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Abstract
Purpose  The study highlights azygos vein (AV) topography, arrangement and confluence morphometry in dyspnoea and 
tachycardia patients of extrapulmonary and extracardiac aetiology.
Method  Computed-tomography angiography of 25 male and 26 female patients (mean age 66.5 years) were studied for: 
thoracic vertebral (T) height of AV- superior vena cava-SVC confluence, AV course and deviations from vertebral column 
(VC) midline, AV and SVC diameters, distance (AV arch- lower border of carina) and gender and age impact.
Results  Commonest heights of the AV-SVC confluence were T5 (56.9%), T4 (31.4%), T6 (9.8%) and T3 (2%). The AV 
terminated into SVC after crossing the left side of VC midline in 56.9%, slightly deviated right of the midline in 37.3% and 
coursed right of VC in 5.9%. Mean AV and SVC diameters were 0.96 ± 0.18 cm and 1.86 ± 0.27 cm. Male predominance in 
AV and SVC diameters and a slight AV diameter significant increase with the age were found. The (AV highest point—lower 
border of carina) mean distance was 2.05 ± 0.44 cm and male predominance existed.
Conclusion  The commonest termination height of the AV was T5, while T3 was the rarest one. Aging induces the AV left-
ward displacement, while gender had no impact. AV and SVC diameters had higher significant values in males, while ageing 
had a significant impact only in AV diameter. The AV higher diameters will be used as predictors for higher values of SVC 
diameter and mediastinum pathology. Such findings can be useful in mediastinal surgery, mediastinoscopy and surgery of 
VC deformations, neurovascular surgery of retroperitoneal organs, disc herniation and T fractures.
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Introduction

The azygos vein (AV) typically ascends posterior medi-
astinum along thoracic vertebrae (T) anterolateral surface, 
after coursing through the diaphragm and terminates at 
T4, arching anteriorly (the so-called AV arch) to superior 
vena cava (SVC) [30], close to the 2nd costal cartilage 

(± 16.3 mm rightward) of vertebral column (VC) midline 
[21]. Rarely, the AV drains into the right brachiocephalic 
vein, the right subclavian vein, the intrapericardial SVC 
and the right atrium [5, 8]. The AV via its imperfect valves 
allows bi-directional collateral circulation, functioning as 
an alternative heart pathway, in cases of SVC thrombosis. 
Communication with vertebral venous plexuses also assists 
in collateral circulation [35]. The AV may also act as a 
metastatic pathway to the lungs. Moreover, it contributes to 
delineating the anatomical contours of the right paratracheal 
space and azygo-oesophageal recess [25].

The AV displays a high topographic and morphological 
variability and particularly its deviation warrants further 
systematic investigation in larger cadaveric and imaging 
samples.

Modern imaging modalities (computed tomography 
angiography-CTA and magnetic resonance imaging- MRI) 
help the accurate depiction and in a deep understanding of 
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thoracic regional anatomy and particularly vessels’ morphol-
ogy [5]. CTA is considered the gold standard for pulmonary 
embolism diagnosis [37] and could be used as an alternative 
tool instead of cadavers’ dissection to investigate thoracic 
vessels’ anatomy.

The current study highlights AVs topography and 
arrangement, as well as AV-SVC confluence morphometry 
by using chest CTAs of male and female patients of differ-
ent ages (1st age group, 18–52 years) and (2nd, 53 years 
and above) with dyspnoea and tachycardia symptoms of 
extrapulmonary and extracardiac aetiology. T projection 
height of the AV drainage into SVC (veins confluence) was 
recorded scanning T to the upper, middle and lower thirds. 
The AV course was recorded in relation to VC midline and 
emphasis was given to leftward and rightward deviations. 
AV and SVC diameters, as well as T height, in which AV 
joins SVC and the (AV arch-carina) distance, were meas-
ured. Gender and age impact were further investigated and 
discussed.

