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Introduction and epidemiology

The first description of an aortic injury is attributed to 
Andreas Vessallius in 1557, being a blunt aortic injury in a 
victim of an equine event (1). De Bakey’s group reported the 
first acute repair of an aortic rupture four centuries later (2). 
Historically, a penetrating wound to the chest, particularly 
the mediastinum, amounted frequently to certain death. 
Thankfully, protocols and management strategies have 
evolved over time to the current surgical approaches when 
faced with a patient with a potential mediastinal vascular 
injury, who has survived long enough to arrive alive at the 
emergency department or trauma bay.

The overall incidence of vascular injuries of the 
mediastinum remains unclear as the literature traditionally 
describes chest trauma either in its entirety; or divides it by 
mechanism of injury; or by specific vascular structures, and 
frequently mortuary reported incidence is excluded. Mattox 
reported about an 18% incidence in their series from 1989 
and Pate reported on 93 cases in their review of penetrating 
injury from 1993, with a 70% survival after repair (3,4). A 
more recent publication examining blunt vascular injury 
from the authors’ unit showed an overall incidence of blunt 
vascular injury of around 6% in total and of this total 32% 
were thoracic, mainly in the form of aortic injury (5). 
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The mediastinum should be actively assessed with a 
high degree of suspicion for a mediastinal vascular injury, 
based on mechanism, especially in high energy transfers, 
and anatomical location or trajectory of the injury, as in 
gunshot, stab wounds and impalements. Rather “Rule in” 
than “Rule out”.

 The assessment and management of these patients 
has substantially advanced over the past two decades with 
improvements in diagnosis with multi-detector computer 
tomographic angiography (CTA), frequently protocol 
based, as well as the undeniable role for a minimally invasive 
operative strategy as a first line tool in patient care and the 
recent developments in endovascular therapy.

Anatomy

The mediastinum extends from the thoracic inlet to 
the diaphragm vertically and is divided into two main 
compartments, superior and inferior. The latter is then 
divided into anterior, middle and posterior and their 
contents are usually described within these subdivisions (6) 
(Table 1). The focus of this manuscript is on the superior 
and posterior mediastinum.

The mediastinal great vessels are relatively protected 
from both penetrating and blunt trauma due to the 
surrounding bony ribcage, clavicles and scapulae, along 
with the spine, however this does not prevent serious 
injury that may be rapidly fatal if not suitably addressed. 
The aorta and pulmonary outflow and inflow vessels 
constitute the most proximal aspect of these vessels with 
origin at the cardiac ventricles and atria respectively. The 
superior vena cava (SVC) is formed by the confluence 
of the two brachiocephalic veins (BCV) and this usually 
lies just anterior to the aortic arch and the confluence 
is mostly somewhat to the right of the midline. The 
Azygous vein enters the SVC from posterior near the 
right atrium on the right. The hemi-azygous vein forms 
on the left and anastomoses with the Azygous vein across 

the spinal column. The inferior vena cava (IVC) ascends 
via the diaphragm to the right of the midline, ending in 
a “T-junction” confluence with the SVC flowing into the 
right atrium. After blood flows through the right atrium 
and ventricle the pulmonary artery and its trunks dividing 
left and right curl around the inferior and posterior aspect 
of the aortic arch to supply the deoxygenated blood to 
the lungs, returning from the lungs as the lower-pressure 
pulmonary veins ending in the left atrium. Blood flows 
through the left atrium and ventricle and exits via the aortic 
arch into the three (sometimes two) major branches, the 
brachiocephalic artery (previously called “innominate”), 
the left common carotid and the somewhat more left 
posterolateral left subclavian. The former two vessels may 
have a common origin, sometimes called the “bovine” 
trunk, with an incidence reported in the population to 
be around 25–30% (7). Other variants include an absent 
brachiocephalic trunk with the right common carotid and 
subclavian arteries branching directly from aortic arch.

Diagnostic approaches

The approach to suspected vascular injury of the mediastinal 
great vessels will depend on mechanism of injury (blunt 
versus penetrating) and hemodynamic status. In the case of 
penetrating injury there is always the added benefit of the 
entry or exit wounds that guide the probable tract location, 
while with blunt injury there must be an even higher level 
of suspicion, especially in case of high-energy acceleration-
deceleration type injury.

