it separates the azygos lobe from the superior
lobe [1].

In their review, Tatar et al. [17] described the levels of the AV arch based on 200 CT
angiographies, with the T5 level being the most common (55%) and the T6 level being the
rarest (5%). The AV arch at the T4 level was present in 40% of the subjects.

In their study, Kutoglu et al. [15] presented the termination levels of the AV (connection
point of the AV and the SVC). The most common termination level was at the T3 vertebral
level (66.7%). Other termination levels were the level of a vertebral disc between vertebrae
T3 and T4 (6.7%), the T2 vertebrae level (12.5%), and the level of the vertebral disc between
T2 and T3 vertebrae (12.5%) (Table 2).

Koutsouflianiotis et al. [18] reviewed CT angiographies of 25 male and 26 female
patients. In their study, they found that T5 was the most common termination point of the
AV (56.9%). Less common termination points were T4 (31.4%), T6 (9.8%), and T3 (2%).

Priya et al. [12] noted that the AV terminated at the level of the T4 vertebra in 70% of
the cases, at the T3 level in 20%, and at the T5 level in 10%.

In their cadaveric study, based on 20 cadavers from the Eastern Indian population,
Mohanty et al. [19] found that the AV terminated at the T3 level in 55% of the cases, at the
T34 level in 20%, T2-3 in 15% and at T4 and T2 both in 5%.
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Table 2. Azygos vein termination level.

Vertebrae Levels Frequency Percent
T2-3 6 12.5
T2 6 12.5
T34 3 6.3
T3 30 62.5
Missing 3 6.3
Total 48 100

A morphological variant between the AV and left SVC was described by Li et al. [20].
The cadaver had a right and left SVC in the case they described. The AV was formed by
both left and right ascending lumbar veins and ascended on the left side of the VC. The
5th-11th ICVs drained directly into the single AV. At its termination point, the AV created
an arch around the aorta at about the level of connection between the aortic arch and the
descending aorta and drained into the left SVC.

8. Tributaries

As the main vein of the AVS, the AV receives blood from the HAV and the AHAV. On
top of that, the AV gets blood from the supreme ICVs and multiple intercostal and lumbar
veins. Sometimes, the AV can receive blood from the pulmonary, right internal thoracic,
superior phrenic, bronchial, and gonadal veins [1].

9. Diameter of the AV

The AV may also vary in diameter. Determining the average physiological diameter of
the AV can be important in diagnosing and treating conditions affecting this vein, such as
aneurysms or indentations caused by malignant processes [17].

Koutsouflianiotis et al. [21] presented a study investigating, among other things, the
diameter of the AV. Their methods were based on computed tomography of 25 male and
26 female Greek patients with a mean age of 66.5 years. The results showed that the mean
diameter was 0.96 cm. The smallest AV was 0.59 cm, and the largest was 1.58 cm. There
was a gender dimorphism with male predominance. The mean values were 1.02 cm for
males and 0.91 cm for females. The researchers also found a slight correlation with age.
The AV diameter was higher in older patients (1st 0.86 cm and 2nd 0.99 cm).

Tatar et al. [17] carried out another study. They used chest CTs of 103 Turkish patients,
42 females and 61 males. The group was selected from people with no known chest
pathology and aged 18 to 83 (median: 47 years). The sex distribution of the subjects is
shown in Table 3.

Table 3. Sex distribution of the subjects.

Characteristic Frequency Percent
Male 61 59.2
Female 42 40.8
Total 103 100

The results were as follows. The AV diameter at the entrance to the SVC ranged
from 4.3 mm to 16 mm. The overall mean diameter was 8.1 mm (7.8 in females and 8.2 in
males). No correlation was found between age and AV diameter. Table 4 summarizes the
results [17].
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Table 4. Subject’s ages and diameter of the azygos vein (AV) (mm).

Characteristic N Minimum Maximum Mean

Age 103 18.0 81.00 47.0818

AV diameter 103 4.30 16.00 8.1126
Males 61 4.70 16.00 8.2
Females 42 4.30 15.55 7.8

Kutoglu et al. [15] published a study of 48 conserved human cadavers aged 27 to
70 years (mean age 48.29), of which 13 were female and 35 were male. The researchers
measured the diameter of the AV at its origin and termination level. The mean diameter
of AV at its origin was 4.05 mm, ranging from 2.0 to 7.5 mm, and at its termination was
8.56 mm, ranging from 5.0 to 12.2 mm. Table 5 below shows the results of this study.

