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Abstract

The azygos venous system demonstrates some variability arising from the complex regression
and persistence of the supracardinal, subcardinal, and posterior cardinal veins during embryonic
development. Among its historically rarer variants, a pre-aortic interazygos vein represents an
additional venovenous connection between the left-sided hemiazygos and right-sided azygos
systems. This additional connection is seldom documented in the literature and provides valuable
insight into the developmental plasticity of the thoracic venous network. During routine mediastinal
dissection of an adult female cadaver, an example of this distinct venous channel was identified. In
this specimen, the pre-aortic interazygos vein formed the ventral limb of a loop around the thoracic
aorta, while the dorsal limb, to which it connected, persisted as the expected anatomical pattern of
the hemiazygos system. This inferior, pre-aortic circumflex interazygos vein ascended obliquely at
the levels of T7 to T9.

In this paper, we describe the anatomic features, review the developmental basis, and discuss
the clinical relevance of this pre-aortic interazygos system variant. We also discuss that the true
incidence of an interazygos vein is likely severely underreported, as most documented cases have
been identified through whole-body cadaveric dissection. To date, only 24 prior cases of a pre-
aortic interazygos tributary have been reported in the past century. Further, this inferior, pre-
aortic circumflex interazygos vein is the first case of this anastomotic pattern to be documented.
Recognition of this venous variant is essential for accurate radiologic interpretation, avoidance of
iatrogenic injury during thoracic and retroperitoneal procedures, and consideration of mediastinal

Introduction

In what is considered the typical or most common arrangement, the azygos venous system
consists of three longitudinal channels: the azygos vein on the right, and the hemiazygos and
accessory hemiazygos veins on the left, which together provide a critical collateral network between
the superior and inferior venae cava [1].

The azygos vein, situated along the right side of the vertebral column, originates from the
right ascending lumbar vein and the right subcostal vein, ascending through the aortic hiatus of
the diaphragm. It receives both parietal and visceral tributaries and serves as a return channel
for deoxygenated blood from the posterior thorax [2,3]. The parietal branches include the right
posterior intercostal veins, typically from the 5th to the 11th spaces, the subcostal vein, and the
superior lumbar veins. The visceral tributaries include the bronchial, esophageal, mediastinal, and
pericardial veins. At about the level of T4, the azygos vein arches anteriorly over the root of the
right lung and empties into the superior vena cava, forming a prominent venous arch visible on
radiographs as the “azygos shadow,” [4].

On the left side, the hemiazygos vein typically arises from the left ascending lumbar vein around
the level of T12, ascends on the left side of the vertebral bodies, and crosses the midline posterior to
the aorta to empty into the azygos vein near T8-T9 [5]. The hemiazygos serves as a return channel
for deoxygenated blood from the lower left posterior thorax.

Superior to this, the accessory hemiazygos vein drains the 4th through 7th left posterior
intercostal veins, though its origin and termination can vary widely, it may receive tributaries
directly from the left brachiocephalic vein, join the hemiazygos below, or communicate directly
with the azygos vein itself [6,7].
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Both the hemiazygos and accessory hemiazygos veins typically
course posterior to the thoracic aorta, thoracic duct, and esophagus,
maintaining a symmetrical but independent drainage pattern relative
to the azygos on the right.

The azygos and hemiazygos veins contain very few valves, a
feature that permits bidirectional flow and enables them to serve as
important portocaval and cavo-caval anastomotic pathways. This
is supported by anatomical evidence showing that the azygos vein
typically possesses only one valve, and rarely two, most often located
in the arch, near its entry into the superior vena cava in 70% to 90%
of cases [8,9]. The hemiazygos vein infrequently contains valves, with
an incidence of about 3%, usually found near its confluence with the
azygos vein [10].

Clinically, this capacity becomes significant in conditions such
as superior vena cava (SVC) obstruction, where blood is rerouted
through the azygos system to the inferior vena cava, or in portal
hypertension, where esophageal veins draining via the hemiazygos
system can become engorged, producing esophageal varices.
Enlargement of the azygos vein on imaging is a key radiographic sign
of SVC syndrome, reflecting its compensatory role in maintaining
venous return in the setting of caval obstruction [11].