Material and methods

Thoracic CTAs of 51 (25 male of mean age 67.8 and 26 
female of mean age 65.35 years) Greek patients were inves-
tigated, between September 2018 and April 2019. Patients 
gave a written informed consent for retrospective data analy-
sis in accordance to Helsinki Declaration. Patients’ sample 
(mean age 66.5 ± 17.2 years) was divided into 2 age groups: 
1) 18–52 years (9 patients) and 2) 53 years and above (42 
patients) to better examine age impact on measured param-
eters. Ethics Committees of the Aristotle University and 
the General Hospital “G. Gennimatas” of Thessaloniki 
waived ethical approval. CTA images were acquired with 
a Toshiba Aquilion CXL CT scanner (128-slice). Imaging 

was obtained before and after a bolus injection of 120 mL 
(4–5  mL/s) of non-ionic contrast material (Iopromide, 
Ultravist 300, Bayer Schering Pharma, Berlin, Germany) 
in arterial and portal phases with 5 mm slice thickness, a 
pitch 2, 3 mm reconstruction interval and 1 s scan time. All 
measurements were performed by using the Radiant Dicom 
Viewer software after multiplanar reconstruction in coronal, 
axial, sagittal and oblique views. To accurately determine 
the exact T level of the AV-SVC confluence projection; ver-
tebrae were divided into upper, middle and lower thirds. 
Each T covered the distance from the middle of the superior 
until the middle of the inferior intervertebral disks. The AV 
course was recorded in relation to VC midline (right of VC 
midline, VC midline, crossing to the left side of the midline 
and back to the right side into SVC termination). The AV 
and SVC diameters at the AV-SVC confluence (Fig. 1) and 
the distance (highest point of AV arch—lower margin of 
carina) were also calculated (Fig. 2).

Inclusion criteria

51 out of 103 (49.51%) CTAs of patients, who have visited 
the Emergency Department with dyspnoea and tachycardia 
symptoms due to extrapulmonary and extracardiac condi-
tions without alterations of mediastinal structures topog-
raphy, were included. Only mental and thyroid disorders, 
anxiety and anemia cases constituted our sample.

Exclusion criteria

52 CTAs with pathological signs (congestive heart failure, 
acute coronary syndrome, pneumonia, chronic obstructive 
pulmonary disease and pulmonary embolism), alterations in 
mediastinal anatomy (tumors or previous surgery), technical 
errors, severe artifacts, inadequate vascular enhancement or 

Fig. 1    Measurement point of 
the azygos vein (AV) diameter 
at the AV—SVC confluence. 
Multiplanar reconstruction at 
the axial planes, SVC-superior 
vena cava. Crossing points of 
two (yellow and pink) lines 
depict the AV-SVC confluence 
point (resulting outer diameter 
is depicted)
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incomplete datasets and cases with lack of signed consent 
from patients.

Statistical analysis was performed using IBM SPSS 
statistical package (version 22). Descriptive statistics are 
displayed as mean ± standard deviation (SD) for continu-
ous variables and number (%) for categorical variables.
Distributions’ normality was checked using the Kolmogo-
rov–Smirnov test (observations ≥ 50). In cases of variables 
that did not follow the normal distribution, non-parametric 
tests were used. Gender dimorphism was investigated with 
Independent Sample T test and Mann–Whitney U test and 
age impact with Kruskal–Wallis and one-way ANOVA tests. 
For all analyses, p values ≤ 0.05 were accepted as significant. 
A Pearson correlation was applied to detect any possible cor-
relation in variables followed normal distribution; otherwise 
Spearman correlation was used.

Results

The AV-SVC confluence projected at T5 in 56.9% (29 cases, 
14 males and 15 females), T4 in 31.4% (16, 8 males and 
8 females), T6 in 9.8% (5, 3 males and 2 females) and T3 
in 2% (1 female). The commonest heights were the middle 
(43.1%, 8 males and 22 females), lower (33.3%, 11 males 

and 6 females) and upper (23.5%, 6 males and 6 females) 
T thirds, particularly T5 middle third in 27.45% (14 cases) 
(Fig. 3), T4 lower third in 21.56% (11 cases), T5 upper third 
in 17.64% (9 cases) and T5 lower third in 11.76% (6 cases) 
(Table 1). Rare heights were T3 (middle) and T4 (upper) 
third. The AV course in relation to VC midline was classi-
fied into 3 types: 1st type (AV crossed left side of midline 

Fig. 2    The distance lower 
border of carina (Car)—highest 
point of the azygos vein (AV) 
arch (multiplanar reconstruc-
tion from data acquired in the 
coronal plane). Osteophytes 
formation appears in the left 
figure