Table 5. The diameter of the azygos vein (AV) at the origin and termination levels.

Characteristic N Range Minimum  Maximum Mean
Age 48 43 27 70 48.29
DAVO 48 55 2.0 7.5 4.050
DAVT 45 7.2 5.0 12.2 8.558

DAVO, Diameter of azygos vein (origin); DAVT, Diameter of azygos vein (termination).

10. Course of the AV

Anson et al. [22] conducted a meta-analysis to define the incidence of the azygos lobe
of the right lung (Figure 3). This variation is caused by the azygos arch losing contact with
the superior surface of the right main bronchus and grooving the right lung with the base
of an accessory pleural fissure before entering the posterior wall of the SVC.

Azygos lobe

Superior lobe

Inferior lobe

Figure 3. Pulmonary lobe of the azygos vein.
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In Bergman’s Comprehensive Encyclopedia of Anatomic Variations, it is mentioned that the
AV can rarely pass through the aortic hiatus of the diaphragm and open directly into the
right atrium, which is attributed to the disappearance of the right common cardinal vein
during embryonic development [1]. Bales [23] studied the course of the AV in 84 embalmed
cadavers with removed viscera overlying the thoracic vertebrae between the aortic hiatus
and tracheal bifurcation. Measurements were collected using a scalable grid overlay
on a digital photograph of the internal midline view of the VC. The course of the AV
was divided into five levels. Superiormost—around T4, Superior intermediate, Middle,
Inferior intermediate, and Inferiormost—around T12. The horizontal position of the AV
was measured at each level and classified into seven types. The results are presented in
Table 6. Bales also suggested different types of overall shape for the AV (Figure 4). The
most common shape of the AV was the bowed shape (E).

Table 6. Distribution of the azygos vein horizontal positions at five vertical levels.

Vertical Level RM RL RP M LP LL LM Modal Position
(5) Superiormost (~T4) 8 13 19 23 13 6 1 4
(4) Superior Intermediate 4 7 10 16 27 17 2 5
(3) Middle 4 6 15 16 20 15 7 5
(2) Inferior Intermediate 10 17 24 19 7 1 4
(1) Inferiormost (~T12) 12 24 28 11 7 - 1 3

RM, rightmost; RL, right lateral; RP, right paramedian; M, median; LP, left paramedian; LL, left lateral; and LM,
leftmost.

A B C D E F
18% 15%  14% 10% 37% 6%

RO\

Figure 4. Categories of the Azygos vein (AV) course. (A, straight; B, sinuous; C, hooked; D, elbow; E,

bowed; F, diagonal).

For this review, we examined several described and published case studies.

Paik [24] described a case in which the AV arises from the level of the T12 body,
ascends longitudinally in the right extradural space to the level of the T4 body, then passes
through the T4-T5 right intervertebral foramen, courses anteriorly along the right lateral
surface of the T4 body, curves just above the right main bronchus to enter the posterior
aspect of the SVC 1.7 cm above its entry into the right atrium. Another rare phenomenon is
the absence of the AV, which has only been reported in a few patients [25]. Keskin et al. [26]



Biomedicines 2025, 13, 1013

10 of 14

described a case of two separate right and left AVs. The right AV drained into the SVC, and
the left AV probably drained into the left subclavian vein. Other cases report an AV lying
on the midline of the ventral side of VC [14,16], an AV lying on the left side of VC [27], and
an AV shifting from the lateral side to the midline of VC and vice versa along its ascending
path [21,28].

11. Morphological Variations of the AV in Fetuses

Wu et al. [29] established a Z-score formula for the fetal AV and descending aorta
based on femur length and gestational age. They studied 452 singleton fetuses with no
cardiovascular abnormalities and 25 fetuses with AV-related venous malformations by
prenatal sonography. The median gestational age was 24 weeks (19 weeks and 6 days
and 40 weeks and 1 day). The diameters of these vessels were measured offline after
spatio-temporal image correlation volume acquisition. Using these measurements, the
researchers created Z-score formulas for normal AV and descending aorta based on femur
length by conducting standard regression analysis, followed by weighted regression of
absolute residual values. This study showed a positive linear correlation between AV, femur
length, and gestational age. As presented in Table 7, AV Z scores and AV to descending
aorta ratios were substantially higher in fetuses with venous malformations than in normal
fetuses. 96% of the abnormal group had Z scores greater than +2, and in 96% of cases, the
AV to descending aorta ratio was greater than the 95% confidence interval [29].