For penetrating injury, it is important to include the 
junctional zone of the cervico-mediastinal region since 
Zone 1 neck penetrating injuries can easily affect the intra-
thoracic vasculature (8). The potential for an associated 
aerodigestive injury must always be considered. In patients 
with active uncontrolled hemorrhage, it is necessary to 
proceed directly to operative intervention, while with 
patients with potential injury and either “soft” or “hard” 

Table 1 Anatomical structures in the superior and posterior mediastinum

Compartment Organs Arteries Veins Lymphatics Nerves

Superior Thymus,  
Trachea,  
Esophagus

Aortic arch, Brachiocephalic 
trunk, left common Carotid 
artery, left Subclavian artery

Superior vena cava,  
Brachiocephalic veins,  
arch of the Azygos

Thoracic duct Vagus bilateral, recurrent 
laryngeal, cardiac, bilateral 
phrenic nerves

Posterior Esophagus Descending thoracic aorta Azygos and hemiazygos  
veins 

Thoracic duct Vagus, splanchnic,  
sympathetic chain
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signs, with apparent controlled bleeding or stability, one 
would ensure hemodynamic normality and proceed to 
imaging. For actively bleeding patients attempts at digital 
or Foley catheter control should be attempted initially (9).

Options for imaging include extended Focused 
Assessment with Sonar in Trauma (eFAST) to exclude 
hemothorax, pneumothorax or cardiac tamponade, or 
abdominal injury, performed in the resuscitation bay, 
followed by CTA and either contrast swallow or endoscopy 

to evaluate the esophagus, trachea and main bronchi, 
especially if surgical emphysema is noted on the CTA 
(10,11). Another alternative is formal catheter directed 
angiography (CDA) if retained foreign bodies will increase 
the “scatter” and prevent adequate diagnostic certainty, 
commonly the case with retained bullets knife-blades as 
demonstrated in Figure 1A,B,C,D. CTA is demonstrated in 
Figure 2 for a case of trans-mediastinal injury.

The potential injuries include vascular occlusions from 

A C D

B

Figure 1 Retained mediastinal knife blade on chest film. (A,B) Catheter directed angiogram, (C) iso-oncotic contrast swallow to exclude 
major injury, (D) chest film showing presenting pathology. The knife was subsequently removed in the operation room, under local 
anesthesia.

A B C

Figure 2 Various CTA Axial images: Bullet trans-axial excluding major vessel injury. CTA, computer tomographic angiography.
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intimal flaps, pseudoaneurysms and arterio-venous fistulae. 
Active bleeding would result from uncontained arterial 
and major venous lacerations and transections. Trans-axial 
penetrating injuries have a slightly different approach (see 

Figure 3A,B for an approach to these patients). Figure 3C 
shows a typical chest X-ray picture of massive right 
haemothorax as a presenting sign in a case of a chest 
gunshot wound.

Penetrating cervico-mediastinal wounds - Approach

Wound in base of neck or 1st/2nd/3rd 
Intercostal space anterior

Bleeding 
controlled and 

Hemodynamically 
normal

Resuscitation and 
bleeding control

CT-Angiogram (and liberal use of 
contrast swallow)

Planned 
Open Surgery

Endovascular 
Surgery

Non-
operative

Active bleed and 
Hemodynamically 

abnormal

Direct to operation room Consider 
Foley Catheter, No tamponade on eFAST

Distal control and repair via 
extended incisions

Transmediastinal Transaxial Injury Approach

Transmediastinal transaxial injury

Stable after 
Primary Survey 
resuscitation?

No Yes

Bilateral Chest tubes and 
Exclude tamponade on 

eFAST

Thoracotomy - Clamshell

Repairs as required

Management as per CTA and 
swallow findings

Chest tubes if needed
CTA and Contrast Swallow

Bilateral Chest tubes and 
Exclude tamponade on eFAST

A

B

C

Figure 3 (A) Approach to Mediastinal penetrating trauma management. (B) Approach to Trans-axial penetrating wound management. (C) 
Gunshot wound to chest with massive hemothorax on chest film.
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Blunt injury, on the other hand, may cause occult injury 
and the role of imaging is far more pertinent. On the basic 
trauma chest-film a widened mediastinum is the main 
clinical clue (see Figure 4A and 4B showing a widened 
mediastinum), suggestive of hematoma in the mediastinum 
and should prompt further imaging. 

Pleural capping may suggest aortic or cervical main 
branch injury. An ipsilateral major hemothorax or 
esophageal/tracheal displacement further raises concern 
for a mediastinal vascular injury. Again, the determinant of 
action is the clinical picture. 

If there is a massive hemothorax then urgent ipsilateral 
anterior thoracotomy is preferred over imaging. For 
most injuries, however, the cause of any hemodynamic 
abnormality would be in another cavity, so an eFAST should 

be performed if the skill exists to direct the surgeon to the 
correct body cavity, most-often the abdomen. 

In most cases, however, the patient is hemodynamically 
almost normal, or responds to the basic fluid resuscitation 
regimen, thus a high index of suspicion is on the basis 
of either the mechanism of injury or chest-film findings. 
Since the likelihood of metal foreign body related scatter 
is small with blunt trauma, proceeding to CTA is the 
investigation of choice, considering that associated digestive 
injury is extremely rare and major airway injury is usually 
clinically apparent. The common injuries to exclude are 
blunt aortic rupture, carotid or subclavian intimal injury 
and pseudoaneurysm, or major venous injury (uncommon)  
(11-13). Traumatic arterio-venous fistula and pulmonary 
vessel injuries are exceedingly rare (see Figure 5 for an 

A B

Figure 4 Chest X-ray films demonstrating wide mediastinum in two different patients.