Fig. 3    The azygos vein (AV) 
vertebral level of projection, 
SVC-superior vena cava, T5-5th 
thoracic vertebra (multipla-
nar reconstruction from data 
acquired in the sagittal plane). 
Osteophytes formation at 
T7-T10 area in the right figure

Table 1     Vertebral level of projection (height) of the azygos vein 
(AV)-superior vena cava (SVC) confluence

T thoracic vertebra, n number of cases, N total cases

Vertebral level of projection of the 
AV-SVC confluence

n Frequency (%)

T3-middle third 1 1.96
T4-upper third 1 1.96
T4-middle third 4 7.84
T4-lower third 11 21.56
T5-upper third 9 17.64
T5-middle third 14 27.45
T5-lower third 6 11.76
T6-upper third 2 3.92
T6-middle third 3 5.88
N 51 100%
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and back to right side into SVC) in 56.9% (29 cases, 15 
males and 14 females). Among them, in 96.5% (28 cases), 
this course was recorded in individuals older than 53 years 
of age (2nd group) (Fig. 4); 2nd type (AV ascended medi-
astinum, slightly right of VC midline, before ending into 
SVC) in 37.3% (19 cases, 10 males and 9 females). Among 
them, in 68.4% (13 cases), this course was recorded in 
elder individuals (2nd group) (Fig. 5) and 3rd type (AV 
coursed right of VC and terminated directly into SVC) in 
5.9% (3 female cases) (Fig. 6). Among them, only 1 case 

was identified in the 2nd group (33.3%). Mean AV and 
SVC diameters were 0.96 ± 0.18 cm (min 0.59, max 1.58) 
and 1.86 ± 0.27 cm (1.27, 2.55). Gender dimorphism was 
found in AV (p = 0.036) and SVC (p = 0.003) diameters 
(male predominance in AV and SVC diameters with mean 
values 1.02 ± 0.12 cm and 1.97 ± 0.27 cm) compared to 
females (0.91 ± 0.22 cm and 1.76 ± 0.22 cm, respectively). 
A slight significant increase of the AV diameter with the 
age (1st 0.86 ± 0.15 cm and 2nd 0.99 ± 0.18 cm) was found 
(p = 0.056), while SVC diameter did not influence by the age 

Fig. 4    Left-sided azygos vein 
(AV) after multiplanar recon-
struction in axial and coronal 
views, Ao-aorta

Fig. 5    The midline right posi-
tion of the azygos vein (AV) 
after multiplanar reconstruction, 
AO-aorta. Osteophyte formation 
in the left figure

Fig. 6    The right-sided azygos 
vein (AV), Ao-aorta, T8-8th 
thoracic vertebra. Osteophytes 
in the right figure
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(1st 1.80 ± 0.27 cm and 2nd 1.88 ± 0.27 cm). AV and SVC 
diameters were positively strong correlated (**) (p = 0.001 
and r = 0.467**). The (AV highest point—lower border of 
carina) mean distance was 2.05 ± 0.44 cm (1.11–3.58 cm). 
Gender dimorphism (p = 0.025) with male predominance 
(2.19 ± 0.46 cm) compared to females (1.91 ± 0.38 cm) 
was found. No age impact was detected, although a slight 
increase of the distance was observed in between two age 
groups (1st group, 1.93 ± 0.45 cm and 2nd 2.07 ± 0.44 cm). 
The distance AV-carina is positively correlated (*) and 
strong correlated (**) to AV diameter (p = 0.034, r = 0.298*) 
and to SVC diameter (p = 0.001, r = 0.496**), respectively.

Discussion

Diversity in the azygos vein termination height 
into SVC

T5 height

In the present study (patients of mean age 66.5 years), the 
commonest height of the AV termination into SVC was T5 
(56.9%), similar to Kanchana latha et al. [15] (70%) in a 
sample of fetuses.

After intra-comparison of the present CTA study (51 
CTAs in a Greek population) with Tatar et al. [32] study 
(103 CTAs in a Turkish population) a similar frequency 
(56.9% in Greeks and 55% in Turks) of the same height 
(T5) was identified.

