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Abstract

Penetrating trauma of the aortic arch is relatively uncommon, even at busy trauma centers. Such an injury is challenging, especially in
a “crashing” patient in whom emergency surgery is undertaken. When this scenario is coupled with an aortic arch abnormality, it may
be infinitely more difficult to deal with, and the injury may prove non-salvageable. Bovine aortic arch abnormality occurs in
approximately 25% of patients in our setting, according to existing literature. Hence, penetrating injury of a bovine aortic arch would
be extremely rare. We present a patient who sustained a stab wound to a bovine arch, which proved non-salvageable because proximal
and distal vascular control could not be provided without rendering the brain anoxic. We provide an overview of the bovine arch
abnormality and a brief review of the management of aortic arch injuries.
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1. Introduction

Penetrating trauma of the thoracic aorta is infrequent, almost
always life-threatening, and carries a mortality rate as high as
92.3% [1]. Although endovascular techniques are increasingly
used, operative intervention is often undertaken. The surgical
principle of proximal and distal vascular control poses a
challenge during emergency surgery on the aortic arch, but there
are maneuvers that may be used to address this issue. However,
when an injury to a bovine aortic arch (BAA) anomaly (Figure 1)
occurs, it may be impossible to safely achieve proximal and distal
vascular control without occluding both common carotid arteries
and compromising cerebral perfusion. We present a patient who
sustained an un-survivable penetrating injury of the aortic arch
due to the presence of a BAA.

2. Case presentation

A 20-year-old male sustained an isolated zone 1 penetrating neck
injury just to the right of the midline. The patient was initially
taken to a local clinic by friends, where the wound was sutured
and two liters of intravenous crystalloid were infused. He was
referred by the clinic to our tertiary facility, arriving five hours
later. During transit, he was hemodynamically stable, with blood
pressure (BP) 123/58, heart rate (HR) 100, oxygen saturation
(SpO2) 99% on room air, and temperature 37°C.

In our Emergency Department, examination and initial manage-
ment followed standard Advanced Trauma Life Support®
principles. The patient’s airway was patent and self-maintained,

and lung fields were clear on auscultation. Heart rate ranged
between 90 and 105 beats per minute, with BP 117/50 on the left
arm and 100/58 on the right, giving a brachial-brachial index of
0.86. Both radial pulses were palpable and equal with 99% SpO-
on both hands. There was a three-centimeter supraclavicular stab
wound at the right sternoclavicular junction. A non-pulsatile,
non-expanding hematoma was beneath the wound, with no
audible bruit. Extended focused assessment with sonography
for trauma showed no evidence of hemothorax, pneumothorax,
or pericardial fluid. A venous blood gas test result included pH
7.33, Base Excess 1.5 mEq/L, lactate 3.5 mmol/L, and hemo-
globin 8.3 g/dL.

The patient went for an emergency computerized tomography
with angiography (CTA) (Figures 2 and 3). As the CTA was
nearing completion, the patient’s wound started bleeding
profusely. Attempts at Foley’s catheter balloon tamponade
failed to control the bleeding. External digital compression of
the wound was maintained and the patient was taken
immediately to the operating theater. There was no opportunity
to review the CTA. Rapid sequence induction, emergency
intubation, and resuscitation with permissive hypotension were
administered while preparing for an emergency median
sternotomy. Emergency thoracic surgery in our institution is
undertaken by General and Trauma Surgeons in the main
theater suites as we neither have hybrid theater capacity nor a
cardiothoracic surgery service, and hence no access to
cardiopulmonary bypass (CPB).