Table 7. Comparison of cardiovascular parameters between abnormal and normal groups.

Characteristic Abnormal Group (n=25)  Normal Group (n = 452)
AV Z score 4.38 (1.51) —0.14 (1.35)
DAo Z score 0.47 (1.64) —0.05 (1.32)
AV /DAo ratio 0.70 (0.08) 0.38 (0.11)

AV, azygos vein; DAo, descending aorta.

Krakowiak-Sarnowska et al. [30] studied the variability of the AVS in 32 human fetuses
(14 male and 18 female) from the 21st to 24th week of intrauterine life, fixed in 10% neutral
formalin solution using conventional anatomical-radiographic methods. Thoracic organs
were removed, and the AVS was exposed. The researchers identified five types of AVS.
Type 1 (65.6%) had three veins each on the left side of VC, HAV, and AHAYV, which joined
the AV separately. In the second type (6.25%), the HAV and AHAYV joined the AV. In type 3
(12.5%), the AHAV was absent, and the 4th to 8th ICVs joined the AV separately. In the 4th
type (6.25%), the HAV was missing, and in the 5th type (9.4%), only the AV was present,
passing along the vertebral midline, and the posterior ICVs were also attached to the AV
from both sides. In summary, the AV was found in all cases, the HAV in 84.4%, and the
AHAV in 80%. An azygos vein system consisting of 3 veins was found in 71.85% of cases,
2 in 18.75%, and 1 in 9.4%. The researchers also examined the AV course. In 90.6% of cases,
it was on the right side of the VC. In the rest of the cases, it was in the vertebral midline.
In 81.25% of cases, the AV and the SVC connection were projected on T4, 12.5% of cases
on T3, and 6.25% on T5. The connection between AV and HAV was found at T8 (35.7%),
T9 (18.7%), T10 (17.8%), Th7 (14.2%), and the least frequently at T5, T6, and T11 (3.5%).
Between AV and AHAV, it is T7 (41.6%), T6 (29.2%), T8 (25%), and T5 (4.2%).

In another study, Grzybiak et al. [31] compared the occurrence of HAV and AHAV
in fetuses, newborns, and adults. They found that HAV was present in 60% of fetuses,
70% of newborns, and 90% of adults, while AHAV was present in only 50% of fetuses and
newborns and 56% of adults.
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12. Clinical Significance

Being aware of the morphological variations of the AV can help clinicians analyze
X-rays, CT scans, MRIs, and other imaging studies of the chest and abdomen. There have
been cases in the past where abnormal azygos veins have been confused with aneurysmes,
lymphadenopathies, and tumors [15]. Also, surgeons should be aware of AV abnormalities
before performing some thoracic and abdominal surgeries, as each AV type differs in many
aspects. Significant changes in the course of the AV, such as the Azygos lobe, should be
considered before performing lung surgery.

The azygos lobe is an additional lobe of the right lung that is separated from the
superior lobe by an azygos fissure. In the azygos fissure lies the AV, covered by four layers
of pleura (in total, two parietal and two visceral layers). The AV and the pleural layers
surrounding it are related, like the mesentery and a portion of the small intestine [32]. This
variation occurs when, during embryonic development, the right PCV loses its touch with
the root of the right lung, which causes it to migrate over the apex of the right lung. As
the lungs become bigger, the AV grooves deeper into the lung parenchyma, creating an
azygos fissure and an azygos lobe [33,34]. This condition is asymptomatic and does not
impact the morbidity of patients [35]. However, it may interrupt thoracoscopic procedures
due to possible coexisting abnormalities, such as altered locations of the SVC, right BCV, or
esophageal atresia [36-38]. Such AV, placed in the azygos fissure, is seen on radiographs as
a hair-like strand which stretches between the apex and the root of the right lung [1]. The
azygos lobe does not have its own bronchial and blood supply, as it is still a part of the
superior lobe of the right lung [39]. The apical and posterior segments of the right superior
lobar bronchus divide into the vertical and lateral branches. The vertical branches of both
segments are then further divided into the ascending rami, which form the bronchial supply
of the azygos lobe, and the descending rami. Venous blood is drained from the azygos
lobe through the apical and posterior branches of the right superior pulmonary vein [40].
This obstruction of the superior lobe by the AV can cause clinical symptoms, most often
chest pain and dyspnea. The AV can separate from its native azygos fissure and obstruct
the right lung in a different place. Such cases can lead to pneumothorax of the right lung,
with a visible separation of the parietal and visceral parts of the pleura [41]. It is worth
noting that the visceral parts may break apart during the expansion procedure and cause
the azygos fissure to disappear. Sporadic cases of a left azygos lobe were documented in
the literature, in which the cause of it was a displaced left superior ICV or an improperly
retained part of the left PCV, which connected the left SupCV and the left BCV, accordingly
to its primitive embryological course [42,43].

