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I n the United States, 7% of patients arriving at adult level 1
trauma centers are diagnosed with a torso vascular injury,
and about half of these cases will present with hemorrhage.'
Hemorrhage is the leading cause of potentially preventable
death following trauma.** Noncompressible torso hemorrhage

(NCTH) from vessels in the thorax, abdomen, and pelvis is es-
pecially lethal, with death occurring in approximately 45% of
cases. Blunt and penetrating mechanisms account for 65% and
35% of NCTH, respectively.' In one retrospective multicenter
NCTH study, the chest was involved in 25% of cases. The most
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common bleeding vessels in the chest were the descending tho-
racic aorta (45%), intercostal/internal thoracic arteries (12%),
ascending aorta (11%), right subclavian (7.3%), left subclavian
(5%), pulmonary artery (4%), and subclavian vein (4%). The
aortic arch, left and right carotid arteries, pulmonary vein, supe-
rior vena cava (SVC), and innominate vein were injured in less
than 2% of cases. The most common cause of death after NCTH
was exsanguination at a median time of 2 hours after presenta-
tion.* This underscores the importance of expeditious assess-
ment, diagnosis, and management of these patients. Thoracic
vessels that are injured but are not bleeding initially may result
in thrombus formation, occlusion, or delayed hemorrhage and
demand similar attention. The purpose of this document is to pro-
vide the American Association for the Surgery of Trauma and the
World Society of Emergency Surgery recommendations for the
diagnosis and management of thoracic vascular injuries (TVIs).

METHODS

A computerized search was done using different databases
(Medline, Embase, Cochrane). Citations were included for the
period between January 2013 and January 2025 using the pri-
mary search strategy: trauma, blunt, penetrating, blood vessel,
vascular injury, chest, thoracic, aorta, subclavian artery, subcla-
vian vein, heart, pulmonary artery, pulmonary vein, innominate
artery, innominate vein, aortic arch, great vessels, superior vena
cava, inferior vena cava, resuscitative thoracotomy, thoracotomy,
sternotomy, pericardiotomy, injury, surgery, diagnosis, operative,
nonoperative, shunting, shunt, endovascular, anticoagulant, anti-
platelet, focused assessment with sonography for trauma, and fo-
cused assessment with sonography in trauma, combined with
and/or as well as the MeSH terms: thoracic injuries, thoracic aorta
dissection, endovascular procedures, thoracotomy, and sternotomy.
No search restrictions were imposed. The dates were selected to al-
low comprehensive published abstracts of clinical trials, consensus
conferences, comparative studies, congresses, guidelines, gov-
ernment publications, multicenter studies, systematic reviews,
meta-analyses, large case series, original articles, and randomized
controlled trials. Selected older articles considered landmark pa-
pers in the field were also included. Three authors independently
reviewed abstracts chosen for relevance, and any discrepancies
between reviewers were settled after a discussion.

The level of evidence was evaluated using a modified
form of the Grading of Recommendations Assessment, Develop-
ment, and Evaluation system (Table 1).> A group of experts in
the field, coordinated by a central coordinator, was contacted to ex-
press their evidence-based opinions on several issues about TVI.
Based on the evidence available, the central coordinator assembled
the different answers derived from a round of discussion and cre-
ated a set of recommendations. The recommendations were sub-
mitted for comments multiple times using an online modified Del-
phi process until complete consensus was achieved. The definitive
version reported herein represents the position of the expert group
from both the American Association for the Surgery of Trauma
and the World Society of Emergency Surgery. An executive
summary of the guidelines can be found in Supplemental Digital
Content (Supplementary Data 1, http://links.lww.com/TA/E993)
as well as a list of abbreviations used in this article (Supplemen-
tary Data 2, http://links.lww.com/TA/E994).

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

RESULTS
Epidemiology
What Is the Incidence of Major Vascular Injury in
Blunt Chest Trauma?

Statement: Blunt mechanisms of injury are responsible
for more than 60% of cases of TVI, but this varies by geogra-
phy. The thoracic aorta is the most commonly injured vessel,
followed by the innominate/subclavian arteries and the pulmo-
nary artery in a minority of cases. Most blunt thoracic aortic
injuries (BTAISs) are located distal to the takeoff of the left sub-
clavian artery (LSA) at the level of the ligamentum arteriosum.
Injuries to the ascending aorta, SVC, thoracic inferior vena
cava, and azygous vein are infrequent after blunt trauma.

