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Abstract

endovascular repair of an azygous vein injury.

days and 2 years post-procedure.

injury, Endovascular trauma management

Background: Management of thoracic vascular injury predominantly focuses on the aorta and its tributaries while
reports of venous injury are less frequent. Although rare, traumatic azygous vein injuries are associated with high
mortality. Prompt treatment is required and has traditionally been open surgery. We present a case of an

Case presentation: A female patient presented to our trauma center following ejection after a motor vehicle
collision (MVQ). CT imaging workup revealed mediastinal and periaortic hematoma with active contrast
extravasation adjacent to the azygos vein. She was referred to interventional radiology for vascular evaluation and
potential endovascular intervention. The patient met criteria for class Il hypovolemic shock upon arrival in the
endovascular suite. Aortography demonstrated no arterial injury. Venography revealed a pseudoaneurysm on the
superior aspect of the azygos arch and contrast extravasation from the inferior margin of the azygous arch. A stent-
graft was deployed and post-deployment venogram showed no extravasation and successful exclusion of the
injuries. The patient did not have further signs of bleeding. She left the interventional suite with improved vital
signs, yet her condition remained guarded. Follow-up CT chest confirmed continued patency of the stent-graft at 8

Conclusion: Historically, azygos vein injuries are a rare occurrence and managed with open surgery. Swift
management is necessary to prevent the increased morbidity and mortality associated with azygous vein injury,
particularly in polytrauma patients such as the one presented here. We believe endovascular stent-graft treatment
offers an innovative alternative to the current standard of operative management of azygos vein injury.
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Background

Though once thought to be extremely rare, azygous vein
injuries have been found in more blunt thoracic trauma
patients than previously thought; over an 11-year period
at a single institution, seven cases of azygous system
venous injury were discovered..(Papadomanolakis et al.
2016) The patients in this report had 100% in-hospital
mortality. Of these injuries, only one case had a
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simultaneous arterial injury — left pulmonary artery la-
ceration (Papadomanolakis et al. 2016). It has been esti-
mated that 45% of thoracic venous injuries die prior to
hospital admission, which may be part of why these in-
juries are seen infrequently (Walsh and Snyder 1992).
However, the rate at which these injuries prove fatal,
and the additional mortality of open thoracic surgery,
underscores the potential benefit of increased use of
minimally invasive techniques.

Advances in trauma imaging have made it easier to de-
tect thoracic venous injuries despite limitations in thor-
acic venous opacification.(Holly and Steenburg 2011)
Direct signs of an azygous venous injury include

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.


http://crossmark.crossref.org/dialog/?doi=10.1186/s42155-021-00235-5&domain=pdf
http://orcid.org/0000-0003-2289-620X
http://creativecommons.org/licenses/by/4.0/
mailto:kdemaio@gmail.com

DeMaio et al. CVIR Endovascular (2021) 4:48

complete tear, rupture, active extravasation, hemothorax,
and pseudoaneurysm visualization. Symptoms associated
with traumatic venous injury are non-specific, making
imaging essential to diagnosis.(Wall et al. 2006)

Previously, surgical approaches were the only de-
scribed method of treatment despite having a 36% mor-
tality rate.(Wall et al. 2006) We present a case of a
successful entirely endovascular repair of a pseudoaneur-
ysm of the superior aspect of the azygous arch and rup-
ture of the inferior aspect of the arch.

Case presentation

A 28-year-old female presented to our level one trauma
center after being ejected 20 yards during an MVC. On
arrival she had a Glasgow Coma Score of 14 and was
complaining of inability to feel and move her lower ex-
tremities, and of back pain worse with movement. She
was transported from the trauma bay to the computed
tomography (CT) scanner for trauma imaging workup.
Her initial CT chest, abdomen, and pelvis with intraven-
ous contrast revealed multiple thoracic injuries including
a mediastinal and periaortic hematoma with several
areas of contrast blushing, the largest adjacent to the
azygos vein suggestive of venous hemorrhage (Fig. 1).
Additionally, a sternum fracture, multiple rib fractures,
complex T4 and T5 vertebral body fractures with osse-
ous fragment within spinal canal, and concurrent
perched facets at this level with multilevel spinous
process and transverse process fractures were found.
There were trace bilateral hemopneumothoraces and bi-
lateral pulmonary contusions.

