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Abstract

Anomalies of the Left Renal Vein (LRV) are often asymptomatic and found incidentally, but can have major ramifications on both
surgical and interventional procedures. We present the case of a 63-year-old male who was incidentally found to have a novel venous
anatomic variant, not previously described in the literature. His LRV drains into the azygos venous system up into the chest via the
hemiazygos vein, despite the presence of a normal, patent and uninterrupted right-sided Inferior Vena Cava (IVC), and with no com-
munication to the IVC. This configuration differs from known variants that lead to azygous venous drainage such as posterior
nutcracker syndrome of a retroaortic left renal vein or azygos continuation of the [IVC with congenital interruption. Venous anomalies
involving the LRV, including in this patient, may increase the risk of bleeding during retroperitoneal surgery or complicate endovas-
cular procedures involving the left renal, adrenal or gonadal veins. Recognition of variant venous anatomy is key for pre-procedural

planning to avoid unnecessary complications.
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Introduction

Anatomic variation of the Inferior Vena Cava (IVC) and renal
whether congenital or acquired, have significant
implications in both surgical and interventional procedures.
Anatomical variations in renal vessels are quite prevalent with
35% and 18% of the population carrying variations in arterial and
venous renal vessels, respectively.!> The Left Renal Vein (LRV)
normally courses anterior to the aorta to drain into the IVC. There
are several anatomic variations involving the LRV including
retroaortic LRV drainage and circumaortic LRV drainage.
Additionally, specific anomalies of the azygos system include
azygos vein agenesis, right-sided azygos lobe, and left-sided [IVC
draining into the LRV with an interrupted IVC and azygos
continuation.

These anatomic variations are typically asymptomatic and
discovered incidentally, but their recognition is important as they
can have important perioperative implications.>> For example,
unrecognized variant venous anatomy may increase the risk of
complications during surgical procedures or pose challenges

veins,
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during endovascular interventions. This manuscript describes a
novel anatomic variant, to our knowledge never previously
described in the literature, of a left renal vein that drains into the
azygos venous system via the hemiazygos vein, in the setting of a
normal and patent right-sided IVC that drains the right renal vein
into the IVC without congenital or acquired interruption.

Case Report

In this manuscript we describe the case of a 63-year-old male
who presented to the Emergency Department with abdominal pain
and clinical suspicion for colitis. Contrast-Enhanced Computed
Tomography (CECT) of the abdomen and pelvis was performed
which demonstrated no acute pathologic findings. This patient had
no prior cross-sectional imaging of the chest, abdomen or pelvis
available for comparison. Incidentally noted was variant venous
anatomy involving the LRV, which has not previously been
described in the literature. In this patient, the left renal vein drains
completely into the azygos venous system via the hemiazygos vein
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(Figure 1C) and is partially visualized traveling up the dilated
collateral venous network into the chest (Figure 2). Of note, the
patient’s left gonadal vein (Figure 1A) is non-dilated and drains
normally into the left renal vein. In addition, the patient has a
normal appearing, patent and uninterrupted right-sided IVC that
drains the right renal vein into the IVC and ultimately into the right
atrium (Figure 1A). Although there is no cross-sectional imaging
of the chest or venography available for further evaluation, a
frontal and lateral radiograph of the chest demonstrates a dilated
azygos vein (Figure 3).

(A) Coronal Contrast-Enhanced Computed Tomography
(CECT) of the abdomen with MIP reformats demonstrates a nor-
mal appearing, right-sided, patent and uninterrupted Inferior Vena
Cava (IVC) (arrow) as well as a non-dilated left gonadal vein with
normal drainage into the left renal vein (arrowhead). (1*) Coronal
3D Maximum Intensity Projection (MIP) subtracted reconstruc-
tion depicts the right renal vein draining into the uninterrupted
IVC (arrowhead), the left renal vein draining into the azygos
venous system (arrow), and the unremarkable abdominal aorta
(star). (C) Additional coronal CT with MIP reformat depicts the
drainage of the left renal vein (arrow) into the azygos venous sys-
tem (arrowhead).

Case Report

(A) Axial contrast-enhanced Computed Tomography
(CT) images of the upper abdomen and lower chest demonstrate a
dilated hemiazygos vein (arrowhead) and azygos vein (arrow). (B)
These veins join together into the chest (arrow).

J\
5

Frontal (A) and lateral (I?) radiographs of the chest
demonstrate a dilated azygos vein draining into the Superior Vena
Cava (SVC) (arrow).
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Case Report

Discussion

To understand the venous anomalies such as the one presented
in this case, it is important to review the embryological
development of the venous system. The development of the IVC,
renal veins, and azygos venous system is a complex process
involving the formation, regression, and anastomosis of three
paired embryonic veins: the posterior cardinal, subcardinal, and
supracardinal veins.®’

The IVC forms from segments of all three paired veins, with
the infrarenal IVC developing from the right supracardinal vein,
the renal segment developing from the right subcardinal vein and
subcardinal-supracardinal anastomosis, and the suprarenal
segment forming from the right vitelline and right subcardinal
veins.® The left renal vein normally forms from the left subcardinal
vein and intersubcardinal anastomosis.