T4 height

Krakowiak-Sarnowska et al. [16] found T4 height of ter-
mination with a high frequency of 81.4% in Polish fetuses, 
similar to Kanchana latha et al. [15] in a mixed cadaveric 
sample (91.46% of adult and 100% of children cadavers). 
Raghavendra and Bhosale [26] found a frequency of 53%. 
In Tatar et al. [32] CTA study the frequency was found in 
40% and in the current CTA study in 31.4%.

T3 height

Kutoglu et al. [17], Patra et al. [24] and Dahran and Soames 
[8] found T3 height of termination in 66.7% [17], in 53.3% 
[24] and in 46.66% [8], contrariwise to the present study 
which concluded to this level in 2% and Raghavendra and 
Bhosale [26] study who found this level very rarely. Kan-
chana latha et al. [15] found T3 height of termination in 
lower frequencies (10% in fetuses and 8.54% adult cadavers).

Other heights

Raghavendra and Bhosale [26] identified T3-T4 junction in 
14% and very rarely the level above T3. Possible explana-
tions of the different frequencies in AV-SVC confluence 
heights may be the age impact (samples with different 
mean ages) and the different methods of measurements. 
In the current study, the mean age of patients was rather 
high (66.5 years), thus a lot of subjects displayed significant 
age-related degenerative alterations of the typical spinal 
anatomy. Also the present study was based on CTAs, while 
other studies on cadavers’ dissection. In the current study, 
no gender dimorphism was found, while the age impact was 
not investigated due to the low number of subjects (9) in the 
first age group.

Deviations of the AV mediastinal course and age 
impact

Regarding AV mediastinal course, we believe that the ves-
sel is moving to VC midline and then passes leftward for a 
certain distance before came back (rightward) and termi-
nate into SVC. Reviewing published data on AV mediasti-
nal course, the vessel follows this displacement with ageing 
(Table 2, Fig. 7).

The left‑sided AV and age impact

Krakowiak-Sarnowska et al. [16] (fetuses) and Kagami and 
Sakai [14] (newborns) found no case of left-sided AV, while 
Rokutannda [27] and Nathan [23] (newborns) recorded fre-
quencies 2% and 15%, respectively. Fokutome [11] (mean 
age 42 years) and Tatar et al. (mean age 43 years) [32] 
identified the AV leftward course in 4% and 22.3%, respec-
tively. Tateshi [33] in his cadaveric study (mean age at death 
55 years) found a left-sided AV in 18%, while the present 
study (mean age 66.5 years) resulted in 56.9%. The present 
study highlights the vast majority (28 out of 29) of cases 
found in the ages of 49 years and above. Kagami and Sakai 
[14] (79 years) and Saito et al. [28] (85 years) investigat-
ing populations of higher mean age identified a left-sided 
AV in the higher frequencies of 85% and 94%, respectively. 
The above course comes in agreement only with Standing’s 
classic anatomical textbook [30] since in the majority of 
textbooks, the AV typical course is the rightward one [1, 
20], found in the current study only in 5.9% (3 female cases). 
In such books, no further details about the age impact are 
provided.

Aging affects AV arrangement, altering vessel’s position 
from rightward to leftward of VC, before its termination 
into SVC. Possible explanations for such displacement could 
be the existence of asymmetric osteophytes on the anterior 
surface of T bodies, which induce mechanical pressure to 
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vein forcing to the leftward displacement [23]. Bales [3] 
attributed the displacement to crossover veins, which gradu-
ally over time transpose the vessel from its regular course. 
Another explanation is the degenerative changes during age-
ing that lead to aorta elongation and cause AV deviation, as 
both vessels, located parallel to each other, are surrounded 
by dense connective tissue [14]. Normal aging induces 
several alterations to vessels’ morphology (luminal diam-
eter, segment length, and local curvature) and physiology. 
Arteries, due to calcium deposition lose their elasticity and 
a slight elongation of them takes place, leading to tortuos-
ity. Tortuosity and curvature of descending thoracic aorta 
increases significantly with age [4], thus we can hypothesize 
that the dislocated aorta drifts the adjacent AV leftward of 
VC. The AV arc leftward maximum extent is most often just 
to the left of the midline but may reach to the extreme left 

side of T [3]. The AV deviation was not influenced by the 
gender in the current study.