The incidence of TV is less than 1% in pediatric and adult
civilian trauma patients who reach the hospital and is more com-
mon in adults than in pediatric patients.* " Blunt trauma is the
cause of 62% of TVI in the United States and 77% in
Australia.®'? The epidemiology of injury prevalence and mech-
anism varies by geographic region. Still, it is typically related to
deceleration injury resulting in a spectrum of vessel wall disrup-
tion from intimal tears to complete rupture.'® In patients sustain-
ing TVI, the aorta is injured in approximately 80% of patients,
followed by the innominate and subclavian vessels in 11% and
the pulmonary vessels in 5%.%'* The absolute incidence of
TVI in trauma is much higher, as many patients do not survive
to reach the hospital alive. Blunt thoracic aortic injury is the sec-
ond most common cause of death in blunt trauma after head in-
jury. It has been identified in a third of blunt traumatic fatalities,
and an estimated 80% die at the scene of injury. Most injuries oc-
cur at the aortic isthmus, which extends from the origin of the
LSA to the insertion of the ligamentum arteriosum. The ascend-
ing aorta is injured in less than 5% of patients sustaining BTAI
who survive transport but is identified more freqluently in au-
topsy patients and is associated with cardiac injury.'>'® Blunt in-
juries to the thoracic inferior vena cava (TIVC), the SVC, and the
azygous vein are not commonly seen by health care providers, as
they are associated with severe nonsurvivable injuries. Blunt in-

juries to the proximal carotid arteries are also uncommon.'®!’

What Are the Most Common Injury Mechanisms in
Blunt TVI?

Statement: Blunt TVIs occur after high-energy transfer
mechanisms of injury such as MVCs, falls from height, and
pedestrians struck by an auto. Blunt thoracic aortic injuries
are frequently observed in head-on collisions and T-bone
crashes. They are usually accompanied by other severe inju-
ries such as traumatic brain injury (TBI), intra-abdominal
solid organ injury, and pelvic fractures.

The most common blunt injury mechanisms in TVI are
motor vehicle collisions (MVCs) in 83% of patients and falls
from height in 6% of patients.*'? In a large multicenter prospective
study, BTAI occurred following MVC in 81%, autopedestrian ac-
cidents in 7%, and falls from height in 3%. Of the BTAIs diag-
nosed after MVC, 72% occurred after a head-on collision, 24% af-
ter a side impact, and 4% after a rear impact.'® Because of the na-
ture of these high-energy mechanisms, 80% of BTAIs are
accompanied by other concomitant life-threatening injuries.®'®
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These include TBI (20-31%), abdominal injury (28-29%), and
pelvic injury (15-35%).”*° Nonaortic great vessel mechanisms
of injury are similar: blunt innominate artery and left carotid inju-
ries tend to be more proximal, while left subclavian injuries tend to
be more distal.'?

What Is the Incidence of TVI in Penetrating Chest
Trauma?

Statement: Penetrating injury mechanisms are re-
sponsible for 40% of all TVIs and carry a high mortality rate
because of massive bleeding. Other associated intrathoracic
injuries are common.

In US adults, 38% of TVI occurs after penetrating trauma,
mostly from gunshot (53%) and stab wounds (30%). The aorta is
injured in 27%, the innominate and subclavian vessels in 24%, the
pulmonary vessels in 17%, the internal mammary in 12%, and the
SVC in 8%.° Penetrating TVI is more common in Latin America
than in the United States and Europe.?'* Penetrating injuries typ-
ically result in vessel laceration or transection, resulting in hemor-
thage and high mortality."'*!7* Notably, the subclavian veins
are anterior and medial to the arteries and are concurrently injured
in approximately 20% of cases.'” Penetrating thoracic aorta inju-
ries (PTAIs) are commonly associated with injuries to the heart,
esophagus, diaphragm, and vena cava.'”

Clinical Presentation and Diagnosis

What Is the Optimal Initial Evaluation of a Patient
With Suspected TVI?

Statement: The optimal initial evaluation of a patient
with suspected TVI includes concomitant (hemostatic) resuscita-
tion and assessment of life-threatening injuries, including tension
pneumothorax, massive hemothorax, exsanguinating hemor-
rhage, and cardiac tamponade. A chest x-ray (CXR) may help
identify intrathoracic pathology and radiographic signs sugges-
tive of BTAI and localize potential projectiles. Decreased or ab-
sent pulses in the upper extremities and periclavicular hemato-
mas suggest the presence of a subclavian artery injury. GOR 1C

The initial evaluation is the same as with any trauma patient
and begins with the assessment of airway, breathing, and circula-
tion. Vascular access should be established quickly to allow for
the administration of blood products if hemorrhage is suspected
(hemostatic resuscitation), as well as other medications and fluids
as needed. Identification of immediate life-threatening associated
injuries, such as tension pneumothorax or massive hemothorax,
cardiac tamponade, or external hemorrhage, is critical.** In blunt
injuries, there should be a high suspicion of concomitant TBI, and
particular attention to the neurologic status is warranted.** In pen-
etrating injuries, careful examination should identify all external
wounds to assess for potential concomitant injuries in the abdo-
men, neck, or extremities. Adjunct imaging with a CXR should
be performed, but it is neither sensitive nor specific for TVI. A
CXR can evaluate chest wall injuries, mediastinal trauma, pneu-
mothorax, hemothorax, pulmonary contusion, and pleural effu-
sions, as well as guide further management without the need to
transport a potentially unstable patient.”® Evidence of BTAI on
CXR includes mediastinal widening, widened left paraspinal
stripe, rightward deviation of the trachea, left mainstem bronchus
depression, loss of the aortic knob, or apical capping.”’ >’ These

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

signs help when present, but their absence does not rule out BTAL
Subclavian artery injury may result in a periclavicular hematoma or
diminished radial pulses, but these “hard signs” are only present in
20% to 30% of patients. First rib, clavicular, or scapular fractures,
as well as extremity neurologic deficit from brachial plexus injury,
should also raise suspicion for subclavian vessel injury.’