Given a typical posterior venous plane relationship, a transverse
anastomosis that crosses anterior to the aorta, as in this case report,
represents an unusual and striking deviation from the norm,
highlighting the embryonic variability and the capacity for persistent
venous communications.

Historically, this transverse anastomosis has been referred to as
an “interazygos vein.” A recent, preceding review and case report
by Sahai et al. found there to be only 24 reported instances of this
variation in the past century. Further, only 3 prior cases of the
variation forming a venous loop have been reported.

Case Presentation

During a routine gross anatomy dissection in the medical
curriculum at Noorda College of Osteopathic Medicine, a rare
anatomic variation was identified in the posterior mediastinum,
anterior to the aorta. The body donor was a 60-year-old female
whose death was caused by complications of metastatic lung
adenocarcinoma. Donor specimens utilized in this educational
program are provided by The Body Donor Program administered by
the University of Utah Department of Neurobiology, which follows
all ethical guidelines established under the Uniform Anatomical Gift
Act, with informed consent obtained prior to donation.

In this case, the pre-aortic interazygos vein formed the ventral
limb of a loop around the thoracic aorta, while the dorsal limb, to
which it connected, persisted as the expected anatomical pattern of
the hemiazygos system.

The interazygos vein originated from the left hemiazygos vein
at the T9 vertebral level and ascended obliquely, passing anterior to
the aorta and thoracic lymphatic duct, before draining into the right
azygos vein at the T7 vertebral level (Figure 1). Its connection with
the retro-aortic hemiazygos vein formed a venous loop that enclosed
both the aorta and thoracic lymphatic duct (Figures 1, 2.2, and 2.3). A
smaller, inferior tributary to this interazygos vein was also identified
(Figure 2.1). This branch further divided into multiple smaller vessels
that appeared to drain the esophagus, diaphragm, and pericardium.
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Figure 1: Schematic diagram depicting the variant described in this case
report. The typical venous configuration of the azygos venous system
is included while highlighting the observed pre-aortic interazygos vein
(PACIAV) with a ventral course. As shown, the PACIAV ascends obliquely at
the levels of T9 to T7.

Figure 2.1: Anatomical dissection image of the pre-aortic interazygos vein
(PACIAV) identified in this present study. This is a centered, anterior view of
the thoracic cavity with the venous variant positioned ventral to the thoracic
aorta. TLD: Thoracic Lymphatic Duct. AHA: Accessory Hemiazygos Vein.
HA: Hemiazygos Vein.

The length and diameter of the pre-aortic interazygos vein were
measured using digital calipers and a flexible, medical tape measure.
All measurements were obtained by three independent observers.
Each observer measured the interazygos vein length and diameter
three times. All measurements were pooled, and a single average
value was calculated across all observers (Table 1).

The vein length was measured using a Medline medical tape
measure, which was sufficiently flexible to follow the curved surface
of the vein from its junction with the azygos vein, over the aorta,
to its junction with the hemiazygos vein. The tape measure had an
uncertainty of + 0.5 mm.

The vein diameter was measured using digital calipers positioned
perpendicular to the vein axis, at the midpoint of the vein which was
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Figure 2.2: Anatomical dissection image providing a left, anterior view of
the pre-aortic interazygos vein (PACIAV) identified in this present study.
This angle allows for visualization of the variant's anastomosis with the
hemiazygos vein (HA), forming the dorsal limb of the venous loop. AHA:
Accessory Hemiazygos Vein.

Figure 2.3: Anatomical dissection image providing a right, anterior view of
the pre-aortic interazygos vein (PACIAV) identified in this present study.
This angle allows for visualization of the venous loop enclosing the thoracic
lymphatic duct (TLD). AHA: Accessory Hemiazygos Vein. HA: Hemiazygos
Vein.

determined by the average length measurement. The digital calipers
had an uncertainty of + 0.02 mm.