Diagnostic Approach – Blunt Mediastinal Vascular Injury

Severe blunt injury mechanism with either thoracic cage 
injury or signs of  cervical or upper limb vascular injury

Trauma 
Assessment

Secure 
Airway and 

provide 
ventilator 

assistance

Hemodynamical 
Normality

Consider 
Thoracotomy

Hemodynamically 
Abnormal – 

Massive 
Hemothorax and 
Normal eFAST

Planned 
Open Surgery

CT Contrast 
Angiogram

Non-
operative

Endovascular 
intervention

Figure 5 Approach to blunt mediastinal injury.
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approach to these patients).

Aortic injury 

Blunt thoracic aortic injury (BTAI)

Thoracic aortic injuries are life-threatening surgical 
emergencies. Blunt and penetrating thoracic aortic injuries 
differ in incidence from country to country however, 
motor vehicle collisions account for the majority of blunt 
injuries. Only 10–20% of patients with BTAI present alive 
at hospital and the spectrum can be from asymptomatic, to 
dramatically shocked due to an isolated, contained aortic 
rupture or, polytraumatised with multiple injuries causing 
haemorrhagic shock. BTAIs are the second most common 
cause of early trauma-related deaths following traumatic 
brain injuries and this accounts for approximately 1.5% of 
all thoracic trauma (14). The incidence also increases with 

age and it is rare in pediatric trauma.
The most common anatomic site of injury or tear in 

BTAI occurs at the aortic isthmus, on the medial luminal 
aspect of the descending thoracic aorta, distal to the origin 
of the left subclavian artery (See Figure 6). This is where 
the relatively mobile aortic arch transitions to the relatively 
fixed descending aorta (14). Essentially the injury can occur 
anywhere from the ascending aorta to the bifurcation to the 
common iliac arteries. Many theories are espoused as to the 
mechanism of injury at this point (15,16). These include: 
aortic stretch, intravascular pressure, Water-hammer effect 
and osseous pinch (Figure 7). 

The multivariate approach of a combination of shearing, 
torsion and stretching with additional hydrostatic forces 
occurring during sudden deceleration is the most likely 
manner in which this injury occurs. In addition, tensile 
strength is weakest at the aortic isthmus resulting in tears 

Figure 6 (A) Coronal, (B) Sagittal and (C) 3D reconstruction CTA images demonstrating a typical Grade 3 BTAI. CTA, computer 
tomographic angiography; BTAI, blunt thoracic aortic injury.

HPL
A

B

C
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of various depths through the layers of the aortic wall, 
commonly at this point (14). Aortic injuries are graded 
in terms of the layers of the wall involved coupled with 
luminal compromise or disruption (Table 2), and the grades 
lend themselves to guiding management, ranging from 
conservative in Grade 1 to surgery/endovascular for Grades 
2 to 4 (if Grade 4 arrives alive at hospital) (17). 

Grade 2 appears to be a “grey” zone however, as more 
patients are now safely being managed by medical treatment 
alone compared to the previous traditional operative route 
for both Grades 2 and 3. The mural compromise from 
intimal tear, to blood filling the dissection plane between 

intima and media, then compromising and weakening 
the adventitia to pseudoaneurysm formation and/ or free 
rupture, is dependent on expeditious initiation of medical 
therapies to control blood pressure, for control of cardiac 
afterload, judicious intravenous fluid administration, 
treatment of coagulopathy if present, and blood and 
component therapy. Timing of this evolution may occur 
over a variable period and is dependent on strict adherence 
to the aforementioned management principles.

The mechanism of injury on history from the patient 
or from the prehospital transfer team, and the presenting 
clinical features, as subtle as chest wall bruising, should alert 
the clinician to the possibility of a thoracic vascular injury. 
The most common cause of BTAI is rapid deceleration 
which occurs during motor vehicle collisions, resulting in 
multi-directional vector forces causing the evolution of the 
injury, followed by falls from height (14). 