What Is the Role of Imaging in Chest Trauma?

Statement: The extended focused assessment with
sonography in trauma (eFAST) may help diagnose pneumo-
thorax and hemothorax, pericardial fluid, and intra-abdominal
fluid without delaying interventions such as chest tube place-
ment or surgical intervention. A chest computed tomography
angiography (CTA) is the criterion standard for assessing poten-
tial TVI and should be obtained in stable patients. Unstable pa-
tients should undergo immediate surgical intervention. GOR 1C

The eFAST quickly inspects the abdomen for free fluid and
the chest for pericardial fluid, pneumothorax, and hemothorax.*'
However, it should not delay necessary lifesaving interventions
that are warranted based on physical examination, such as needle
or tube thoracostomy for tension physiology or transportation to
the operating room for a surgical abdomen.** Extended focused
assessment with sonography in trauma should be used in all blunt
thoracic patients because of the likelihood of concomitant abdom-
inal trauma and to ascertain in the unstable patient the body cavity
(ies) needing exploration. Positive findings (pericardial or perito-
neal fluid, pneumo- or hemothorax) should prompt additional im-
aging with computed tomography (CT) in the stable patient or
surgical intervention in the unstable patient.>® The role of eFAST
in penetrating thoracic trauma is limited to stable patients to as-
sess for cardiac injury and tamponade. Unstable patients require
emergent operative exploration, which should not be delayed with
additional imaging such as CT scans.>* Importantly, while the
eFAST subxiphoid view has high sensitivity and specificity for
cardiac injury (>96% and >97%, respectively), there is a possibil-
ity of a false-negative pericardial eFAST because of possible de-
compression of the pericardium into the pleural cavity. Thus,
there should be a high index of suspicion for cardiac injury in pa-
tients with wounds to the precordium and an associated hemotho-
rax despite a negative eFAST, particularly if hypotension and on-
going hemorrhage from chest tubes are present.’*>*

Stable patients with penetrating injuries to the chest
should undergo CTA to rule out major vascular trauma.>>>’
There are no universal guidelines for the optimal screening of
blunt chest trauma patients. The NEXUS Chest algorithm rec-
ommends that all blunt trauma patients with an abnormal CXR
undergo CT chest imaging, as 13% of these patients would have
a significant thoracic injury (including vascular injury) identi-
fied on CT. For patients with a normal CXR, a CT scan of the
chest can be considered for patients with distracting injuries,
thoracic wall tenderness (including chest wall, sternum, tho-
racic spine, and scapula), or a rapid deceleration mechanism
of injury. Patients with a normal CXR and one positive criterion
had a 1.1% chance of significant injury; those with two had a
3.2% chance. These rates increased to 19% and 25% if the
CXR was abnormal.*® Similarly, another large study demon-
strated that only 2.7% of blunt trauma patients with a normal
CXR had a clinically significant injury on CT.** The Eastern
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Association for the Surgery of Trauma and the Western Trauma
Association recommend screening all blunt trauma patients
with significant high-energy deceleration or acceleration mech-
anisms with CTA, yet this relies on clinical judgment, and there
remains a lack of definitive criteria for optimal screening.***!
Computed tomography angiography is the screening exami-
nation of choice for diagnosing blunt and penetrating TVL It has a
95% to 100% sensitivity and a 99% to 100% negative predictive
value in detecting BTAL">=3374%4! Types of TVI include dissection,
intramural hematoma, thrombosis, pseudoaneurysm (PSA), lacera-
tion, transection, and arteriovenous fistula.*? Importantly, if there is
suspicion of a subclavian artery injury, intravenous contrast should
be administered via the unaffected arm to avoid artifacts.>> Con-
ventional angiography and transesophageal echocardiogram can
also be used, but these are more invasive and resource-intensive
modalities. Conventional angiography may still be used in stable
patients with a high suspicion of vascular injury to use endovascu-
lar repair at diagnosis or in the presence of metallic implants or for-
eign bodies that would cause obscuring artifacts on CTA.'">%

‘When Should a Chest Tube Be Placed in Chest Trauma?

Statement: Urgent tube thoracostomy is indicated in
patients with suspected or clinically diagnosed large or ten-
sion pneumothorax and large hemothorax. In emergent sit-
uations, tube thoracostomy should be performed based on
clinical diagnosis, and a CXR or eFAST examination should
not delay tube placement. GOR 1B

Upon arrival, a chest tube should be placed for the symptom-
atic patient with suspected pneumo- or hemothorax. Tension phys-
iology is a clinical diagnosis based on physical examination find-
ings, and the treating trauma provider should not rely on imaging
to confirm the diagnosis before intervening with decompression.
However, if clinically stable, CXR and eFAST can help diagnose,
and a chest CT can confirm the diagnosis of hemopneumothorax.
An asymptomatic hemothorax of less than 300 to 500 mL may be
observed without drainage, but this is still debatable.***> Indica-
tions for tube thoracostomy for the asymptomatic pneumothorax
are discussed elsewhere.*®

How Does Chest Tube Output Alter Management?
What Are the Indications for Emergent Operative
Management?