Another example of an embryological development error is the absence of the hepatic
segment of the IVC with azygos continuation. This phenomenon occurs when, during
embryonic development, the right SubCV (the renal part of a mature IVC) fails to connect
properly to the hepatic segment of the IVC. In that case, the blood drains into the right
SupCV through the right SupSubCa anastomosis. Concurrently, the hepatic veins drain
directly into the right atrium. During normal development, the right SupCV loses its
connection with the right SupSubCa anastomosis; however, when the hepato-subcardinal
connection is not present, the pressure of the blood prevents the constriction of the con-
nection point between the right supracardinal vein and the right SupSubCa anastomosis,
causing it to stay patent. Compared to a normal AV, the AV that serves as a continuity of
the IVC is significantly larger in diameter [5,44].

The etiology of the AV is, in most cases, correlated with the presence of an “aortic
nipple”. The “aortic nipple” is a specific anomaly seen on radiographs at the level of the
aortic arch. This term was first used by McDonald et al. [45]. When the AV fails to develop,
the blood pressure in the entire AVS rises, leading to the dilation of the veins it comprises
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and its tributaries. Dilation of the left superior ICV, which usually drains into the SVC
and the AHAV, leads to a visible “aortic nipple” on X-ray images at the level of crossing
of these two structures [46]. This slight anomaly can help identify a pneumomediastinum
or a medial left pneumothorax. In the case of a pneumomediastinum, the medial aspect
of the aortic nipple is outlined. In the case of a medial left pneumothorax, the lateral side
of the aortic nipple is visibly contoured [47]. Agenesis of the AV can also be correlated
with a partial pulmonary anomalous venous return (PPAVR). In such cases, it is essential to
consider the altered course of the HAV caused by the agenesis of the AV, as it can be easily
mistaken for one of the pulmonary veins [48].

Because of the proximity of the AV and the right bronchus, there is a risk of creating an
azygo-tracheal fistula when placing foreign objects, such as a catheter, inside the subclavic-
ular vein or the SVC [49]. On the X-ray image, the tip of the improperly placed catheter
will be seen in the azygos arch, or if the catheter lies deeper in the AV, it can be identified as
a loop in the right superior mediastinum [50].

Obstruction of the AV, as well as right-sided heart failure, can lead to fluid accumu-
lation in the right costophrenic angle because the AV drains the right parietal pleural
veins [51]. Depending on the AVS morphological type, the left pleural veins can be drained
by the AV or the HAV, thus making fluid accumulation in the left costophrenic angle
possible in case of increased blood pressure in the AVS [2].

The AV arch can significantly increase its diameter. Its physiological mean diameter
ranges between 7.8 and 8.2 mm. In some cases, the diameter of the AV arch can reach
60 mm, increasing its size by 7.5 times. This can be caused by reverse blood flow from the
SVC or exterior compression, for example, by hilar lymph nodes in chronic inflammatory
diseases of the lungs [52].

Aneurysms of the AV are an uncommon and infrequently diagnosed condition of the
AV. They can be idiopathic, acquired, or caused by traumatic events. In most cases, they
affect the azygos arch, a congenital anatomical weak point. There are no specific symptoms.
However, complications may cause rupture, thromboembolism, mediastinal mass effects,
and pulmonary hypertension. Treatment is not established; some patients are treated with
conservative treatment, including oral anticoagulation. However, surgical treatment like
ligation and endovascular occlusion of the aneurysm should be strongly considered in
cases with clinical symptoms listed above [53].