Maintaining an astute sense of suspicion is critical. Initial 
assessment and management in the trauma bay follow 
the stepwise approach of dealing with immediately life-
threatening injuries first as per the Advanced Trauma Life 
Support (ATLS) program (14,18). If haemodynamically 
unstable from other life-threatening injuries, the patient 
should be transferred to the operation room, for operative 
control of ongoing bleeding and or contamination, and 
imaging must be deferred. Bedside chest radiography may 
not be objective in diagnosing a mediastinal vascular injury 
when the patient is supine, as is frequently the case in the 
polytraumatized patient. In a seated or semi-recumbent 
position, the chest radiograph may reveal the typical features 
of a mediastinal vascular injury (widened mediastinum, apical 
capping, right tracheal/bronchial deviation etc.) (14,16,19). 
Once the patient is more stable, protocol driven CTA 
should be performed. It is theorised that more BTAI are 
diagnosed in the past 5 to 10 years due on such protocols, 
with the increasing availability of CTA, and technological 
advancements in image quality, which may have previously 

Figure 7 Illustration of the theoretical concepts of the 
pathophysiology of BTAI. Solid arrow: shear-force around 
ligamentum arteriosum (acceleration/deceleration); double-headed 
arrow, water hammer effect; circular arrows, rotational effect. 
BTAI, blunt thoracic aortic injury.

Table 2 Grading based management of BTAI 

MDCTA-guided grading of thoracic aortic injury Description of injury Management principles

I Intimal tear Conservative 

II Intramural haematoma Medical therapy/surgical repair early or delayed

III Pseudoaneurysm Surgical repair: TEVAR or open repair, early or delayed

IV Rupture Open emergency repair

BTAI, blunt thoracic aortic injury; Medical therapy, monitoring in high care or intensive care setting, analgo-sedation, intravenous  
anti-hypertensive treatment, weight-adjusted prophylactic anticoagulation. TEVAR, thoracic endovascular aortic repair.
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missed grade 1 BTAI, and the increased urgency to actively 
exclude BTAI when clinically appropriate.

The American Association for the Surgery of Trauma 
(AAST) grades thoracic vascular injuries on its Organ Injury 
Scoring scale as I to VI, with grade IV for descending 
thoracic aorta, Grade V the ascending thoracic aorta and 
arch, and grade VI being an uncontained total transection 
of the thoracic aorta which is frequently a post-mortem 
discovery. Importantly, if there are multiple grade III or 
IV injuries which are more than 50% of the circumference 
then these are upgraded by one, and if a grade IV injury 
is less than 25% of the circumference, it is downgraded  
similarly (20). CTA may reveal aortic dissection alone which 
may be classified according to its anatomic location using the 
De Bakey or Stanford classifications, as for non-traumatic 
aortic dissection. Management principles are the same.

Transesophageal echocardiography, albeit operator 
dependent and dependent on equipment availability, is 
another diagnostic tool that can be used in the trauma 
resuscitation bay or in the operation room while other 
causes of haemorrhagic shock are being addressed.

The Abbreviated Injury Score (AIS) attributes a value of 
4 to Grades 1 and 2 of BTAI, and a 5 to grades 3 and 4. This 
translates to Injury Severity Scores of 16 and 25 respectively, 
thus further defining the gross severity of this specific injury 
which has further implications on outcomes (20).

An appropriate timing and treatment strategy is required 
in the face of multiple, often complex, injuries. In this 
scenario, it is prudent to address other life-threatening or 
potentially life-threatening injuries first, continue with 
resuscitation as required and once the patient is deemed 
stable, then CTA can be undertaken and operative invention 
of the BTAI either more than 24 hours later, or delayed 
for a few days. In the case of isolated BTAI however, 
early surgical intervention (<24 hours) after efficacious 
resuscitation, is acceptable. Once this diagnosis has been 
made, intravenous access should be obtained without 
unnecessary volume expansion, and strict adherence to 
intravenous blood pressure control should be initiated to 
facilitate “permissive hypotension” while maintaining vital 
organ perfusion. The risk of rupture has been shown to 
decrease from 12% to 1.5% with effective anti-impulse 
therapy (14,17). Esmolol is the traditional drug of choice, 
however locally, we use a titrated labetalol infusion first, 
due to unavailability of Esmolol as an intravenous infusion. 
The target is a systolic blood pressure around 100 mmHg, 
or means less than 80 mmHg, with a pulse rate around 
100/min. Other drugs which may be used in combination 

with beta blockade, or as an alternative, are diltiazem, 
nitroprusside or nitroglycerin, all with vigilant blood-
pressure monitoring in a high care ward or intensive care 
unit (14). It is imperative to remember to commence the 
beta blockade prior to any of the other drugs mentioned 
above to prevent acute shear- stress on the weakened aortic 
wall due to a reflex tachycardia.

Management

Thoracic endovascular aortic repair (TEVAR) has 
superseded open repair over the past two and half decades 
and has become the therapeutic option of choice for TAI, 
especially those from blunt trauma, however there are 
reports of addressing penetrating TAI successfully via 
this route as well (19,21). Many studies have described 
the advantages of TEVAR over the less preferred, open 
repair yet there are no supporting large, randomised 
control trials (22). Importantly, the delayed route of repair 
allows for more optimal management of other injuries and 
improvement in haemodynamic status. 