Statement: Greater than 1,500 mL of chest tube output
immediately, >250 mL/h for >2 hours, or persistent hypoten-
sion regardless of chest tube output constitutes indication for
emergent thoracotomy. GOR 1B

Initial chest tube output can be used to identify patients
needing surgical intervention. Traditionally, an initial chest tube
output of 1,500 mL or 200 to 300 mL/h for the first 2 to 4 con-
secutive hours merits operative exploration with emergent
thoracotomy.'>?*#7 Mortality has been shown to increase line-
arly with the amount and rate of blood loss through the chest
tube.*” Regardless of actual output, clinical stability is the best
indicator of the need for intervention.

Patients with recent cardiac arrest and those arriving in
extremis require resuscitative thoracotomy.**>' Patients who
are hemodynamically unstable, transient responders, and those
with ongoing hemorrhage from their chest tube should also
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undergo emergent surgery. A large retained hemothorax after ap-
propriate thoracostomy tube placement may indicate clotted blood
and should mandate thoracotomy in an unstable patient. Stable pa-
tients who have contrast extravasation or vessel occlusion on CTA
should undergo emergent endovascular or operative intervention.

Medical Nonoperative Management

Which Patients With TVI Are Best Treated With
Medical Therapy?

Statement: The Society of Vascular Surgery (SVS)
BTAI grades I and II are usually treated nonoperatively.
Smaller aortic PSAs may, in selected circumstances, be
treated conservatively but require close imaging follow-up.
Patients with associated TBI may need BTAI intervention
because of hypotension caused by drugs used to decrease
the tension in the aortic wall. Subclavian and innominate ar-
tery injuries follow similar management strategies for low-
grade BTAI Penetrating thoracic aorta injury is generally
associated with hemorrhagic shock and is almost always
managed operatively. GOR 1C

The SVS described a BTAI grading system: grade I (intimal
tear), grade II (intramural hematoma), grade III (PSA), and grade
IV (rupture)’>>* (Table 2). Low-grade injuries (grades 1 and 1)
can be managed with medical therapy alone.”>>>°! However, in
those with concomitant severe TBI, operative intervention may
be preferred given the need to maintain cerebral perfusion pressure
and prevent secondary brain injury. There is evidence that nonop-
erative management (NOM) may also be considered for select pa-
tients with grade III injuries without TBI, who have small PSAs,
and who are likely to be compliant with follow-up for repeat
imaging.****%> In one meta-analysis, only 4% of 93 selected pa-
tients with small PSAs managed nonoperatively required late repair
(predominantly endovascular) for injury pro%gession, and aortic-
related mortality was only 2% of 168 patients.”” These studies sug-
gest defining small PSA as less than 50% of the aortic circumfer-
ence or by the PSA size-to-neck ratio. However, the optimal cutoff
and metric for PSA size for NOM have not been well established.
Patients with SVS grade I1I injuries not amenable to NOM should
undergo urgent or delayed operative repair, which is dictated by the
severity of concomitant injuries and the need for ongoing resusci-
tation. Grade IV injuries should be repaired emergently.*’ In
resource-limited settings, the decision for operative versus NOM
of BTAI must be made according to institutional endovascular ex-
pertise and local capabilities for follow-up imaging.

TABLE 2. Injury Grading Scales for BTAI

SVS

Grade I Intimal tear

Grade 11 Intramural hematoma
Grade 11T PSA

Grade IV Free rupture

Harborview classification

Minimal No external contour abnormality; intimal tear/
thrombus <10 mm

Moderate External contour abnormality or intimal tear
>10 mm

Severe Active extravasation; LSA hematoma >15 mm

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.
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Although the SVS grading system is the most widely used,
other grading sg/stems have been developed to guide the manage-
ment of BTAL®® The Harborview grading system suggests a sim-
plified scale of minimal, moderate, and severe aortic injury based
on external aortic contour abnormality and the size of an intimal
tear or intramural thrombus. Mild injuries can be managed with
NOM, moderate with delayed repair, and severe with emergent
repair.”® In one study, the Harborview scale demonstrated high
agreement with the SVS grading system. However, one in six
SVS grade I or II injuries were upgraded or downgraded, demon-
strating the need for individualized clinical judgment, particularly
in larger intimal tears or PSAs.%’