Interventional radiology (IR) was then consulted to ad-
dress the mediastinal hemorrhage concerning for arterial
and/or venous injuries. In the interim the patient was
transferred to the trauma intensive care unit (TICU) and
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during this transfer she experienced bradycardia and loss
of respirations requiring one round of advanced care life
support (ACLS) that resulted in return of spontaneous
circulation after intubation. She was also hypotensive to
74/55 mmHg, requiring 5units of intravenous fluid
(IVF) and 3 units of packed red blood cells (pRBC).

Patient arrived in the interventional suite in in class III
hypovolemic shock. The right common femoral artery
was accessed in standard retrograde fashion. Thoracic
aortography was performed in orthogonal left anterior
oblique (LAO) and right anterior oblique (RAO) projec-
tions. This confirmed normal course and caliber of the
thoracic aorta, proximal great vessels, and internal mam-
mary arteries and no extravasation or arterial injury to
any of these structures.

After exclusion of a thoracic arterial injury, the right
common femoral vein was accessed in standard ante-
grade fashion. Superior venocavogram was performed in
the LAO and RAO orthogonal projections. Due to CT
findings suspicious for azygous vein injury, a 5Fr Cobra
catheter was introduced over an 035 Glidewire and ma-
nipulated across the azygous/superior vena cava (SVC)
junction into the distal azygous vein. With an 0.018" V-
18 wire in place, pullback azygous venogram was per-
formed in steep RAO and LAO projections confirming a
pseudoaneurysm at the superior aspect of the azygous
arch and extravasation from the inferior aspect of the
azygous arch (Fig. 2).

Based on these injuries, the decision to place a stent-
graft across this azygous arch segment was made. The
Cobra catheter was advanced back into the azygous vein
and the V18 microwire was removed for an exchange
length 0.035"” Rosen wire. The Cobra catheter and 5Fr
sheath were then removed and an 8Fr x 45 cm Pinnacle
Destination sheath was advanced over the Rosen wire

Fig. 1 Axial CT slice through the azygous venous arch showing active extravasation of contrast (arrow) from the inferior aspect of the arch
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Fig. 2 DSA in the LAO projection highlights pseudoaneurysm of the superior arch (green arrow) and extravasation from the inferior arch
(red arrow)
A\

Fig. 3 A Post procedural DSA confirms no extravasation after Viabahn stent graft placement. B CT (sagittal oblique view) performed on post-
procedure day eight, though suboptimally timed for venous evaluation, shows no evidence of hematoma, hemorrhage, or other

stent malfunction
. J
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and positioned in the mid superior vena cava. Over the
Rosen wire, an 8 mm x 5 cm Viabahn stent-graft was po-
sitioned across the azygous arch and deployed. Spot
fluorography of the chest was obtained, confirming good
stent-graft coverage of the areas of injury. Repeat azy-
gous venography with pullback was performed confirm-
ing good coverage of the injury sites, no further
extravasation, and good antegrade flow of contrast
through the azygous arch into the SVC (Fig. 3). The
catheter was then removed. The arterial and venous
sheaths were removed, and hemostasis was achieved
with manual pressure.

The patient tolerated all aspects of the procedure well
and there were no immediate complications. She left the
procedure suite in guarded condition. The patient had a
repeat episode of hypotension after she returned to the
TICU, at which time she was started on vasopressors.
She was slowly weaned off of all pressors by post-
procedure day 6. She underwent several other surgeries
and procedures with a variety of services including
neurosurgery, general surgery, pulmonology, and inser-
tion of an abdominal drain with IR. She had no compli-
cations related to the azygous stent placement which
was patent on follow-up CT chest performed on post-
procedure day eight. Unfortunately, she remained para-
plegic due to her severe spinal injuries.