Hybrid operating rooms are advantageous as the surgical 
team and the patient are prepared for both endovascular and 
open procedures and may provide the ideal environment to 
combine endovascular therapies as bridging treatments to 
operative or open surgical intervention. Multi-disciplinary 
teams can assess and engage for the benefit of the patient. 
Extracorporeal membrane oxygenation (ECMO) has been 
described for severe respiratory distress in trauma as well 
as in the intraoperative management of BTAI repair and 
hybrid operating rooms may be able to offer this to patients 
in extremis (21).

Grade I TAI is managed conservatively, using anticoagulants, 
with planned repeat CTA imaging (23). Grade II TAI have 
recently been shown to have good outcomes when managed 
nonoperatively, however this is not yet described in consensus 
guidelines (21). In addition, studies over the past few years 
have described the conservative management of small 
pseudoaneurysms, whereas the Society for Vascular Surgery 
document on Endovascular repair of traumatic thoracic aortic 
injury: Clinical practice guidelines of the Society for Vascular 
Surgery, recommends that Grades II onwards require 
endoluminal stenting or repair (21,23). Follow-up imaging 
and medical therapy is addressed in local guidelines (23). 
Figure 8A and 8B demonstrate the angiogram images before 
and after TEVAR in a recent case at this facility.

Questions around long term surveillance of patients 
who have undergone TEVAR, specifically looking for 
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complications, endoleaks, the durability of endografts, 
optimal timing of intervention when other injuries prevail, 
remain. 

The advantages of TEVAR include lower mortality 
(9%), no need for cardiac bypass, less risk to the spinal cord 
from ischemia, no need to change patient position intra-
operatively, shorter operating and hospital length of stay, 
reduced affects on associated injuries, and reduced blood 
loss (19,21,23). The disadvantages are the endovascular 
approach include the need for expertise in performing 
the procedure, vessel size for access, lumen size for the 
graft (affected by hemodynamic status) and landing-site 
availability (2cm proximal and 10 cm distal), however 
crossing the left subclavian appears safe when needed 
(19,21,24,25). Anatomic variants may be a factor, however. 
There is a theoretical risk of acute kidney injury from 
contrast (although this is highly disputed) (26,27). The 
TEVAR is not good for addressing more proximal arch 
injury but may be used as part of a hybrid approach.

On the other hand, open repair is possible for the 
general or thoracic surgeon without endovascular training, 
allows rapid access to the injury in patients in extremis, but 
carries higher risks of spinal ischaemia (around 11%) and 
acute kidney injury due to blood loss. Polytrauma patients, 
especially those with lung contusion may do worse with 
early or open surgery. The mortality rate is up to 16% with 

open surgery, however it remains the option of choice for 
aortic root and arch injury (19,21,23).

Penetrating thoracic aortic injury (PTAI):

PTAI are less common than BTAI and are most frequently 
due to gunshots and stabs. There are also descriptions in the 
literature of foreign bodies impaled into or lodged within 
the mediastinum (28). PTAI are lethal injuries and many 
patients present in extremis due to rapid exsanguination 
prior to arrival at the trauma bay. Assessment follows as 
described for BTAI however, CTA is only considered if 
the patient remains hemodynamically stable and if not, 
then they are swiftly taken to the operating room for open 
surgery, i.e. thoracotomy or sternotomy. CTA in the stable 
patient with PTAI may be challenging due to frequent 
scatter from in-situ foreign bodies. Such patients should 
undergo CDA either in lieu of CTA or in addition to CTA 
if they remain stable. CDA allows for an endovascular 
solution for these patients in diagnosing the specific vascular 
structure injured, its pathology, the role of the foreign body 
in blood vessel tamponade if present, intravascular presence 
of the foreign body and provides the means to treat the 
injury via stenting or endograft (28). Pathological types may 
be similar to BTAI but may be more complex including 
aorto-caval or arterio-venous fistulas. Hybrid trauma 

A B

Figure 8 (A) Pre-stent angiogram rum demonstrating the aortic pseudoaneurysm (Gr 3 injury). (B) Post Thoracic Endovascular Stent Graft 
repair of Grade 3 blunt aortic injury.
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operating theatres may provide the ideal environment to 
combine endovascular therapies as bridging treatments 
to operative open surgical intervention, e.g., REBOA or 
endograft placement.

Aortic branch injury

The aortic branches that may be injured, mainly through 
penetrating injury, to a lesser extent through blunt injury 
are the brachiocephalic, the left common carotid and the 
left subclavian in the retrosternal space, prior to entering 
the neck (8). These injuries carry a high mortality in 
the pre-hospital environment and a moderate mortality 
once in hospital (29,30). The spectrum of injury is from 
“minimal” injury with intimal damage, various degrees of 
laceration (with or without pseudoaneurysm) and arterio-
venous fistula (Figure 9). The classification of the blunt 
injuries, as described by Biffl and colleagues, is outlined in 
Table 3 (31). Management depends on the injury severity 
with antithrombotic therapy for 7–10 days for grades 1 and 
2, stent or surgical repair of grade 3 and 4 unless a dense 
neurological fallout is already present and grade 5 is treated 
with either open surgery or a stent could be considered. 
Antiplatelet therapy for a further 3 months and then re-
imaging is advised (11,12,32).