Pseudoaneurysms of the AV were also reported in the literature. Nugent et al. [54]
published a case report of a 55-year-old woman developing a pseudoaneurysm of the
AV after a high-speed motor vehicle collision. However, this condition can also occur
spontaneously without any trauma. Usually, it is located at the junction of the trachea
and the right upper lobe bronchus. However, in some cases, symptoms such as difficulty
breathing, ongoing cough, dysphagia, and a sensation of heaviness in the chest may occur.
In severe cases, thoracic pain, particularly in the posterior thorax, respiratory distress,
palpitations, and arrhythmia may also be observed. Usually, pseudoaneurysms of the AV
are asymptomatic. It is important to note that these pseudoaneurysms and aneurysms of
the azygos vein can rupture, causing significant bleeding and hemodynamic instability.

13. Conclusions

The AV is morphologically variable in adults and fetuses. The available literature
provides numerous morphological types, an understanding of which can facilitate the work
of clinicians and surgeons.
Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.



Biomedicines 2025, 13, 1013 13 of 14

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Tubbs, R.S.; Shoja, M.M.; Loukas, M. (Eds.) Bergman’s Comprehensive Encyclopedia of Human Anatomic Variation; Wiley: Hoboken,
NJ, USA, 2016. [CrossRef]

2. Buchanan, A.M. Manual of Anatomy, Systematic and Practical, Including Embryology; Macmillan: Toronto, ON, Canada, 1916.
[CrossRef]

3. Snarr, B.S.; McQuinn, T.C.; Wessels, A. Cardiovascular Development. In Fetal and Neonatal Physiology; Elsevier: Amsterdam, The
Netherlands, 2017; pp. 515-522.e2. [CrossRef]

4. Yagel, S.; Kivilevitch, Z.; Cohen, S.M.; Valsky, D.V.; Messing, B.; Shen, O.; Achiron, R. The fetal venous system, Part I: Normal
embryology, anatomy, hemodynamics, ultrasound evaluation and Doppler investigation. Ultrasound Obstet. Gynecol. 2010, 35,
741-750. [CrossRef] [PubMed]

5. vanden Bos, R.R.; de Maeseneer, M.M.G. Endovenous thermal ablation for varicose veins: Strengths and weaknesses. Phlebolym-
phology 2012, 19, 163-169.

6. Verma, M.; Pandey, N.N.; Ojha, V.,; Kumar, S.; Ramakrishnan, S. Developmental Anomalies of the Inferior Vena Cava and its
Tributaries: What the Radiologist Needs to Know? Indian J. Radiol. Imaging 2022, 32, 355-364. [CrossRef] [PubMed]

7. Shin, D.S,; Sandstrom, C.K.; Ingraham, C.R.; Monroe, E.J.; Johnson, G.E. The inferior vena cava: A pictorial review of embryology,
anatomy, pathology, and interventions. Abdom. Radiol. 2019, 44, 2511-2527. [CrossRef]

8.  Paraskevas, G.K.; Koutsouflianiotis, K.N.; Patsikas, M.; Noussios, G. What is the history of the term “azygos vein’ in the anatomical
terminology? Surg. Radiol. Anat. 2019, 41, 1155-1162. [CrossRef]

9.  Bowsher, D. A comparative study of the azygos venous system in man, monkey, dog, cat, rat and rabbit. ]. Anat. 1954, 88, 400—406.

10. Beddard, EE. On the Azygos Veins in the Mammalin. Proc. Zool. Soc. Lond. 1907, 77, 181-223. [CrossRef]

11. Rohilla, A.; Rathee, M.; Singh, K.; Rathee, S.K. Study of Various Patterns of Azygos Venous System and its Clinical Significance.
Indian |. Forensic Med. Toxicol. 2021, 15, 9-13. [CrossRef]

12.  Priya, A.; Philip, S.E,; Jain, A.; Sikka, A. Variations of azygos vein: A cadaveric study with clinical relevance. Anat. Cell Biol. 2023,
56, 448-455. [CrossRef]

13. Koutsouflianiotis, K.N.; Paraskevas, G.K.; Kitsoulis, P.; Noussios, G. A Case of Abnormal Origin of the Azygos Vein System:
An Anatomical Study in a Human Cadaver. Cureus 2019, 11, e5068. [CrossRef]

14. Lachkar, S.; Iwanaga, J.; Newton, E.; Dumont, A.S.; Tubbs, R.S. Split Azygos Vein: A Case Report. Cureus 2021, 13, e13362.
[CrossRef] [PubMed]