Photographs were taken to document these findings using a
48-megapixel wide-angle camera system with high-resolution digital
imaging capabilities. Images were captured from multiple angles to
ensure clear visualization of the vein morphology and measurement
landmarks.

Historical Representation and Embryonic
Origin

The azygos venous system has been recognized since antiquity,
with Galen and other early physicians documenting longitudinal
veins along the posterior thoracic wall [1]. The major unpaired right-
sided vein gave rise to the term “azygos,” from the Greek equivalent
meaning “unpaired.” However, contemporary understanding is

Table 1: Morphometric characteristics of the pre-aortic circumflex interazygos
vein. Measurements were independently obtained by three observers, each
performing three repeated measurements of both length and diameter. A single
mean value was calculated and included in this table.

Parameter Measurement Reference Notes
Length 56.67 + 0.5 mm Dlsta_nce between azygos and hemiazygos
junctions.
Diameter 5.02 + 0.02 mm Measured at length midpoint of vessel.
vertebral T7toT9 Determined by anatomic landmarks.
Levels

that the system includes multiple left-sided components, such as
the hemiazygos and accessory hemiazygos veins, which perhaps
complicates the historical notion of a truly unpaired vessel. Though,
its unilateral contribution to the SVC is indisputable.

In terms of embryonic origin, the azygos system develops from
the supracardinal veins during the sixth to eighth weeks of gestation
[12]. The right supracardinal vein forms the azygos vein, while the
left supracardinal vein contributes to the hemiazygos and accessory
hemiazygos veins [13]. This variant likely arises from the persistence
of a transverse anastomosis between the right and left supracardinal
veins, which normally regress or remodel during the sixth to eighth
weeks of gestation [14,15]. While most such communications remain
posterior, the present case illustrates that ventral persistence is
possible, emphasizing the plasticity of thoracic venous development.

Further, it is important to highlight that the etiology of pre-
aortic azygos vein tributaries remains unclear. Preceding studies
have hypothesized a rare genotypic variation, although no definitive
genetic mechanism has been identified [16,17].

Discussion

The pre-aortic interazygos vein described in this report represents
an exceedingly rare anatomic variant of the thoracic venous system.
The typical azygos system is composed of the right-sided azygos vein
and the left-sided hemiazygos and accessory hemiazygos veins, which
generally course posterior to the thoracic aorta. While transverse
communications between the two sides have been described, most
of these connections are retro-aortic or posterior in orientation. The
presence of a vein crossing ventral to the descending thoracic aorta,
as observed in this cadaver, is unusual and has been documented
only rarely in the literature, with this case likely representing the 25th
reported instance [17] in the last century. The preceding 24 cases
presented with various anastomotic patterns, making the present case
the first of its pattern to ever be documented.

The true incidence of such variants is difficult to ascertain and
is likely underreported. Many cases have historically been identified
through whole-body cadaveric dissection. Modern imaging studies of
the thorax, such as CT or MRI, also have limitations, as thin-walled
venous structures may collapse or be overlooked.

Additionally, rare variations are not routinely sought out in
standard imaging or anatomical evaluations. As a result, although
these variants are described as rare, their actual prevalence may be
somewhat higher than reported, though they remain exceptional
findings. This under-reporting complicates both anatomical and
clinical understanding, as surgeons and radiologists may encounter
unexpected structures that are poorly represented in reference texts.

Hemodynamic Considerations

This pre-aortic circumflex interazygos vein also raises important
considerations regarding hemodynamics and potential vulnerability.
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In this position, the vein itself is subjected to compressive forces from
anterior thoracic organs that would normally act only on the aorta,
particularly when the body is supine. Unlike arteries, veins have
thinner walls with less smooth muscle and elastic tissue, making them
less capable of withstanding external pressure [18]. This structural
difference renders the vein more susceptible to compression,
which could theoretically impede venous return from the left side
of the thorax or necessitate diversion of blood through collateral
pathways. Additionally, the compression or engorgement of an
anteriorly coursing interazygos vein may mimic other mediastinal
pathologies on imaging, such as lymphadenopathy or masses,
potentially complicating radiologic interpretation [19,20]. Such
mechanical challenges may help explain the rarity of this variant, as
sustained compressive forces could limit the long-term prominence
or functional persistence of an anteriorly coursing interazygos vein.