The modern management approaches to these injuries 
have undergone a major shift over the recent past with a 
move toward endovascular management where the skill 
exists, in particular for blunt injury or contained penetrating 
injury (30,32-35). For open surgery these vessels require 
sternotomy for proximal control in most cases, although the 
3rd space anterior mini-thoracotomy may be an option for 
proximal control of the left subclavian (see Figure 10). 

Traditionally anterolateral thoracotomy is a poor access 
to these vessels in most cases and the “trap-door” approach 
should be regarded as obsolete due to the poor functional 
outcome thereof.

Operative technique—the author’s approach

The patient should be cleaned and draped such that the 
entire chest, upper abdomen and the neck and shoulders 
are accessible. Ideally “free-draping” of the arms is helpful 
for subclavian access. A prophylactic dose of either 2 g 
Kefazolin or 2.4 g Amoxicillin-clavulanic acid (or 

Figure 9 Catheter angiogram demonstrating Arterio-venous 
fistula.

Figure 10 Intraoperative access to the left subclavian artery, 
with supra- and infra-clavicular access plus 3rd space anterior 
thoracotomy incision (most inferior of the three).

Table 3 Classification of blunt carotid/subclavian injury (adapted 
from reference 31 with permission)

Grade Description

Grade 1 Intimal injury without occlusion <25% of 
circumference narrowing

Grade 2 Partial laceration or dissection >25% of 
circumference narrowing; Intramural hematoma

Grade 3 Pseudoaneurysm 

Grade 4 Vessel occlusion

Grade 5 Transection
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equivalent) is administered prior to incision. 
Once the sternum is open, if there is no active bleeding, 

one proceeds to dissect the substernal soft tissue, then 
encircling and either elevating or dividing the SVC 
proximal to the confluence of the two BCV’s and thus gain 
access to the aortic root and arch. After looping the various 
branch vessels using a Heiss or Mixter dissector proximal 
control can be attained. Proximal control with non-
crushing vascular clamps (small Satinski, Dadek, Glover or 
Leland-Jones type) should reduce bleeding risk, but distal 
back-bleeding from the vessels is common. Distal control 
depends on the likely involved vessel, namely from front to 
back on the arch as follows, slinging the vessel with loops as 
soon as possible:
	 Brachiocephalic artery—subclavian access via 

a supra-clavicular extension (protecting the 
phrenic nerve prior to dividing the Scalenus 
muscle) or right Common Carotid via an anterior 
sternomastoid extension;

	 Left Common Carotid artery—left anterior 
sternomastoid incision;

	 Left subclavian—left supraclavicular incision, 
protecting the phrenic nerve prior to dividing the 
Scalenus muscle;

	 It is advisable to also get vascular slings around the 
accompanying large veins.

Once proximal and distal control is attained, heparin IV 
bolus is given and then the vascular injury can be repaired 
using the options are as follows:
	 Primary lateral repair after debridement and 

embolectomy catheters up/down;
	 Primary end-to-end repair after debridement and 

embolectomy catheters up/down;

	 Debridement, embolectomy and lateral venous or 
synthetic patching;

	 Resection of damaged segment, embolectomies 
and then venous interposition or synthetic graft 
reconstruction;

	 Severe injuries of the subclavian vessels in a damage 
control setting can be ligated and there is a risk of 
limb-loss;

	 Carotid ligation is inadvisable, unless there is 
already dense neurology in an unstable patient, 
due to the risk (albeit small) of hemorrhagic infarct 
transformation (35).

For synthetic graft patch or interposition, it is advisable to 
use PTFE grafts and not Dacron due to the reported higher 
sepsis rates with the latter, supposedly due to the porous 
material in a contaminated field (36). This is important with 
the BCA and the proximal CCA as these are fairly friable 
vessels and should not be repaired under any tension, so 
interposition venous or synthetic grafts are recommended 
(see Figure 11—an example of a synthetic PTFE graft of 
the BCA). Suture material is either PTFE or monofilament 
polypropylene, avoiding any absorbable material.

Closure of the platysma and subcutaneous tissues along 
with skin, followed by standard closure of the sternotomy is 
the next step. Drains are left for lymphatic leaks in the soft 
tissue of the neck (closed suction type) and standard post-
sternotomy drains in the sub-sternal space (and pericardial 
space if this was opened).