The management of patients with BTAI and TBI remains
challenging. Treatment goals for BTAI emphasize reducing aor-
tic wall tension with drugs ([3-blockers) to achieve strict blood
pressure and heart rate control. In contrast, optimal TBI manage-
ment demands maintaining adequate cerebral perfusion pres-
sure. While early reports suggested increased mortality of pa-
tients undergoing early repair, more recent research suggests
that timing is less critical and stresses the importance of a mul-
tidisciplinary and individualized approach to these patients,
who have an overall mortality of 19%.%>7%71

Similar grading of injury severity may also be applied to
blunt injuries of the innominate and subclavian arteries, ranging
from minimal injury involving the intima alone to various degrees
of vessel laceration depending on the circumference involved,
PSA, transection, and occlusion.** Low-grade injuries, including
minimal intimal tears and small PSA, account for 25% to 40% of
injuries and may undergo NOM, as well as select cases of subcla-
vian artery occlusion in the absence of limb ischemia due to col-
lateral blood flow. Large PSA, occlusions causing limb ischemia,
or vessel ruptures merit emergent operative repair.*>’>"* Carotid
injuries have classically been described using a grading system
developed by Biffl et al.”* The mana%ement of blunt cerebrovas-
cular injuries is discussed elsewhere. > Blunt injury to the pulmo-
nary artery is rare, but similarly, those of lower grade may be
treated nonoperatively, given the lower arterial pressure of the pul-
monary artery.’® There are rare cases of stable and low-grade
PTAI treated nonoperatively with impulse control.””

What Is the Optimal Medical Therapy for TVI? What
Is the Optimal Timing for Initiation?

Statement: Intravenous P-blockade (esmolol) is the
therapy of choice in the NOM of BTAI, and it should be ini-
tiated as soon as feasible and as allowed by concomitant inju-
ries. Patients should be monitored in an intensive care unit.
An antiplatelet agent (e.g., aspirin) is indicated as part of
the NOM of subclavian and innominate artery injuries,
followed by interval follow-up imaging. GOR 1C

In BTAI patients, medical therapy is directed at impulse con-
trol, which seeks to reduce aortic wall stress by regulating heart rate
and blood pressure. This is typically achieved with 3-blocker infu-
sion, such as esmolol, to maintain a heart rate between 60 and
100 beats per minute and systolic blood pressure of <100 mm Hg.
If first-line therapy does not achieve target goals, other drugs such
as calcium channel blockers (nicardipine or diltiazem) or vasodila-
tors (nitroprusside) can be added. Vasodilatory drugs should be
avoided as first-line agents because of the risk of reflex tachycardia,

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

which can increase aortic wall stress. Anti-impulse therapy
should begin as soon as feasible in the setting of clinical stability
and barring other life-threatening injuries.”*’® Importantly, in
patients with concomitant TBI, anti-impulse therapy must be
balanced with the risk of secondary TBI because of hypoten-
sion. Patients should be monitored in an intensive care setting
for the first 48 to 72 hours after BTAI and initiation of anti-
impulse therapy. If the injury is stable on repeat imaging, pa-
tients can be transitioned to an oral antihypertensive regimen.
Although not well studied, some institutions also advocate using
aspirin in NOM of BTAI for several weeks postinjury.®””

In subclavian or other supra-aortic branch vessel injury,
NOM consists of initiating an antiplatelet agent, typically
81 mg of aspirin, and interval follow-up imaging. However, this
has not been well studied.!”* For subclavian artery injury man-
aged nonoperatively, peripheral pulse checks in the affected ex-
tremity should be assessed frequently.

What Is Considered a Failure of NOM?

Statement: New onset tachycardia or hypotension and
aortic injury progression (from minor to major in the SVS
classification) based on repeat imaging constitute a failure
of NOM. GOR 1C

Progression of low-grade BTAI occurs in 5% to 10% of cases
but rarely requires intervention. However, if a low-grade injury pro-
gresses to a high-grade 1%1% on repeat imaging, the patient should
undergo emergent repair.”® """ An abrupt change in patient he-
modynamics, including tachycardia and hypotension, should trigger
concern for possible rupture and expeditious reimaging or operative
exploration depending on the location and severity of the initial in-
jury. In subclavian artery injuries treated nonoperatively, new claudi-
cation, diminished pulses, or other evidence of limb ischemia should
prompt immediate reimaging or intervention.

When Should Reimaging Occur During NOM of TVI?

Statement: Blunt thoracic aortic injuries treated
nonoperatively should be reimaged within 72 hours to ex-
clude injury progression and at 1 and 3 months to document
healing progression. Serial imaging after hospital discharge
with CTA or magnetic resonance angiography (MRA)
should be performed to ensure injury resolution. Subclavian
and innominate artery injuries should be reimaged at the
time of discharge from the hospital. GOR 2C

For BTAI repeat CTA should be obtained within 48 to
72 hours of admission and, if stable, should also be obtained on out-
patient follow-up to confirm healing. Most injuries resolve within
8 weeks, after which antihypertensive medication can be stopped.*
The European Society for Vascular Surgery (ESVS) guidelines rec-
ommend yearly MRA until BTAI is healed.*' There is evidence that
grade 1 injuries may not require surveillance imaging.”® Although not
well documented, it is reasonable to consider reimaging other great
vessel injuries treated with NOM before discharge to ensure stability.