The azygos venous system develops primarily from the right
supracardinal vein (forming the azygos vein) and the left
supracardinal vein (forming the hemiazygos vein). Anomalies in
the regression or persistence of embryonic venous segments can
lead to various venous malformations, classified as truncular
malformations according to the International Union of
Phlebology.’

The anomaly described in this case likely results from
persistence of the left supracardinal vein with anastomosis to the
left renal vein, coupled with regression of the normal subcardinal-
derived connection between the left renal vein and the IVC. This
developmental variation occurred while maintaining normal
development of the right-sided IVC, resulting in this unique
anatomic pattern.

This presentation of LRV drainage has not previously been
described in the literature. As previously mentioned, common LRV
variants include retroaortic or circumaortic left renal veins. LRV
drainage through the azygos venous system is seen in patients with
posterior nutcracker syndrome of a retroaortic left renal vein or
with an interrupted IVC and azygos continuation, but has not yet
been described in a patient with a patent right-sided IVC that
drains into the right atrium. This highlights the novelty of this
anatomic venous variant.

Venous anomalies like the one described in this case are
classified as truncular venous malformations according to the
Hamburg classification system, representing developmental errors
occurring in the later stages of embryonic vascular trunk formation
(Lee et al., 2015).7 Unlike extratruncular malformations, which
retain evolving characteristics, truncular malformations are fully
developed mature vessels with distinct hemodynamic impacts,
making their preoperative identification crucial.

Various anomalies involving the azygos venous system have
been reported in the literature. Chronic Cerebrospinal Venous
Insufficiency (CCSVI) has been described in patients with
multiple sclerosis, hypothesizing a relationship between impaired
venous drainage through the internal jugular and azygos veins and
MS pathophysiology.” Other documented anomalies include
azygos continuation of the IVC, azygos lobe of the lung, partial or
complete absence of the azygos vein, and variations in the number
and course of the hemiazygos and accessory hemiazygos veins.'%!!

Renal vein anomalies, though typically asymptomatic, can
occasionally present with flank pain, hematuria, varicocele in
males or pelvic congestion syndrome in females.!>? These
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anomalies can have significant clinical implications, particularly in
the context of surgical and interventional procedures, where
misdiagnosis or vascular injury may occur.

The most significant clinical implications of this particular
anomaly would be encountered during nephrectomy procedures,
either for tumor resection or donor nephrectomy for
transplantation. Knowledge of renal venous variations is critical
for the safe performance of left donor nephrectomy.!* Surgeons
encountering this variant would need to modify their approach to
identify, isolate, and secure the anomalous venous drainage
pathway. During donor nephrectomy, this anomaly would
necessitate careful planning to ensure adequate venous outflow
reconstruction in the recipient.'4!?

Aberrant renal venous anatomy is particularly worrisome with
retroperitoneal surgery, including radical nephrectomy or renal
transplantation, laparoscopic and robotic surgical approaches may
make identification of variant vascular anatomy more challenging
due to the smaller window for visualization intraoperatively. Pre-
procedural planning with cross-sectional imaging is crucial to
properly identify the anatomy prior to surgery and avoid
potentially life-threatening complications such as hemorrhage.
Detailed preoperative imaging has been emphasized in cases of
complex venous anatomy to avoid inadvertent injury during
surgery.'¢ Similarly, Mu highlighted the value of 3D reconstruction
in surgical planning for cases with venous anomalies.!”

One endovascular implication of aberrant left renal venous
drainage such as in our case includes IVC filter placement, as left
gonadal or left renal vein thromboemboli would not be protected
by a traditionally placed suprarenal IVC filter. In addition, the left
renal, adrenal and gonadal veins cannot be accessed through
normal pathways for procedures such as gonadal vein
embolization, retrograde transvenous obliteration of gastric varices
via a splenorenal shunt, or renal/adrenal venous sampling.
Attempting any of these endovascular procedures without prior
knowledge of the cross-sectional anatomy would not only be
difficult to perform intraoperatively, but also impossible to
complete successfully.

Furthermore, the presence of a dilated azygos vein can be
interpreted as a mediastinal mass on chest x-ray (Figure 3) and lead
to additional unnecessary cross-sectional imaging with ionizing
radiation. A dilated azygos vein can also complicate central venous
access procedures such as PICC line, medication port, or central
line placement as the catheter tip may unexpectedly land in the
dilated azygos vein as opposed to the distal superior vena cava.