Endovascular option

The alternative strategy, pioneered by du Toit and 
colleagues from Tygerberg/University of Stellenbosch 
in Cape Town, South Africa, is the use of covered stents 
placed via endovascular access (32-35). Their experience 
and longer-term follow-up have proved that this is a 
feasible management option for patients who are both 
hemodynamically normal, provided the guidewire is passible 
beyond the injury to ensure safe stent placement under 
fluoroscopic guidance (32-35). These stents are ideal in the 
proximal carotid and first-part subclavian, thus avoiding the 
need for sternotomy access. Figure 12A,B show recent stable 
left subclavian injuries managed by the local team before 
and after stent placement.

Major venous injury 

Injuries of the SVC and IVC (TVIs) are described less 

Figure 11 PTFE-graft repair of Brachiocephalic (Innominate) 
injury during sternotomy.
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frequently, compared with arterial injuries within the same 
compartment. This is likely due to a common association of 
TVIs with other vascular or organ injuries and these injuries 
are frequently non-survivable (13). 

The mechanism of injury to the superior vena, 
brachiocephalic veins and suprahepatic inferior vena is the 
same as for thoracic aortic injuries however, penetrating 
venous injuries occur much more commonly than  
blunt (37) (see Figure 13—AV fistula between Left CCA and 
BCV). Gunshots and stabs are the most common causes of 
penetrating trauma however, many iatrogenic injuries are 
being documented in the literature, for example, following 
central venous catheter placement for multiple intravenous 
ports or inotrope administration, dialysis catheter insertion 

and balloon angioplasty for central venous thrombosis 
(13,37,38). 

Blunt TVI, although uncommon, can be encountered 
following motor vehicle collisions where the mechanism 
of the TVI is likely due to the vectors applied to the vessel 
during rapid acceleration-deceleration, as in BTAI, where 
the SVC is relatively mobile in comparison to the atria, 
or due to significant compression of the vessel between 
the sternum and vertebral column (39). An avulsion injury 
of the SVC from the right atrium has been described in 
the literature, having presented with cardiac tamponade 
due to hemopericardium since the SVC had ruptured 
intrapericardially (39,40). The confluence of the SVC with 
the right atrium is a likely site of major venous injury (40). 

Injuries to the suprahepatic and retrohepatic portion 
of the IVC carry the highest mortality but fortunately 
most IVC injury is infra-renal (41). Blunt IVC injury has 
a higher mortality rate than that caused by penetrating 
injury (41). Whether penetrating or blunt SVC, BCV or 
intrathoracic IVC injuries are encountered, the patient is 
usually in hypovolaemic shock. The insertion of intercostal 
drains may reveal massive hemothoraces which necessitate 
resuscitative thoracotomy or sternotomy, especially in 
penetrating TVI. Identifying this patient in extremis is 
pivotal in order to preserve life. The operative options 
include lateral venorrhaphy, intracaval shunt, PTFE-patch 
and endovascular stenting in the more stable patient, and 
ligation as swiftly as possible for those in extremis (42).

The injured suprahepatic IVC is extremely challenging 
to manage operatively and requires cardiopulmonary 
bypass in most centres (43,44). Blunt injury may occur as 
an avulsion injury at the atrio-caval junction and may be 

Figure 12 Subclavian pseudoaneurysm on angiogram run: (A) pre-stent-graft and (B) post-stent-graft.

A B

Figure 13 Arterio-venous fistula between left common carotid and 
left brachiocephalic (innominate) vein.
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self-contained or tamponaded by surrounding structures. 
Management depends on overall patient stability and more 
recently, endovascular management is being performed. 
provides a lifeline as these patients would have succumbed 
to massive intraoperative blood loss. Options for treatment 
include conservative, endovascular (even if pseudoaneurysm 
exists), ligation or packing and definitive vascular repair (43).

Iatrogenic SVC injuries occur mainly at the confluences 
of the brachiocephalic veins and SVC and occur with 
equal frequency whether the left or right subclavian 
or internal jugular veins are cannulated. The tip of the 
hard-plastic dilator is usually the culprit tearing through 
the wall of the SVC, BCV or its confluence, resulting 
in cardiac tamponade or a massive haemothorax, both 
of which require resuscitative thoracotomy to preserve 
life (13). The literature also describes intrapleural CVC 
placement which requires fluoroscopic and angiographic 
guidance for removal usually by a vascular surgeon. The 
SVC can rupture during elective venoplasty and stenting 
for other conditions such as SVC thrombosis from long-
term indwelling catheters used for dialysis or parenteral  
nutrition (13). The tip of the catheter may also erode 
through the venous wall over time resulting in perforation 
of a large vessel with dramatic consequences (13). 