Lymphatic Drainage Implications

The venous loop encircling the thoracic duct could have significant
implications for lymphatic drainage. By partially surrounding the
duct, the loop may create areas of mild compression or altered flow
dynamics, potentially slowing the transport of lymph from the lower
body and left thoracic structures. Such anatomic variations could
predispose the thoracic duct to temporary stasis, increasing the risk of
lymphatic congestion or dilatation upstream [21,22]. In procedures
involving the posterior mediastinum, the presence of this loop could
pose a higher risk of inadvertent injury to the thoracic duct [23].
Additionally, the loop might influence collateral lymphatic pathways,
as lymph may be redirected to smaller tributaries if ductal flow is
partially impeded [21,22].

On the other hand, it is possible that the presence of the aorta
within the loop helped protect the thoracic duct from significant
compression. The rigid structure of the aorta may have acted as a
barrier, maintaining a stable space for the duct and preventing it from
being fully constricted by the surrounding veins. This arrangement
could allow lymphatic flow to remain largely unimpeded despite the
unusual venous configuration.

Conclusion

The present case documents a unique pre-aortic interazygos
vein, representing the first venous variant of this pattern and
the 25th interazygos vein to be documented. Its anterior course
across the descending thoracic aorta highlights the variability of
azygos-hemiazygos connections and underscores the importance of
careful observation during cadaveric dissection.

While the true incidence is likely underreported due to limitations
in both dissection and imaging, this finding remains a noteworthy
contribution to anatomical knowledge. Recognition of this and
similar venous variants is important for anatomical education and
clinical practice, as they may be encountered during thoracic surgery,
retroperitoneal procedures, or mediastinal imaging. Awareness of
such anomalies may also help prevent inadvertent venous injury and
related complications.

Acknowledgements

We gratefully acknowledge the individual who donated her body
to science, whose generosity made this observation possible. Their
decision to contribute to medical education and research continues to
inspire and educate future physicians in understanding the intricacies
and variability of the human body. Appreciation is also extended to

Noorda College of Osteopathic Medicine for its ongoing support of
cadaveric anatomical study and to the Department of Anatomy for
approving the dissemination of these findings. The collaboration and
dedication of these contributors are essential to deepening anatomical
understanding and advancing the practice of medicine.

Conflicts of Interest
The authors declare no conflicts of interest.

References

1. Stolarczyk A, Wiodarczyk N, Zielinska N, Ruzik K, Triantafyllou G,
Piagkou M, Olewnik L. An In-Depth Review of the Azygos Vein and Its
Clinical Significance. Biomedicines. 2025;13(5):1013.

2. Bauer D, Pretterklieber ML, Pretterkliebe B. The caudal commencement
of the azygos and hemiazygos veins revisited: They are not a direct
continuation of the ascending lumbar veins. Ann Anat Anatomischer Anz.
2026;265:152793.

3. Dalley AF, Agur AMR, Moore KL. Moore’s Clinically Oriented Anatomy
(9th ed.). Lippincott Williams & Wilkins, a Wolters Kluwer business. 2023.

4. Sussmann AR, Ko JP. Understanding chest radiographic anatomy with
MDCT reformations. Clin Radiol. 2010;65(2):155-66.

5. de Oliveira Gomes M, Nobeschi L, Dias DV, Palma LF, Seiji da Silva F,
Espindula AP, et al. Analysis of the territorial pattern of the azygos venous
system and its variations in fixed cadavers. Translational Research in
Anatomy. 2020;21:100077.

6. Dalley AF, Agur AMR, Moore KL. Moore’s Clinically Oriented Anatomy
(9th ed.). Lippincott Williams & Wilkins, a Wolters Kluwer business. 2023.