1 Department of Surgery, Ngwelezana Hospital, Empangeni, South Africa.

2 Department of Cardiothoracic Surgery, Gateway Private Hospital, Umhlanga, South Africa.

3 Department of Surgery, Nelson R Mandela School of Medicine, University of KwaZulu Natal, Durban, South Africa.
*email: george.oost@gmail.com; george.oosthuizen@kznhealth.gov.za

ACADEMIA MEDICINE 2023,1

10f5



https://www.academia.edu/journals/4/academia_medicine/about

https://doi.org/10.20935/AcadMed6107

After splitting the sternum and opening the mediastinum, hem-
orrhage was controlled with direct pressure using a gauze swab
while dissection was carried down to the point of bleeding,
which then was digitally controlled. It was found that the
patient had a congenital variation of the great vessels, a BAA.
There was a near-total transection of the origin of the “bovine
trunk” at the level of the aorta (Figure 4). Proximal and distal
vascular control is imperative when repairing such an injury. A
Satinsky clamp was applied to the aorta without occluding the
arch. While it was technically possible to apply vascular clamps
distally on the arch vessels to control back bleeding, this was

RCCA

A. Normal aortic arch

not a feasible option in this patient. Due to this anatomical
anomaly, obtaining distal vascular control would have meant
occluding both common carotid arteries and the right
subclavian artery. This would leave the brain with perfusion
only from the left vertebral artery arising from the left
subclavian artery. In this situation, the combination of the BAA
and the location and severity of the injury rendered it a non-
survivable scenario. The decision was therefore made to
abandon the procedure, and the patient died on the operating
table.

LCCA
RCCA

B. Bovine aortic arch anomaly

Figure 1 ¢ (A) Normal aortic arch compared with (B) bovine arch abnormality. BCT—brachiocephalic trunk; RCCA—right common

carotid artery; LCCA—left common carotid artery.
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Figure 2 ¢ CT angiogram—coronal view. Pseudoaneurysm arising from the common “bovine trunk.”
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Figure 4 « Bovine arch injury—operative view. Satinsky clamp on aortic arch, proximal and distal vascular control not physiologically

feasible.

3. Discussion

The aortic arch and its branches are responsible for blood supply
to the head, neck, and upper limbs. The typical pattern consists
of three main branches—from right to left, these are the
brachiocephalic trunk which gives rise to the right subclavian
artery and right common carotid artery, the left common carotid
artery, and the left subclavian artery. There are a number of
congenital variations in aortic arch branching patterns—one
being the BAA. In this variation, the aortic arch has only two
branches: a common trunk giving rise to both the brachiocephalic
trunk and left common carotid artery, with the left subclavian

artery arising as the second branch (Figure 1). The BAA is the
most common aortic arch variant within African and South
American populations, with a prevalence of 26.8% and 24.2%,
respectively, and is more prevalent than previously assumed [2].
Although generally asymptomatic, the BAA is known to pose a
high risk for vascular complications such as cerebrovascular
events and other problems after endovascular procedures [3].
There is limited literature available that relates specifically to the
risks of BAA injuries in trauma; however, existing literature on
aortic arch injuries describes varied mechanisms of injury,
management strategies, and outcomes.
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An autopsy study conducted in Greece showed the overall
prevalence of thoracic aortic injuries was relatively low and a blunt
mechanism was the predominant cause of injury [4]. These
authors found that traumatic aortic injury was responsible for
12.7% of all injury-related fatalities and penetrating trauma was
responsible for only 13.6% of those deaths. They also reported that
the aortic arch and the ascending aorta were the most common
sites of thoracic aortic injury following penetrating wounds, while
the isthmus was most commonly involved in blunt injuries [4].

Other studies describe the successful management of thoracic
aortic arch injuries. One such example describes a patient who
sustained a through and through injury to the thoracic aorta by an
airgun which was successfully repaired with the aid of deep hypo-
thermic circulatory arrest (DHCA) as well as retrograde cerebral
perfusion achieved with CPB. The advantages of DHCA and CPB
include rapid aortic exposure, allowing for protection of cerebral
perfusion [5]. The patient in our case report was potentially sal-
vageable if CPB and DHCA had been available, but there would be a
high risk of cerebrovascular brain damage. Unfortunately, our
patient could not be transferred to a unit with these facilities because
of his acute decompensation and need for emergency surgery.