Blunt brachiocephalic injury is uncommon but it 
may occur during high speed motor vehicle crashes, 
sometimes associated with bony distraction of the vessels 
by sternoclavicular joint disruption (45), rib and clavicular 
fractures. On imaging, these injuries would appear as a 
contained perivascular or mediastinal haematoma (13). 
Penetrating BCV injuries are more common than blunt 
injuries and one should be vigilant when assessing a patient 
with a penetrating cervicomediastinal wound. CTA of 
the aortic arch and great vessels is indicated and may be 
combined with CDA for further diagnostic or therapeutic 
purposes. Active contrast extravasation and an expanding 
mediastinal haematoma warrants emergent operative 
intervention (13). For the patient in extremis, ligation of all 
major thoracic venous injuries can be performed without 
the risk of chronic oedema as this has been shown to be 
transient and spontaneously resolve (42).

Less common arterial or venous injuries

Pulmonary artery

Injury to the main intrathoracic great vessels remain 
uncommon. Major transection of either the pulmonary 

artery (PA) or veins (PV) are often rapidly fatal, thus 
explaining the limited clinical data on these injuries. The 
PA is a low-pressure system and thus the likely presenting 
pathology is a large hemothorax, or a finding of a suspected 
pseudoaneurysm on CTA. Access to these vessels may 
require either sternotomy or postero-lateral thoracotomy 
and usually requires bypass facilities, which are often not 
readily at hand in the unsavoury hours where trauma cases 
present, especially when actively bleeding (46,47). Abbas, 
in his recent commentary, makes the following points 
about management: direct pressure will control most 
bleeding; small pseudoaneurysms are often managed non-
operative means, or with coil-embolization via fluoroscopy. 
He emphasizes the need for cardiac bypass for proximal 
injury (46). The proximal injury can easily rupture into the 
pericardial sac and would be a rare cause of tamponade, 
thus treated by thoracotomy and repair, albeit difficult with 
the beating heart. For more distal injury balloon-catheter 
or hilar clamping may assist in hemorrhage control. 
Pneumonectomy may be the only option in some cases.

Pulmonary vein

These injuries are most commonly rapidly fatal and 
present with a rapid onset large hemothorax that may 
briefly tamponade the injury given the low-pressure system 
involved. Massive tears and intra-pericardial injury leading 
to tamponade seldom reach hospital (13). Access to the 
injury is best achieved through an ipsilateral thoracotomy 
and with clamshell extension if needed. Temporary hilar 
clamping may assist vascular control. Direct repair using 
continuous polypropolene suture is the treatment of choice 
for proximal injury or ligation for branch injury is advised. 
Proximal injury can be approached via sternotomy and 
dissection between the SVC and Aorta (48). 

Azygous and hemi-azygous injury 

The azygous vein is seldom injured by either penetrating 
or blunt trauma and may present as a widened mediastinum 
or large right-sided hemothorax (13,49-51). Most of the 
blunt injuries are associated with motor vehicle crashes, 
often with mid-thoracic vertebral injury. Less than 50 cases 
have been reported from either cause since the initial 
reports by Wall and colleagues in 2006 where they reviewed  
22 cases from penetrating injury over 40 years. There 
was a clear predominance of gunshot wounds and they 
described a mortality of 36% (49). A case report in 2010 
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added a single blunt mechanism case to the report of 20 
cases of blunt injury originally recorded in 2006 (50). 
Actively bleeding venous injury is best approached via 
a right anterolateral or posterolateral thoracotomy and 
treatment is venous ligation. A similar approach on the left 
would apply to the hemi-azygous, however this is even less 
likely to cause severe bleeding and is mostly identified on 
CTA performed for a widened mediastinum on plain chest 
film. Haemodynamically normal patients can potentially be 
managed non-operatively (51).

Conclusions

Mediastinal great vessel injury carries a high mortality and 
morbidity, with motor-vehicle trauma and gunshot wounds 
the primary causes of such injury. The management of 
Aortic injury has taken a major turn toward endovascular 
management with reduced morbidity, while the other main 
branch injuries are mainly associated with penetrating 
trauma. Even here endovascular options are increasingly 
being used. Less common injuries to other mediastinal 
vessels occur and these have less supporting data on how 
management should proceed.

Take-home messages

	 Blunt aortic injury is more readily diagnosed early 
due to the increased use of “pan-scan” of whole-body 
trauma CTA in the early phase of care, however early 
control of blood pressure and timely aortic endograft 
management have become the mainstay of treatment.

	 Penetrating trauma to the aorta and its main branches 
carry high early mortality, however early surgical 
intervention and vascular control have reduced the 
mortality over time.

	 Blunt carotid and subclavian injury should be actively 
searched for via CTA in high-risk patient groups.

	 Major venous injury is usually found on CTA or at 
thoracotomy/sternotomy for active bleeding and can 
be addressed by suture-repair or most often ligation. 
Simple repairs should be attempted, most others 
ligated with the exception of the venae cavae.

	 Bypass is seldom immediately available and mostly not 
required for these injuries with the exception of very 
proximal injury.
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