7. Tubbs RS, Shoja MM, Loukas M. Bergman’s Comprehensive Encyclopedia
of Human Anatomic Variation. Bergman’s Comprehensive Encyclopedia
of Human Anatomic Variation. 2016;1-1432.

8. Hage R, Andrew K. Venous valves of the azygos arch: A cadaveric study.
Translational Res Anatomy. 2024;35:100296.

9. Tori G, Garusi GF. Angiocardiographic Demonstration of the Valves
of the Azygos Vein in Tricuspid Stenosis. Acta Radiologica. 1961;0s-
56(5):355-60.

10. Gruber W. Ueber die Valvulae der Vena azyga und ihrer Aeste. Arch Anat
und Physiol, 1866;692-706.

1

—

. Filizoglu N, Ozguven S, Ones T, Turoglu HT, Erdil TY. Azygos Vein
Enlargement Secondary to Superior Vena Cava Syndrome on 18 F-FDG
PET/CT. Clinical Nuclear Medicine. 2022.;7(11):e698-e699.

12.Li §J, Lee J, Hall J, Sutherland TR. The inferior vena cava: anatomical
variants and acquired pathologies. Insights Imaging. 2021;12(1):123.

13. Byung-Boong L. Venous embryology: The key to understanding anomalous
venous conditions. Phlebolymphology. 2012;19:170-81.

14. Moore KL, Persaud TVN, Torchia MG. The Developing Human: Clinically
Oriented Embryology (9th ed.). Saunders Elsevier. 2013.

1

w

. Hikspoors JPJM, Soffers JHM, Mekonen HK, Cornillie P, Kohler SE,
Lamers WH. Development of the human infrahepatic inferior caval and
azygos venous systems. ] Anatomy. 2015;226(2):113-25.

16. Morton WRM. Arhinencephaly and multiple developmental anomalies
occurring in a human full-term foetus. The Anatomical Record.
1947;98(1):45-58.

17. Sahai AN, D'Alesio LM, Dugaesescu AL, Bauman JM. The Interazygos
Vein: A Case Report and Review of Preaortic Hemiazygos Anastomoses.
Cureus. 2025;7(5):e83800.

18. Tucker WD, Arora Y, Mahajan K. Anatomy, Blood Vessels. StatPearls.
2023.

Remedy Publications LLC., | http://surgeryresearchjournal.com

2026 | Volume 9 | Article 1625


https://www.mdpi.com/2227-9059/13/5/1013
https://www.mdpi.com/2227-9059/13/5/1013
https://www.mdpi.com/2227-9059/13/5/1013
https://shop.lww.com/moore-s-clinically-oriented-anatomy/p/9781975209544?srsltid=AfmBOor2KhdoqfQShQSIRtuk17b9EUVObSw073KOulwA06RktLBwkUqZ
https://shop.lww.com/moore-s-clinically-oriented-anatomy/p/9781975209544?srsltid=AfmBOor2KhdoqfQShQSIRtuk17b9EUVObSw073KOulwA06RktLBwkUqZ
https://pubmed.ncbi.nlm.nih.gov/20103439/
https://pubmed.ncbi.nlm.nih.gov/20103439/
https://www.sciencedirect.com/science/article/pii/S2214854X20300169?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214854X20300169?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214854X20300169?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214854X20300169?via%3Dihub
https://shop.lww.com/moore-s-clinically-oriented-anatomy/p/9781975209544?srsltid=AfmBOor2KhdoqfQShQSIRtuk17b9EUVObSw073KOulwA06RktLBwkUqZ
https://shop.lww.com/moore-s-clinically-oriented-anatomy/p/9781975209544?srsltid=AfmBOor2KhdoqfQShQSIRtuk17b9EUVObSw073KOulwA06RktLBwkUqZ
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118430309
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118430309
https://onlinelibrary.wiley.com/doi/book/10.1002/9781118430309
https://www.sciencedirect.com/science/article/pii/S2214854X24000165?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214854X24000165?via%3Dihub
https://journals.sagepub.com/doi/abs/10.1177/028418516105600503
https://journals.sagepub.com/doi/abs/10.1177/028418516105600503
https://journals.sagepub.com/doi/abs/10.1177/028418516105600503
https://journals.lww.com/nuclearmed/abstract/2022/11000/azygos_vein_enlargement_secondary_to_superior_vena.31.aspx
https://journals.lww.com/nuclearmed/abstract/2022/11000/azygos_vein_enlargement_secondary_to_superior_vena.31.aspx
https://journals.lww.com/nuclearmed/abstract/2022/11000/azygos_vein_enlargement_secondary_to_superior_vena.31.aspx
https://pubmed.ncbi.nlm.nih.gov/34460015/
https://pubmed.ncbi.nlm.nih.gov/34460015/
https://koracademy.com/sites/default/files/inline-files/Embryology KLM.pdf
https://koracademy.com/sites/default/files/inline-files/Embryology KLM.pdf
https://onlinelibrary.wiley.com/doi/10.1111/joa.12266
https://onlinelibrary.wiley.com/doi/10.1111/joa.12266
https://onlinelibrary.wiley.com/doi/10.1111/joa.12266
https://onlinelibrary.wiley.com/doi/10.1002/ar.1090980107
https://onlinelibrary.wiley.com/doi/10.1002/ar.1090980107
https://onlinelibrary.wiley.com/doi/10.1002/ar.1090980107
https://pmc.ncbi.nlm.nih.gov/articles/PMC12145863/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12145863/
https://pmc.ncbi.nlm.nih.gov/articles/PMC12145863/
https://www.ncbi.nlm.nih.gov/books/NBK470401/
https://www.ncbi.nlm.nih.gov/books/NBK470401/