In a case report by Ariaka et al., a patient presented with a
ballpoint pen impaled in the neck with an aortic arch injury. The
pen had a tamponading effect and allowed for isolation of the
injury using a side-biting Satinsky clamp with subsequent
primary repair [6]. In the current case report, it was not a
problem applying a Satinsky clamp to the aortic arch for proximal
control, but this was not physiologically feasible.

The mainstay of treatment for aortic arch injuries following
penetrating trauma has traditionally been operative, but on rare
occasions, these injuries have been managed conservatively.
Conservative management is dependent on the site and severity
of the injury and the hemodynamic status of the patient and
demands a setting in which patients can be appropriately
monitored and surveyed both during admission and at subse-
quent follow-ups after discharge [7].

This current case report highlights the potential challenges
represented by anatomical variations of the aortic arch in a
decompensating (“crashing”) trauma patient in whom preopera-
tive CTA could not be reviewed and the anomaly only discovered
at the time of surgical intervention. A practical takeaway from
this case is that basic maneuvers such as Foley catheter balloon
tamponade [8], digital compression, and permissive hypotension
[9] can be used as a bridge to definitive intervention when faced
with active bleeding.

Cordova et al. [10] describes graft repair of a traumatic innom-
inate artery pseudoaneurysm in the setting of a bovine arch, but
this injury was situated above the bifurcation of the bovine trunk
and therefore cross-clamping was feasible. The emphasis in the
current case report is that no form of cross-clamping was feasible
without inducing immediate global brain ischemia. The injury of
the bovine trunk was at its take-off from the aortic arch, and the
transection was near-total. Hence, with no landing zone for a
stent proximally, endovascular management would not have
been feasible in this case either. Volpe et al. describe successful
stenting of the innominate artery in the setting of a bovine arch
but again the innominate artery distal to the bifurcation of the
bovine trunk was involved, not the bovine trunk itself [11].

Gott et al. described a heparin-bonded shunt for off-pump use in
excluding part of the aortic arch [12], and since then there have
been a number of reports on the successful use of this technique
and modifications thereof in treatment of aortic arch injuries [13].
A modification of this shunt described by Gelsomino et al., which
has the ability to provide cerebral perfusion, may have offered a
chance of survival to our patient, had it been available [14].

Although some aortic arch injuries may be survivable, overall
mortality rate remains high. BAA anomalies are found in only a
portion of the population—with injuries to such arches being
extremely rare. Due to the associated implications of such a
unique injury, BAA injuries, particularly those involving the
bovine trunk, can be expected to be uniformly fatal in acutely
decompensating patients who cannot undergo preoperative
imaging and who are treated at units without the availability of a
modified Gott shunt and without the capacity to perform DHCA
and CPB.

Funding

The author(s) declare no financial support for the research,
authorship, or publication of this article.

Author contributions

The author(s) declare that all author(s) contributed equally,
approve of this work, and take full responsibility.

Conflict of interest

The author(s) declare no conflict of interest.

Data availability statement

Data supporting these findings are available within the article, at
https://doi.org/10.20935/AcadMed6107, or upon request.

Institutional review board statement

Ethics approval was granted by the Biomedical Research Ethics
Committee of the University of KwaZulu-Natal, reference
number BCA027/19.

Informed consent statement
Not applicable.

Sample availability

The author(s) declare no physical samples were used in the study.

Additional information
Received: 2023-04-06
Accepted: 2023-05-31

Published: 2023-07-20

ACADEMIA MEDICINE 2023,1

4o0f5



https://www.academia.edu/journals/4/academia_medicine/about

https://doi.org/10.20935/AcadMed6107

Academia Medicine papers should be cited as Academia Medicine
2023, ISSN pending, https://doi.org/10.20935/AcadMed6107.
The journal’s official abbreviation is Acad. Med.

Publisher’s note

Academia.edu stays neutral with regard to jurisdictional claims
in published maps and institutional affiliations. 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.