Additional follow-up was obtained 2 years post-
procedure, at which time the stent continued to appear
intact and without evidence of endoleak or other mal-
function. Patient has had no further medical care or im-
aging within our system related to her azygous injuries.

Conclusions

Azygous vein injuries are often fatal, possibly because
they are often part of a massive, polytraumatic event.(Pa-
padomanolakis et al. 2016) There are conflicting reports
as to whether azygous injuries occur more often in pene-
trating(Wall et al. 2006) or blunt trauma.(Drac et al.
2007) However, rapid deceleration injury of the azygous
vein, as would be experienced in a motor vehicle colli-
sion such as the one the patient in this case suffered, oc-
curs due to a well-described combination of three
mechanisms: increased venous pressure from compres-
sion of the heart between the sternum and spine or
compression from the abdominal cavity; secondary in-
jury from fractures of adjacent vertebrae or ribs; and
shearing from sudden deceleration since the azygous
arch is relatively mobile compared to the heart.(Drac
et al. 2007; Haq et al. 2016) Critical clinical signs associ-
ated with possible azygous vein injury include shock on
arrival to ED, diminished right breath sounds, and he-
mothorax seen on chest radiograph.(Lyons and Har-
fouche 2017) Though there are only about 50 published
case reports of traumatic azygous vein injury, the 2016
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study by Haq et al. performed over an 11-year period
found 3.3% of the high-impact torso injuries and 5.0% of
the isolated thoracic and thoracic/abdominal traumatic
injuries had injuries of the azygous venous system. With
the increasing awareness of the azygous vein injury as a
cause of morbidity and possibly mortality in the acute
thoracic trauma patient, it is likely that these injuries will
be detected with increasing frequency.

Thus far only one paper has been published detailing
conservative management of an azygous vein injury,
(McDermott et al. 2012) while the remainder have
undergone open surgical management.(Papadomanolakis
et al. 2016) The single case report of successful conser-
vative management of an azygous vein rupture was
attempted due to the patient’s hemodynamic stability
and CT imaging that demonstrated a non-enlarging azy-
gous hematoma.(McDermott et al. 2012) Patients with
hemodynamic instability, high chest tube output, or an
enlarging mediastinal hematoma have all been described
as needing urgent surgical intervention, almost always a
median sternotomy.(Wall et al. 2006; Nguyen and Gates
2006) The endovascular approach used in this case was
successful and saved the patient the additional bodily
stress and prolonged healing of an open thoracic sur-
gery. Though she did have a protracted, complicated
hospital course none of those complications (such as the
development of a sacral decubitus ulcer requiring surgi-
cal debridement and wound vac placement) were related
to the endovascular azygous venous arch repair.

Endovascular techniques, such as described here,
should be considered when repairing intrathoracic ven-
ous injuries in appropriate cases, such as those in which
there would be no other indication for an open thoracic
surgery.

Abbreviations

ACLS: Advanced Care Life Support; CT: Computed Tomography;

IR: Inteventional Radiology; IVF: Intravenous Fluid; LAO: Left Anterior Oblique;
MVC: Motor Vehicle Accident; pRBC: Packed Red Blood Cells; RAO: Right
Anterior Oblique; SVC: Superior Vena Cava; TICU: Trauma Intensive Care Unit

Acknowledgements
Not applicable.

Informed consent
For this study informed consent is not required.

Authors’ contributions

W performed the procedure detailed in this case. KD performed literature
review, wrote, and edited manuscript. SK assisted with the literature review,
editing and formatting. W performed literature review and edited the
manuscript. All authors read and approved the final manuscript.