Surgical Management

What Are the Surgical Treatment Options for TVI?
Statement: Thoracic endovascular aortic repair

(TEVAR) is the treatment of choice for BTAI when surgical

management is indicated. It is associated with decreased
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mortality, lower risk of paraplegia, shorter hospital stays, and
similar stroke rates compared with open repair. Grade IV
BTAI (rupture) requires emergent intervention. An initial
trial of NOM with B-blockade is acceptable in patients with
associated injuries, delaying TEVAR for 48 to 72 hours. He-
modynamically unstable patients sustaining PTAI should un-
dergo emergent open surgery. Thoracic endovascular aortic
repair may be indicated in stable PTAI patients. Endovascu-
lar repair can be considered in hemodynamically stable pa-
tients with other TVIs, most commonly the subclavian artery.
Most penetrating TVIs are associated with active hemorrhage
and shock and require open repair. See Figure 1. GOR 1B, 1C

Traditionally, all TVIs were treated with open surgery.
However, as endovascular technology and techniques have im-
proved, the use of endovascular approaches to manage vascular
trauma has increased rapidly.”*** The first Food and Drug Ad-
ministration approval of TEVAR devices was in 2005. By
2007, 37% of BTAI had undergone TEVAR; by 2015, this had
grown to 94%.%>* Similar adoption of TEVAR for BTAI has
also been seen in other countries.®>” Between 2007 and 2016,
25% of innominate or subclavian artery injuries underwent
endovascular repair versus 29% undergoing open repair.”> The
utilization rate of endovascular subclavian repair is increasing
by 5% yearly.”® The choice of repair depends on patient stability,
injury location, the grade of injury, and the resources and exper-
tise of the treating trauma center.

Thoracic endovascular aortic repair is now the standard of
care for BTAL 04184 Although there are no prospective random-
ized clinical trials directly comparing open repair and TEVAR
for BTAL several studies have shown decreased mortality, sig-
nificantly lower risk of paraplegia, and reduced length of stay
with similar stroke rates compared with open repair.*!-#88-91
The most recent study of the American College of Surgeons
Trauma Quality Improvement Program registry data on patients
undergoing TEVAR for BTAI demonstrated 4.1% all-cause
mortality, 2.8% risk of stroke, 1.6% unplanned return to the op-
erating room, 0.7% conversion to open aortic repair, and 0.2%
risk of paraplegia.®?

Timing of repair depends on clinical stability, grade of in-
jury, and presence of severe concomitant injuries. Patients with
grade IV injuries (aortic rupture) should undergo emergent repair.
Patients with lower-grade BTAI who do not have significant con-
comitant injuries also may proceed with immediate repair. For
those with serious associated injuries or who have ongoing resus-
citation needs, delayed TEVAR within 48 to 72 hours is safe and
has been associated with reduced mortality.*"*>*> Importantly,
TEVAR may be limited by anatomy, including the location of
injury in the ascending aorta or aortic arch, the diameter and
length of landing zones, aortic calcification and tortuosity,
intraluminal thrombus, and quality of access vessels.”® During
TEVAR, the LSA is occluded in up to 54% of cases, which
may lead to claudication and ischemia of the left upper extrem-
ity.”” Rescue operations, including carotid to subclavian bypass,
can have high morbidity. Selective LSA occlusion and endovas-
cular revascularization techniques at the time of repair are im-
portant targets of ongoing research.”” ' In retrospective stud-
ies, intraprocedural heparin use during TEVAR was safe, even
among TBI patients.”>101-103 Postoperatively, patients should
be admitted to an intensive care unit for monitoring of bleeding,
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neurologic changes, and vascular complications (e.g., vessel oc-
clusion and ischemia). Anti-impulse therapy can be discontinued
with normalization of heart rate and blood pressure goals.

Thoracic endovascular aortic repair is also being increas-
ingly used for PTAI although most of these patients will present
in extremis or with unstable vital signs requiring immediate
open operative exploration. Those stable enough for CT diagno-
sis of their injury may be candidates for TEVAR.'*!!

There are likewise no prospective randomized clinical tri-
als comparing endovascular and open repair for subclavian ar-
tery injuries. However, several retrospective studies have dem-
onstrated the effectiveness and safety of endovascular repair
for blunt and penetrating injuries.*>"*' %1% A recent large ret-
rospective study of 1,200 cases of subclavian artery injuries
showed that endovascular management has been associated with
reduced mortality and decreased need for fasciotomy compared
with open surgery.''® Endovascular repair in subclavian artery
injuries has traditionally been reserved for stable patients who
presented to centers with the capability and expertise. However,
with increasing prevalence of hybrid operating room suites and
staff expertise, unstable patients with complex injuries and in
hemorrhagic shock have also benefited from an endovascular
approach.”'® Endovascular repair using a stent graft can be used
for subclavian PSA, arteriovenous fistula, occlusion, transection,
perforation, or dissection and has low reintervention rates.'®”-!!!
Endovascular repairs are especially useful in obtaining proximal
control of the LSA, possibly avoiding transthoracic open exposure
or as a damage-control procedure before open repair (“hybrid” re-
pair). Some lesions, such as those with greater than 50% circumfer-
ence lacerations, vessel transections, and complete occlusions, may
not be amenable to endovascular repair.**'%> Examples of subcla-
vian artery endovascular repairs are shown in Figures 2 and 3, and
an example of endovascular repair of BTAI is shown in Figure 4.