15.  Kutoglu, T.; Turut, M.; Kocabiyik, N.; Ozan, H.; Yildirim, M. Anatomical analysis of azygos vein system in human cadavers. Rom.
J. Morphol. Embryol. 2012, 53, 1051-1056. [PubMed]

16. Ozdemir, B.; Aldur, M.M.; Celik, H.H. Multiple variations in the azygos venous system: A preaortic interazygos vein and the
absence of hemiazygos vein. Surg. Radiol. Anat. 2002, 24, 68-70. [CrossRef]

17. Tatar, I; Denk, C.C.; Celik, H.H.; Oto, A.; Karaosmanoglu, D.A.; Ozdemir, B.M.; Surucu, S.H. Anatomy of the azygos vein
examined by computerized tomography imaging. Saudi Med. ]. 2008, 29, 1585-1588.

18.  Koutsouflianiotis, K.; Daniil, G.; Paraskevas, G.; Piagkou, M.; Chrysanthou, C.; Natsis, K. Computed tomography angiography
study of the azygos vein course and termination into superior vena cava: Gender and age impact. Surg. Radiol. Anat. 2021, 43,
353-361. [CrossRef]

19. Mohanty, S.R,; Panigrahi, M.; Upadhyaya, J. Variations in Azygos Venous System in The Eastern Indian Population: A Cadaveric
Study. Int. |. Anat. Res. 2022, 10, 8505-8511. [CrossRef]

20. Li,J.;Mao, Q.; Sun, Z; Li, Q. A rare variant between the left superior vena cava and the azygos vein. Surg. Radiol. Anat. 2017, 39,
107-109. [CrossRef]

21. Koutsouflianiotis, K.; Paraskevas, G.K.; Iliou, K.; Noussios, G. A Left-sided Azygos Vein in a Cadaver: Anatomical and Surgical
Considerations. Cureus 2018, 10, €2610. [CrossRef]

22. Anson, BJ,; Siekert, R.G.; Richmond, T.E.; Bishop, W.E. The Accessory Pulmonary Lobe of the Azygos Veini an Anatomical
Report, with a Record of Incidence. Q. Bull. Northwestern Univ. Med. Sch. 1950, 24, 285.

23. Bales, G. A semi-quantitative approach to variation of the azygos vein course. Clin. Anat. 2014, 27, 1030-1037. [CrossRef]

24. Paik, N.C. Intraspinal azygos vein. Spine J. 2014, 14, 855. [CrossRef] [PubMed]

25. Arslan, G.; Cubuk, M.; Ozkaynak, C.; Sindel, T.; Liileci, E. Absence of the azygos vein. Clin. Imaging 2000, 24, 157-158. [CrossRef]
[PubMed]

26. Keskin, S.; Keskin, Z.; Sekmenli, N. The independent right and left azygos veins with hemiazygos absence: A rare case
presentation. Case Rep. Vasc. Med. 2013, 2013, 282416. [CrossRef] [PubMed]

27. Nayak, S.B.; Soumya, K.V. Transposition and variant termination of azygos and hemiazygos veins: An extremely rare variation.

Surg. Radiol. Anat. 2020, 42, 1303-1306. [CrossRef]


https://doi.org/10.1002/9781118430309
https://doi.org/10.5962/bhl.title.20941
https://doi.org/10.1016/B978-0-323-35214-7.00050-0
https://doi.org/10.1002/uog.7618
https://www.ncbi.nlm.nih.gov/pubmed/20205155
https://doi.org/10.1055/s-0042-1744522
https://www.ncbi.nlm.nih.gov/pubmed/36177287
https://doi.org/10.1007/s00261-019-01988-3
https://doi.org/10.1007/s00276-019-02238-3
https://doi.org/10.1111/j.1096-3642.1907.tb01810.x
https://doi.org/10.37506/ijfmt.v15i4.16650
https://doi.org/10.5115/acb.23.074
https://doi.org/10.7759/cureus.5068
https://doi.org/10.7759/cureus.13362
https://www.ncbi.nlm.nih.gov/pubmed/33747658
https://www.ncbi.nlm.nih.gov/pubmed/23303031
https://doi.org/10.1007/s00276-002-0008-7
https://doi.org/10.1007/s00276-020-02583-8
https://doi.org/10.16965/ijar.2022.248
https://doi.org/10.1007/s00276-016-1705-y
https://doi.org/10.7759/cureus.2610
https://doi.org/10.1002/ca.22346
https://doi.org/10.1016/j.spinee.2013.12.013
https://www.ncbi.nlm.nih.gov/pubmed/24362001
https://doi.org/10.1016/S0899-7071(00)00191-1
https://www.ncbi.nlm.nih.gov/pubmed/11150683
https://doi.org/10.1155/2013/282416
https://www.ncbi.nlm.nih.gov/pubmed/23841014
https://doi.org/10.1007/s00276-020-02471-1