Funding
This study was not supported by any funding.

Availability of data and materials
Data sharing not applicable to this article as no datasets were generated or
analyzed during the current study.



DeMaio et al. CVIR Endovascular (2021) 4:48

Declarations

Ethics approval and consent to participate

This article does not contain any studies with human participants performed
by any of the authors and is exempt from Institutional Review Board IRB
review and approval.

Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images.

Competing interests
The authors declare that they have no conflict of interest.

Author details

1Department of Radiology, University of Tennessee Health Science Center,
Methodist University Hospital, 1265 Union Ave, 7 Thomas, Memphis, TN
38104, USA. “Rowan School of Osteopathic Medicine, 42 E Laurel Rd,
Stratford, NJ 08084, USA. Department of Cardiovascular and Interventional
Radiology, Inova Alexandria Hospital, 4320 Seminary Road, Alexandria, VA
22304, USA.

Received: 3 March 2021 Accepted: 24 May 2021
Published online: 07 June 2021

References

Drac P, Manak P, Klein J, Kral V (2007) Azygos vein injury in blunt chest trauma.
Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 151(2):347-348.
https://doi.org/10.5507/bp.2007.059

Haq AA, Restrepo CS, Lamus D, Ocazionez-Trujillo D, Vargas D (2016) Thoracic
venous injuries: an imaging and management overview. Emerg Radiol 23(3):
291-301. https://doi.org/10.1007/510140-016-1386-1

Holly BP, Steenburg SD (2011) Multidetector CT of blunt traumatic venous
injuries in the chest, abdomen, and pelvis. RadioGraphics 31(5):1415-1424.
https://doi.org/10.1148/rg.315105221

Lyons W, Harfouche M, Lopez J. Conservative management of a traumatic
common iliac venous pseudoaneurysm: a case report. J Surg Case Rep 2017;
2017(5). Doi: https://doi.org/10.1093/jscr/rjx085

McDermott C, O'Connor G, McGovern E, McMahon G (2012) Conservative
management of azygous vein rupture in blunt thoracic trauma. Case Rep Crit
Care. https://doi.org/10.1155/2012/147614

Nguyen L, Gates J (2006) Simultaneous Azygous vein and aortic injury from blunt
trauma: case report and review of the literature. J Trauma 61(2):444-446.
https://doi.org/10.1097/01.ta.0000229959.54552 be

Papadomanolakis A, Theodoridou E, Vogiatzis N, Pentheroudaki A, Daskalaki D,
Lolis ED (2016) Injury to azygos venous system: a co-existing injury in high-
impact lethal trauma. World J Surg 40(6):1355-1361. https.//doi.org/10.1007/
500268-016-3411-7

Wall M, Mattox K, DeBakey M (2006) Injuries to the Azygous venous system. J
Trauma 60(2):357-362. https://doi.org/10.1097/01.ta.0000202552.26628.84

Walsh A, Snyder HS (1992) Azygos vein laceration following a vertical
deceleration injury. J Emerg Med 10(1):35-37. https://doi.org/10.1016/0736-4
679(92)90008-H

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 5 of 5

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.5507/bp.2007.059
https://doi.org/10.1007/s10140-016-1386-1
https://doi.org/10.1148/rg.315105221
https://doi.org/10.1093/jscr/rjx085
https://doi.org/10.1155/2012/147614
https://doi.org/10.1097/01.ta.0000229959.54552.be
https://doi.org/10.1007/s00268-016-3411-7
https://doi.org/10.1007/s00268-016-3411-7
https://doi.org/10.1097/01.ta.0000202552.26628.84
https://doi.org/10.1016/0736-4679(92)90008-H
https://doi.org/10.1016/0736-4679(92)90008-H

	Abstract
	Background
	Case presentation
	Conclusion

	Background
	Case presentation
	Conclusions
	Abbreviations
	Acknowledgements
	Informed consent
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