Endovascular repair may also be considered for blunt and,
rarely, penetrating innominate or proximal carotid artery inju-
ries, although the literature is scarce.'%>' %1213 Blunt ascend-
ing aorta and arch injuries typically require open repair under
complete cardiopulmonary bypass. However, the use of endo-
vascular techniques for nontraumatic pathologies of the ascend-
ing aorta and aortic arch is a sub[ject of research and may have
future applications in trauma.' '+

Which TVIs Require Open Surgical Management, and
What Is the Optimal Open Repair?

Statement: Open surgery is indicated in hemodynami-
cally unstable patients and when endovascular capabilities
and expertise are unavailable. Patients in shock with intratho-
racic bleeding usually undergo an anterolateral left-side tho-
racotomy, which may be extended through the sternum to
the right chest (clamshell). In hemodynamically stable pa-
tients, injury location dictates the surgical approach. GOR 1B

Open surgery is necessary if the patient is unstable and
cannot wait for endovascular expertise to arrive, the injury or
patient anatomy is not amenable to endovascular approaches,
or endovascular resources and expertise are unavailable. The
choice of open technique will depend on the patient's hemody-
namic status and whether the injury location is known. Most pa-
tients, particularly after penetrating injury, will be unstable and
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In Extremis
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vascular injury?
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\ 4 \ 4
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or ongoing YES Open Repair’
hemorrhage?
A
\ 4
NO YES
A
) 4
Penetrating injury, Y
Hemodynamically cardiac tamponade,
YES Stable? - or hard signs of NG
vascular injury?
A v
Consider
extrathoracic injuries,
Chest CTA Chest CTAwhen
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A 4 ¢
Aortic injury Branch vessel injury
, | | ) l
Grade I-1l Grade IlI Grade IV | Low grade? ‘ ‘ High grade® |
Impulse control +/- Impulse control + Emergent Open vs

antiplatelet agent4

Urgent or delayed
endovascular repair

endovascular repair

Antiplatelet agent*

endovascular repair

|

Repeat CTA in 48-72
hours

|

Repeat CTA prior to
discharge

Figure 1. Thoracic vascular injury management algorithm. 'In experienced centers with prompt access to hybrid operating room suites,

endovascular repair can be considered for unstable patients with suspected subclavian artery injuries. 2Low-grade injuries, including
minimal intimal tears and small PSAs may undergo NOM. 3High-grade injuries including large PSA, occlusion causing limb ischemia, or
vessel rupture merit emergent operative repair. Aspirin (81 mg) is used most commonly. ED, emergency department; CT, chest tube.

will require anterolateral thoracotomy as the initial exposure
with evaluation for associated cardiac or pulmonary injury. This
can be extended to a clamshell thoracotomy if there is suspected

© 2025 The Author(s). Published by Wolters Kluwer Health, Inc.

bleeding in the contralateral chest or for better visualization and
access to the origin of the great vessels. In stable patients, the op-
eration will depend on the location of the injury. The ascending
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Figure 2. Subclavian artery occlusion after chest trauma. (A) Angiogram demonstrating occluded subclavian artery. (B) Endovascular
placement of stent graft with restored flow.

Figure 3. Subclavian artery PSA/transection after chest trauma. (A) Chest CTA showing large subclavian artery PSA. (B) Angiogram of
subclavian artery again with large PSA. (C) Successful endovascular repair with stent graft across the injury site.
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Figure 4. Blunt trauma aortic injury after chest trauma. (A) Chest CTA imaging showing grade Il BTAI. (B) Chest CTA imaging showing

post-TEVAR repair of BTAL

aorta, aortic arch, innominate artery, proximal common carotid
artery, right subclavian artery (with cervical extension), and pul-
monary vessels are approached via a median sternotomy.

In contrast, the descending aorta is accessed via a posterolat-
eral thoracotomy at the fourth intercostal space. Left subclavian ar-
tery injuries can be approached by an anterolateral thoracotomy at
the third intercostal space or supra-, infra-, or transclavicular inci-
sions. If the injury to the artery is minor, primary arteriorrhaphy is
preferred. More significant injuries may require resection with
end-to-end anastomosis, interposition graft, or ligation with a
bypass graft if near the vessel origin. Significant injuries to the
ascending aorta, aortic arch, and pulmonary vessels require car-
diopulmonary bypass. Injuries to the innominate artery typically
require bypass exclusion with a 6graft from the ascending aorta to
the distal innominate artery.''®''® Injuries to the descending
aorta are challenging and associated with a 2% to 3% incidence
of postoperative paraplegia when open repair is used.*"*! Unless
the operative time is estimated at less than 30 minutes, a partial left
heart bypass is preferred over the traditional clamp and sew tech-
nique. Simple lacerations or injuries less than 50% of the vessel di-
ameter are best treated with simple arteriorthaphy if accomplished
without significant vessel narrowing. More extensive or destructive
injuries may be repaired with a vein or synthetic patch or resection
and primary anastomosis with or without interposition graft,
depending on the size of the defect. Specific surgical steps and
exposure techniques are discussed elsewhere.'>!16-118 Damage-
control techniques, including temporary intravascular shunts, may
be used''*'?° when appropriate.