Copyright

© 2023 copyright by the authors. This article is an open access
article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://
creativecommons.org/licenses/by/4.0/).

References

1. Demetriades D, et al. Mortality and prognostic factors in
penetrating injuries of the aorta. J Trauma. 1996;40(5):
761-3. doi: 10.1097/00005373-199605000-00013.

2. Popieluszko P, et al. A systematic review and meta-analysis
of variations in branching patterns of the adult aortic arch.
J Vasc Surg. 2018;68(1):298-306.e10. doi: 10.1016/
J-jvs.2017.06.097.

3. Shaban M, et al. Bovine aortic arch, a high-risk variant.
Cureus. 2022;14(5):e25456. doi: 10.7759/cureus.25456.

4. Dosios TJ, Salemis N, Angouras D, Nonas E. Blunt and
penetrating trauma of the thoracic aorta and aortic arch
branches: An autopsy study. J Trauma. 2000;49(4):
696—703. doi: 10.1097/00005373-200010000-00018.

5. Samanidis G, Dimitriou S, Sakorafas A, Khoury M. Repair of
a penetrating aortic arch injury using deep hypothermic
circulatory arrest and retrograde cerebral perfusion. Interact
Cardiovasc Thorac Surg. 2012;14(3):356—8. doi: 10.1093/
icvts/ivrio1.

10.

11.

12,

13.

14.

. Ariaka H, et al. An unusual occurrence of penetrating aortic

arch injury by a ball-point pen: A case report and review of
the literature. J Cardiothorac Surg. 2022;17, 312 doi:
10.1186/s13019-022-02057-5

. Mohammed RK, Cheung S, Parikh SP, Asgaria K.

Conservative management of aortic arch injury following
penetrating trauma. Ann R Coll Surg Engl. 2015;97(3):
184—7. doi: 10.1308/003588414X13946184903243.

. Sceriba M, McPherson D, Edu S, Nicol A, Navsaria P. An

update on Foley catheter balloon tamponade for penetrating
neck injuries. World J Surg. 2020;44(8):2647-55. doi:
10.1007/500268-020-05497-Z.

. Tran A, Yates J, Lau A, Lampron J, Matar M. Permissive

hypotension versus conventional resuscitation strategies in
adult trauma patients with hemorrhagic shock: A systematic
review and meta-analysis of randomized controlled trials.
J Trauma Acute Care Surg. 2018;84(5):802-8. doi: 10.1097/
TA.0000000000001816.

Cordova AC, Bowen FW, Price LA, Dudrick SJ, Sumpio BE.
Traumatic innominate artery pseudoaneurysm in the setting
of a bovine arch. Ann Vasc Dis. 2011;4(3):252—5. doi:
10.3400/avd.cr.11.00028.

Volpe P, De Caridi G, Serra R, Alberti A, Massara M.
Successfully kissing stent of innominate artery and left
common carotid artery subsequent to blunt injury, in the
setting of a bovine aortic arch. Ann Vasc Surg. 2020 Apr;
64:410.e7—e10. doi: 10.1016/j.avsg.2019.10.047.

Gott VL, Whiffen JD, Dutton RC. Heparin bonding on
colloidal graphite surfaces. Science. 1963 Dec 6;142(3597):
1297-8. doi: 10.1126/science.142.3597.1297.

DeMeester TR, Cameron JL, Gott VL. Repair of a through-
and-through gunshot wound of the aortic arch using a
heparinized shunt. Ann Thorac Surg. 1973 Aug;16(2):193—8.
doi: 10.1016/s0003-4975(10)65836-5.

Gelsomino S, et al. Modified Gott shunt to avoid left
ventricular overload and cerebral hypoperfusion during
distal aortic arch surgery. J Vasc Surg Cases Innov Tech.
2019 Mar 11;5(1):65—7. doi: 10.1016/j.jvscit.2018.11.005.

ACADEMIA MEDICINE 2023,1

50f5