AV and SVC morphometry in normal 
and pathological subjects. The gender and age 
impact

In the current CTA study, the mean AV diameter was 
0.96 ± 0.18 cm with higher values in males, while Tatar et al. 
[32] identified a lower mean value (0.81 cm) in Turks. In 
cadaveric studies, Dahran and Soames [8] found the lowest 
mean value (0.621 ± 0.136 cm) in a Scottish population and 
Patra et al. [24] the highest mean value (1.22 ± 0.158 cm) 
in Indians. Kutoglu et  al. [17] found a mean value of 
0.85 ± 0.125 cm in Turks and Fleischner a mean value of 
0.9 cm [10].

The vein enlargement was described by Milne [18] and 
Milne et al. [19] in the supine position or in overhydration 
and renal failure cases or in mid-trimester pregnancy. In a 
CTA study of 82 pulmonary embolism patients, Ghuysen 
et al. [12] suggested that the AV and SVC diameters could 
be used as indicators of both severity and increased risk 
of mortality. Recognition of a dilated (aneurismal) AV is a 
key point to diagnose SVC thrombosis and should always 
be taken into consideration in patients with central venous 
catheters, and neoplasms. In an obstructed SVC due to neo-
plasm, the AV dilatation may occur either by direct invasion, 
thrombosis or extrinsic vein compression and may pose a 
high risk of rupture.

The current study found mean SVC diameter 
1.867 ± 0.27 cm with higher values in males and the AV 
and SVC diameters are positively strong correlated, finding 
that comes in agreement with Ghuysen et al. [12] view. The 
current study points out that the AV higher diameters will 
be used as predictors for higher values of SVC diameter and 
mediastinum pathology.

Table 2     The azygos vein arrangement in relation to the midline of vertebral column among various (cadaveric-C and computed tomography 
angiography-CTA) studies

Author(s) Year Study Sample Rightward (%) Middle-right (%) Leftward (%) Mean age

Tateshi [33] 1939 C 11 18% 64% 18% 55 years
Fukutome [11] 1951 C 54 – 96% 4% 42 years
Rokutannda [27] 1959 C 50 30% 68% 2% 6 months
Nathan [23] 1960 C 20 70% 15% 15% Newborn

130 20% 27% 53% Advanced age adults
Kagami and Sakai [14] 1990 C 10 60% 40% – 5 months

26 4% 11% 85% 79 years
Krakowiak-Sarnowska et al. [16] 2003 C 32 91% 9% – Fetuses
Tatar et al. [32] 2008 CTA​ 103 37.9% 39.8% 22.3% 43 years
Saito et al. [28] 2015 C 47 – 6% 94% 85 years
Present study 2020 CTA​ 51 5.9% 37.3% 56.9% 66 years

Fig. 7     Frequencies of left-sided azygos vein (blue color) which 
increase with the ageing. The frequencies of right-sided azygos vein 
(black) and middle-right position (brown) have a decreasing tendency 
with the ageing



359Surgical and Radiologic Anatomy (2021) 43:353–361	

1 3

Ageing affected significantly the AV diameter (higher 
statistical significant values in the 2nd age group), while 
the SVC diameter had higher values in individual elder than 
53 years.