Marlena Muszynska, et al., World Journal of Surgery and Surgical Research - Biomedical Sciences

19. Nishie A, Barloon T, Schreiber A. Preaortic interazygous vein; mimicker of 22. Bojanapu S, Khan YS. Thoracic Duct Leak. StatPearls. 2023.

th, thologies. Clinical Imaging. 2009;33(2):144-5.
other patiiologies. Tmica maging @ 23. Pyrzowski J, Spodnik JH, Lewicka A, Poplawska A, Wojcik S. A case of

20. Smathers RL, Lee JKT, Heiken JP. Anomalous Preaortic Interazygous multiple abnormalities of the azygos venous system: a preaortic interazygos
Vein. ] Computer Assisted Tomography. 1983;7(4):732-3. vein. Folia Morphol. 2007;66(4):353-5.

21. Mathivet A, Bertrand M, Quere I, Gris JC, Ghelfi J, Frandon J.
Pathophysiology of Chylous Anasarca Caused by Lymphatic Occlusion:
A Case Report and Review of the Literature. ] Per Med. 2025;15(6):216.

Remedy Publications LLC., | http://surgeryresearchjournal.com 5 2026 | Volume 9 | Article 1625


https://www.clinicalimaging.org/article/S0899-7071(08)00317-3/abstract
https://www.clinicalimaging.org/article/S0899-7071(08)00317-3/abstract
https://journals.lww.com/jcat/citation/1983/08000/anomalous_preaortic_interazygous_vei n.33.aspx
https://journals.lww.com/jcat/citation/1983/08000/anomalous_preaortic_interazygous_vei n.33.aspx
https://www.mdpi.com/2075-4426/15/6/216
https://www.mdpi.com/2075-4426/15/6/216
https://www.mdpi.com/2075-4426/15/6/216
https://www.ncbi.nlm.nih.gov/books/NBK560549/
https://pubmed.ncbi.nlm.nih.gov/18058760/
https://pubmed.ncbi.nlm.nih.gov/18058760/
https://pubmed.ncbi.nlm.nih.gov/18058760/

	Title
	Abstract
	Introduction
	Case Presentation
	Historical Representation and Embryonic Origin
	Discussion
	Hemodynamic Considerations
	Lymphatic Drainage Implications
	Conclusion
	Acknowledgements
	Conflicts of Interest
	References
	Figure 1
	Figure 2.1
	Figure 2.2
	Figure 2.3
	Table 1