With an increasing focus on perioperative planning with
imaging, variant vascular anomalies such as this can be identified
early prior to surgical or endovascular intervention and appropriate
surgical planning can be performed prior to intervention.

Conclusions

This manuscript describes a novel anatomic variant of the left
renal vein by which drainage is through the azygos venous system
via the hemiazygos vein, in the presence of a patent, uninterrupted
right-sided IVC. To our knowledge this anomalous venous
drainage of the LRV has not previously been described in the
literature, and may be more prevalent given its asymptomatic
nature and incidental discovery. As described, venous anomalies
such as this may have significant implications particularly in renal
surgery, including donor nephrectomy and tumor resection
procedures, where recognition of the variant anatomy is essential

for safe surgical outcomes.
OPEN 8 ACCESS



Case Report

cerebrospinal venous insufficiency in patients with multiple

References sclerosis. J Neurol Neurosurg Psychiatry 2009;80:392-9.

10. Celik HH, Sargon MF, Aldur MM, Cumhur M. An anomalous
course of the azygos vein. Surg Radiol Anat 1996;18:61-2.

11. Dudiak CM, Olson MC, Posniak HV. CT evaluation of
congenital and acquired abnormalities of the azygos system.
Radiographics 1991;11:233-46.

12. Sabouri S, Hosseini A, Shivaei SS. Retro-aortic inverted left
renal vein: a rare anomaly found in a renal donor. Iran J Radiol

1. Cruzat C, Olave E. Renal irrigation: multiplicity of arteries. Int
J Morphol 2013;3:911-4.

2. Arquez H. Variaciones anatomicas bilaterales de vasos renales
y testiculares. CES Med 2014;28:273-81.

3. Dilli A, Ayaz UY, Kaplanoglu H, et al. Evaluation of the left
renal vein variations and inferior vena cava variations by

means of helical computed tomography. Clin Imaging 2015:12:¢11374.
2013;37:5 30-5. ) ' _ 13. Balci D, Kirimker EO, Beyiz SC, et al. Preoperative evaluation

4. Gandhi SP, Modi P, Sutariya H, Patel K. Rare anatomical of venous anatomy for donor nephrectomy. Transplant Proc
variation of dual IVC with left sided IVC draining into 2019:51:2206-9.
hemiazygous vein-a case report. J Clin Diagn Res 2016;10:14- 14 Anjamrooz SH, Azari H, Abedinzadeh M. Abnormal patterns
5. of the renal veins. Anat Cell Biol 2012;45:57-61.

5. Hong PS, Cornett CA. Left-sided inferior vena cava in anterior 15. Ramirez-Galvan YA, Sotelo-Anaya GE, Illescas-Cérdenas J, et
lumbar spine surgery. Spine J 2015;15:1674-5. al. Surgical management of inverted anomalous venous return:

6. Mahadevan V. Anatomy of the venous drainage of the kidneys. a case of left-sided subrenal inferior vena cava with right renal
Surgery 2018;36:244-50. vein drainage into the left external iliac vein. Ann Vasc Surg

7. Lee BB, Baumgartner I, Berlien P, et al. Diagnosis and 2019;60:480.¢1-480.¢6.
treatment of venous malformations. Consensus document of 16. Raikos A, Paraskevas GK, Natsis K, et al. Renal vascular
the International Union of Phlebology (IUP): updated 2013. Int variants: a review of their embryological and clinical
Angiol 2015;34:97-149. significance. Morphologie 2022;106:39-47.

8. Kapur S, Paik E, Rezaei A, Vu DN. Where there is blood, there 17.Mu D, Yang W, Duan S, Yan W. Three-dimensional
is a way: unusual collateral vessels in superior and inferior visualization of abdominal vessels: value of preoperative
vena cava obstruction. Radiographics 2013;30:67-78. computed tomography in living-donor nephrectomy and

9. Zamboni P, Galeotti R, Menegatti E, et al. Chronic kidney transplantation. Diagnostics 2023;13:441.

Received: 23 March 2025; Accepted: 28 April 2025; Early view: 4 June 2025.

Contributions: all the authors made a substantive intellectual contribution. All the authors have read and approved the final version of the manuscript and
agreed to be held accountable for all aspects of the work.

Conflict of interest: the authors declare no potential conflict of interest.
Funding: none.

Ethics approval and consent to participate: not applicable.

Informed consent: not applicable.

Patient’s consent for publication: the patient gave his written consent to use his personal data for the publication of this case report and any accompanying
images.

Availability of data and materials: all data generated or analyzed during this study are included in this published article.

Publisher's note: all claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those
of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its manufacturer is not guaranteed
or endorsed by the publisher.

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License (CC BY-NC 4.0).

OPEN a ACCESS [Veins and Lymphatics 2025; 14:13842]