AV arch location in relation to carina and possible 
clinical implication

In the current study, the mean distance (AV arch high-
est point-lower margin of carina) was 2.05 ± 0.44 cm and 
male predominance was found (2.19 ± 0.46 cm) compared 
to females 1.91 ± 0.38 cm. No age impact was detected, 
although a slight increase of the distance was observed with 
ageing (1st group, 1.93 ± 0.45 cm and 2nd 2.07 ± 0.44 cm). 
Tatar et al. [32] found the mean value in 1.6 mm. The dif-
ference between the two CTA studies in Greek and Turk 
populations is very increased. Due to lack of information, 
we hypothesized that Tatar and co-authors [32] calculated 
the minimum distance (AV-inferior border of carina) and not 
the distance (AV arch- inferior border of carina). In the cur-
rent study, positive correlations between AV diameter, SVC 
diameter and AV-carina distance were found. The above 
results are probably confirmed in pathological cases (con-
gestive heart failure), in which, the increase of the AV and 
SVC diameters is obvious. For that reason, we believe that 
the (AV arch-lower margin of carina) distance has applica-
tion in thoracic surgery, in cases of right upper lobectomy, in 
which exceptional accuracy and in-depth knowledge of the 
surgical field is fundamental to avoid severe intraoperative 
complications. The meticulous knowledge of SVC topog-
raphy and morphometry and its distance from carina is of 
paramount importance for surgeons performing right sleeve 
pneumonectomy or right upper sleeve lobectomy, usually 
followed by SVC resection and reconstruction [22]. The 
AV course until its termination, as well as its morphometry 
(diameter and distance from carina) and possible variants 
is an essential knowledge for clinicians before address-
ing conditions such as aneurysms, mediastinal tumors or 
enlarged lymph nodes [6], as well as for surgeons planning 
thans-thoracic esophagectomy for esophageal cancer [34]. In 
such cases, the AV preoperative imaging by CTA is essen-
tial to appreciate the occurrence and grade of mediastinal 
metastasis from tumors of esophagus proximal or distal 
third [7]. Additionally, the AV CTA is a fundamental step 
in vein’s preservation during surgery for esophageal atresia 
with tracheoesophageal fistula. In such cases, the AV main-
tenance allows mediastinum proper drainage and decreases 
postoperative chest congestion and pneumonitis. It may also 
help in better healing of esophageal anastomosis forming 
an additional protective factor against anastomotic leaks 
[29]. The detailed preoperative imaging may also help the 
diagnostic process, as many pathological conditions, such as 
thoracic aorta aneurysms, posterior mediastinum tumors and 

enlarged lymph nodes mimic variant AV morphology [6]. 
Taking into consideration the typical range of AV diameters 
may be helpful in interpretation cases of vein dilatation and 
retroaortic anastomoses (collateral pathways) due to SVC 
or inferior vena cava occlusion [31] or of the azygos venous 
system pathological cases (non-neoplastic conditions, fibros-
ing mediastinitis or tuberculous adenitis) [7]. AV diameter 
may also serve as a predictor of mortality in patients with 
severe pulmonary embolism [12].

Study limitations

The low number of patients in the total sample and par-
ticularly in the younger age group, as well as the lack of 
investigation of pathological cases of the mediastinum. 
Moreover, the lack of measurements concerning the height 
of each vertebra (T3-T6) did not allow the comparison of 
the AV-SVC confluence height with vertebral body height 
according to age.

Conclusion

In the present study, the commonest height of the AV termi-
nation was T5, while a plethora of studies concluded to T4 
level (53–100%). T3 height was also found (46.6–66.7%) by 
other authors. T3-T4 junction and level above T3 are rarer 
terminations. Safe conclusions cannot be exported in rel-
evance to the impact of the age in AV termination, due to the 
fact that the current study is based on a limited sample, thus 
additional studies, both radiological and cadaveric should 
be conducted.

The AV is moving to VC midline and then passes left-
ward for a certain distance, before its termination into SVC, 
rightward. The leftward displacement is age but not gender-
related, as it was concluded by the current research, based 
on a limited sample, similarly to other studies. The rightward 
deviation was identified less commonly.

AV and SVC diameters had higher significant values in 
males than females, while the advance age had a significant 
impact only in AV diameter and a positive one with higher 
values on SVC diameter. A positively strong correlation 
existed between AV and SVC diameters, indicating that 
higher AV diameters lead to higher SVC diameters and vice 
versa. The AV higher diameters will be used as predictors 
for higher values of SVC diameter and mediastinum pathol-
ogy. In males, the AV highest point was significantly longer 
from the lower border of carina compared to females, while 
in elder subjects the distance did not differ significantly, 
although longer distances were recorded in elder patients 
compared to the younger ones. Current findings can be use-
ful in mediastinal oncological surgery, mediastinoscopy 
and surgery of VC deformations, neurovascular surgery of 
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retroperitoneal organs, disc herniation and T fractures. The 
CTA imaging of AV, preoperatively, is a fundamental step of 
investigation of its topography, morphology, morphometry 
and possible alterations of its arrangement in relation to VC, 
either in cases of ageing or in pathological cases.
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