Venous injuries are approached similarly to their respec-
tive arteries. Primary repair of the vein is the first choice. If there
is extensive injury, most veins can be ligated without significant
morbidity. A singular injured innominate vein may be ligated,
but ligation of both veins is likely to cause SVC syndrome. Like-
wise, subclavian vein injuries are challenging, and ligation is of-
ten preferable. Pulmonary vein injuries are rare and typically re-
quire cardiopulmonary bypass during operative repair. Injuries
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to the SVC and TIVC are best approached with primary repair,
although extensive injuries may require patch angioplasty with
autologous or bovine pericardium. Most posterior injuries to
the TIVC require venovenous bypass.'!”

Outcomes

What Is the Long-term Prognosis for Patients Treated
by Endovascular Techniques?

Statement: Complications after TEVAR for BTAI are
uncommon but include endoleaks and claudication of the
left arm because of the occlusion of the LSA by the stent
graft. Long-term follow-up data for subclavian and innomi-
nate artery injuries are lacking. GOR 2C

Thoracic endovascular aortic repair—related complications
after BTAI repair have decreased dramatically over time as technol-
ogy has progressed. As discussed previously, the most common
complications relate to LSA occlusion and endoleaks, which occur
in 4% to 9% of patients, of which up to a third require reintervention.
Other long-term complications, including stent migration, col-
lapse, or fracture, are exceedingly rare.*'*!"1** Tmportantly,
long-term data are still relativelzy lacking, and follow-up in this pa-
tient population is poor.'*!'*> In a comparative study from
Taiwan with 100% follow-up over 5 years, TEVAR exhibited
the same long-term survival and reintervention after hospital dis-
charge as open surgery, with a late reintervention rate of 2%.%

Similarly, complications following endovascular repair of
the subclavian artery are rare, including access site PSA, stent
thrombosis, endoleak, and stent migration. However, data on
long-term follow-up are also lacking. **:!07-108:110.111

0!

What Is the Optimal Plan for Postoperative Follow-up?

Statement: After TEVAR for BTAIL, CTA or MRA at
1 month, 12 months, and yearly thereafter is recommended.
There is controversy about the need for frequent imaging sur-
veillance after TEVAR for BTAI because of the risk of excessive
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radiation and the differences between injury and aneurysmal
disease. There are no clear guidelines for follow-up after open
or endovascular repair of the subclavian artery. GOR 2B

The SVS recommends CTA at 1 month, 12 months, and
then annually after TEVAR for BTAI, with shorter interval
follow-up if there is any progression of injury.'*® The ESV'S rec-
ommends CTA or MRA after TEVAR for BTAI at 1 month and
then MRA every year for 5 years.®' However, there is contro-
versy regarding the frequency of surveillance for BTAI patients
given their younger age, the nonprogressive nature of injury (in
contrast to aneurysmal disease), and substantial radiation expo-
sure risks.*>'” Magnetic resonance angiography, if available,
may be preferred for post-TEVAR surveillance, particularly in
younger patients or those with repeated radiation exposure con-
cerns. There is evidence of long-term aortic changes associated
with TEVAR, but the clinical significance of these changes is
unknown."*® The screening decision should involve a patient-
centered discussion between the patient and the surgeon.'**'4
The SVS and ESVS also recommend CTA or MRA every
5 years after open surgical repair of the thoracic aorta, and it
would seem reasonable to apply this recommendation to surveil-
lance after repair of the innominate artery as well. There are no
clear guidelines for follow-up after open or endovascular repair
of the subclavian artery. Given SVS guidelines for lower extrem-
ity arterial procedures, a reasonable regimen would be a physical
examination with brachial-brachial index and Doppler ultra-
sound or repeat CTA at 6 months, 12 months, and annually.'*®

DISCUSSION

Thoracic vascular injury is a rare but highly lethal condi-
tion, and rapid diagnosis is critical. Advances in endovascular
treatment have led to vast improvements in outcomes, particu-
larly for BTAIs. The role of NOM is also expanding, although
universal criteria are still needed regarding which lesions are
the ideal candidates. More research is required to determine
the long-term outcomes and optimum surveillance regimen after
endovascular repair. Penetrating injuries demand rapid assess-
ment and management to control hemorrhage. The trauma sur-
geon should be well versed in performing the appropriate open
exposure techniques to obtain vascular control and facilitate ex-
peditious repair.
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