Biomedicines 2025, 13, 1013 14 of 14

28.

29.

30.

31.

32.
33.

34.
35.

36.

37.

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

54.

Badagabettu, S.N.; Shetty, P.; D’Souza, M.R. A Unique Variation of Azygos System of Veins. J. Cardiovasc. Echogr. 2016, 26, 61-64.
[CrossRef]

Wu, L.-H,; Xie, H.-N.; Paladini, D.; Zheng, ].; Du, L.; Lin, M.-F. Azygos Vein Z Scores in Healthy Fetuses and Fetuses With Venous
Malformations Related to the Azygos Vein. J. Ultrasound Med. 2016, 35, 2563-2574. [CrossRef]

Krakowiak-Sarnowska, E.; Wisniewski, M.; Szpinda, M.; Krakowiak, H. Variability of the azygos vein system in human foetuses.
Folia Morphol. 2003, 62, 427-430.

Grzybiak, M.; Szostakiewicz-Sawicka, H.; Treder, A. Remarks on pathways of venous drainage from the left upper intercostal
spaces in man. Folia Morphol. 1975, 34, 301-313.

Stibbe, E.P. The Accessory Pulmonary Lobe of the Vena Azygos. |. Anat. 1919, 53 Pt 4, 305-314.

Torunska, E.; Klepacki, L. The azygos lobe, an incidental finding in computer tomography. Folia Morphol. 2023, 83, 478-481.
[CrossRef]

Tran, C.T.; Miao, K.H.; Lui, F. Anatomy, Thorax, Lung Azygos Lobe; StatPearls Publishing: Treasure Island, FL, USA, 2024.

Kotov, G.; Dimitrova, LN.; Iliev, A.; Groudeva, V. A Rare Case of an Azygos Lobe in the Right Lung of a 40-year-old Male. Cureus
2018, 10, €2780. [CrossRef] [PubMed]

Sieunarine, K.; May, J.; WHITE, G.H.; Harris, ].P. Anomalous Azygos Vein: A Potential Danger During Endoscopic Thoracic
Sympathectomy. Aust. N. Z. ]. Surg. 1997, 67, 578-579. [CrossRef] [PubMed]

Al-Mnayyis, A.; Al-Alami, Z.; Altamimi, N.; Alawneh, K.Z.; Aleshawi, A. Azygos Lobe: Prevalence of an Anatomical Variant and
Its Recognition among Postgraduate Physicians. Diagnostics 2020, 10, 470. [CrossRef] [PubMed]

Eradi, B.; Cusick, E. Azygos lobe associated with esophageal atresia: A trap for the unwary. J. Pediatr. Surg. 2005, 40, e11-e12.
[CrossRef]

Hall, EM. The vanishing azygos lobe. AJR Am. ]. Roentgenol. 2010, 195, 1284; author reply 1285. [CrossRef]

Chiba, S.; Suzuki, T.; Takahashi, D.; Kasai, T. An autopsy case of azygos lobe and the extra-pulmonary course of the bronchial
veins in man. Okajimas Folia Anat. Jpn. 1990, 66, 313-337. [CrossRef]

Taydas, O.; Atceken, Z.; Ariyurek, O.M. Reentrance of Azygos Vein into Azygos Fissure After Pneumothorax. Eurasian J. Med.
2017, 49, 62-63. [CrossRef]

Takasugi, J.E.; Godwin, ].D. Left azygos lobe. Radiology 1989, 171, 133-134. [CrossRef]

Weston, W.]. Left-sided lobe of the azygos vein. J. Fac. Radiol. 1954, 5, 286-288. [CrossRef]

Bass, J.E.; Redwine, M.D.; Kramer, L.A.; Huynh, P.T.; Harris, ].H. Spectrum of congenital anomalies of the inferior vena cava:
Cross-sectional imaging findings. Radiographics 2000, 20, 639-652. [CrossRef]

McDonald, C.J.; Castellino, R.A.; Blank, N. The aortic ‘nipple’. The left superior intercostal vein. Radiology 1970, 96, 533-536.
[CrossRef] [PubMed]

Ball, J.B.; Proto, A.V. The variable appearance of the left superior intercostal vein. Radiology 1982, 144, 445-452. [CrossRef]
[PubMed]

Heitzman, E.R. The Mediastinum; Springer: Berlin/Heidelberg, Germany, 1977. [CrossRef]

Black, M.D.; Freedom, R M. Azygos vein agenesis and PAPVR: A potential surgical hazard. Ann. Thorac. Surg. 1997, 64, 1829-1831.
[CrossRef] [PubMed]

Quattrocchi, C.C.; Sammarra, M.; Carassiti, M.; Vincenzi, B.; Tonini, G.; Grasso, R.E.; Zobel, B.B. Azygo-tracheal fistula in a
complete implantable central venous system. J. Clin. Oncol. 2006, 24, 4029—4031. [CrossRef]

Piciucchi, S.; Barone, D.; Sanna, S.; Dubini, A.; Goodman, L.R.; Oboldi, D.; Bertocco, M.; Ciccotosto, C.; Gavelli, G.; Carloni,
A.; et al. The azygos vein pathway: An overview from anatomical variations to pathological changes. Insights Imaging 2014, 5,
619-628. [CrossRef]

Dembowski, U.; Hasse, H.M.; Koble, H. Accidents during angiography. Z. Kreislaufforsch 1955, 44, 959-966.

Siddorn, J.A.; Worsornu, L. Dilatation of the azygos vein simulating a mediastinal tumour. Thorax 1979, 34, 117-119. [CrossRef]
Kreibich, M.; Siepe, M.; Grohmann, ]J.; Pache, G.; Beyersdorf, F. Aneurysms of the azygos vein. J. Vasc. Surg. Venous Lymphat.
Disord. 2017, 5, 576-586. [CrossRef]

Nugent, K.; McCague, A.; Rivard, S.; Henken-Siefken, A. Azygos Vein Pseudoaneurysm After Trauma: A Case Report. Cureus
2024, 16, €51553. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.4103/2211-4122.183761
https://doi.org/10.7863/ultra.16.01087
https://doi.org/10.5603/FM.a2023.0033
https://doi.org/10.7759/cureus.2780
https://www.ncbi.nlm.nih.gov/pubmed/30112256
https://doi.org/10.1111/j.1445-2197.1997.tb02046.x
https://www.ncbi.nlm.nih.gov/pubmed/9287933
https://doi.org/10.3390/diagnostics10070470
https://www.ncbi.nlm.nih.gov/pubmed/32664403
https://doi.org/10.1016/j.jpedsurg.2005.07.032
https://doi.org/10.2214/AJR.10.4579
https://doi.org/10.2535/ofaj1936.66.6_313
https://doi.org/10.5152/eurasianjmed.2017.16267
https://doi.org/10.1148/radiology.171.1.2928516
https://doi.org/10.1016/S0368-2242(54)80019-4
https://doi.org/10.1148/radiographics.20.3.g00ma09639
https://doi.org/10.1148/96.3.533
https://www.ncbi.nlm.nih.gov/pubmed/4917287
https://doi.org/10.1148/radiology.144.3.7100455
https://www.ncbi.nlm.nih.gov/pubmed/7100455
https://doi.org/10.1007/978-3-642-73301-7
https://doi.org/10.1016/S0003-4975(97)01071-0
https://www.ncbi.nlm.nih.gov/pubmed/9436588
https://doi.org/10.1200/JCO.2006.05.6440
https://doi.org/10.1007/s13244-014-0351-3
https://doi.org/10.1136/thx.34.1.117
https://doi.org/10.1016/j.jvsv.2016.12.012
https://doi.org/10.7759/cureus.51553

	Introduction 
	Embryology 
	Evolution 
	Morphological Variants of the AV in Adults 
	Origin of the AV 
	Connection with HAV and AHAV 
	Termination of the AV 
	Tributaries 
	Diameter of the AV 
	Course of the AV 
	Morphological Variations of the AV in Fetuses 
	Clinical Significance 
	Conclusions 
	References

