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 Introduction

Blunt traumatic aortic injury (BTAI) after trauma is an uncommon but lethal entity, 
with incidence of <1% [1, 2]. Information recovered at autopsy suggests that these 
injuries are actually the second-most frequent cause of mortality after blunt trauma 
[3, 4] with the majority of patients expiring prior to arrival at the emergency depart-
ment [5]. Blunt thoracic aortic injury is imparted by significant blunt force trauma 
and is associated with an 85% prehospital mortality [6]. A more recent autopsy 
study of trauma victims identified these injuries as the primary cause of death in 1/3 
of automobile collision mortalities, with 80% of these deaths occurring prior to 
arrival to an emergency department [5]. Motor vehicle collisions (>70%) appear to 
comprise the majority of mechanisms contributing to this specific injury, followed 
by motorcycle collisions, struck pedestrians, and falls [7, 8].

Numerous pathophysiologic mechanisms have been proposed as causative with 
regard to BTAI—including shear, torsion, pinch, stretch, and hydrostatic forces. A 
combination of such mechanical forces, however, is likely at play in the types of 
deceleration injury observed [4]. The location of the injury is consistent anatomi-
cally. More than 60% of blunt aortic injuries occur at the aortic isthmus where the 
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fixed descending thoracic aorta meets the relatively mobile aortic arch [5]. This 
results in significant strain in the setting of abrupt deceleration. Blunt thoracic aortic 
injuries less commonly occur at other locations: the ascending aorta (8–27%), aortic 
arch (8–18%), and distal descending aorta (11–21%) [5, 6, 9–12].

Historically, the American Association of Surgery for Trauma (AAST) classified 
thoracic vascular injuries based on the type of artery and the extent of arterial cir-
cumference involved [13], but this system fails to adequately characterize these 
heterogeneous lesions. The current most commonly utilized grading system—pro-
posed by Azzizadeh et al. [14] and later adopted by the Society for Vascular Surgery 
(SVS) in its clinical practice guidelines for BTAI management [15]—describes 
BTAI as a spectrum of lesions based on the anatomical layers of the aorta involved. 
These include intimal tear (grade I), intramural hematoma (grade II), pseudoaneu-
rysm (III), and full-thickness injury resulting in frank rupture (IV) [14, 15].

The treatment of BTAI patients who survive to reach care has evolved consider-
ably over the past several decades. Traditionally, early open repair was the mainstay 
of intervention. In recent years, however, initial medical management with delayed 
thoracic endovascular aortic repair (TEVAR) has emerged as the preferred treat-
ment paradigm for patients with these injuries and appropriate anatomy and physi-
ology conducive to this modality [7, 14–28].

 Presentation and Workup

BTAI patients may be asymptomatic or may experience a range of symptoms 
including chest pain radiating to neck, back, or shoulder. Patients may be hemody-
namically normal or present in obvious shock [29]. Anteroposterior chest X-ray is 
the initial diagnostic test of choice. A widened or otherwise abnormal-appearing 
mediastinum may be seen in up to 93% of patients with BTAI [30, 31]. Pathologic 
widening of the mediastinum is defined as a mediastinal silhouette of >8 cm at the 
level of the aortic knob or a width at the same level that exceeds 25% of the total 
chest width [30, 31] (Fig. 1). Other suggestive radiographic findings include left 

Fig. 1 Widened 
mediastinum on 
anteroposterior chest X-ray

A. Romagnoli et al.



229

pleural effusion, first and second rib fractures, tracheal deviation, depressed left 
bronchus, an indistinct aortic knob, or apical capping [30, 31]. Patients with any of 
these abnormalities visualized on chest X-ray should undergo additional imaging, 
especially in the setting of a suspicious mechanism of injury. Importantly, a normal 
chest X-ray has a low sensitivity in the diagnosis of thoracic aortic injury and con-
sequently should not be used to definitively exclude the diagnosis [32].

Computed tomographic angiography (CTA), with its high sensitivity (95–100%) 
and negative predictive value (99–100%) is the diagnostic test of choice for blunt 
thoracic aortic injury [9, 33–35] (Fig. 2). This imaging technology and improved 
trauma imaging protocols have supplanted traditional catheter-based angiography 
as the most efficient means of  identifying BTAI. It is important to appreciate 
that false positives using this modality are not uncommon with low-grade injuries. 
There is evidence as well that CTA may have limitations—particularly in the detec-
tion of minor injuries. In one examination of patients undergoing formal angiogra-
phy after CTA, Bruckner et al. found that CTA had a specificity of only 40% and a 
positive predictive value of only 15% [35]. This study is, however, now over a 
decade old; continued improvements in computed tomography imaging capabilities 
and trauma imaging protocols have improved the utility of modern CTA for the 
accurate detection and precise characterization of BTAI. Most subsequent studies 
have validated well the utilization of CTA after trauma due to the high sensitivity 
and ability to exclude BTAI with a very high negative predictive value [33–35].

Fig. 2 Computed 
tomography angiography 
demonstrating grade 
III injury
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If the diagnosis remains unclear after CTA, formal angiography and transesopha-
geal echocardiogram [36] are both established methods of evaluating a patient for 
BTAI (Fig. 3). Intravascular ultrasound (IVUS), an emerging ultrasound capability, 
has also proven a reliable and sensitive tool in this setting, especially useful for the 
more precise characterization of minor injuries [37] (Fig. 4). While IVUS negates 

Fig. 3 Preintervention 
grade III BTAI 
demonstrated on contrast 
angiography

Fig. 4 Intravascular 
ultrasound (IVUS) 
demonstrating 
grade II BTAI
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the need for the volume of intravascular contrast required by traditional angiogra-
phy and decreases radiation exposure, it is predicated upon additional equipment, 
expertise, and placement of a slightly larger vascular sheath. This modality holds 
promise, as IVUS has demonstrated improved sensitivity over angiography [36, 37] 
for diagnosis of BTAI in several series.

 Management: Medical

Immediate management of all BTAI injuries includes aggressive blood pressure 
control. Effective pharmacologic suppression of aortic pressure fluctuations is used 
to reduce impulse and stress on the injured aortic wall. This has been reported to 
decrease the risk of aortic rupture after BTAI from 12% to 1.5% [38]. SVS grade 1 
injuries can be treated by medical management alone. For higher-grade injuries, 
SVS guidelines recommend medical management as a bridge to subsequent repair 
[15]. Some groups have reported successful nonoperative management of both 
grade I and grade II injuries finding that only 5% advanced [22]. Optimal blood 
pressure control regimen is not well established, with protocols varying by institu-
tion. Esmolol is often chosen due to its short half-life and titratability. For example, 
Fabian et al. reported the use of intravenous beta-blockers (esmolol or labetalol), 
titrated to a systolic blood pressure <100  mmHg and heart rate <100  bpm. 
Nitroprusside was added if adequate blood pressure control could not be obtained 
with beta-blockade alone [39].

Polytrauma patients with competing injury priorities may have contraindications 
to maintaining hemodynamics within these parameters. In the setting of traumatic 
brain and spinal cord injury, maximal neurologic recovery is predicated on mainte-
nance of adequate vertebral and spinal cord perfusion pressures. This may necessi-
tate use of vasopressors to maintain an elevated peripheral blood pressure, which is 
in direct contradistinction to medical management of BTAI. The heterogeneity of 
trauma patients and competing injury priorities requires close cooperation with 
trauma and neurosurgical providers in a multidisciplinary approach to determine if 
early endovascular repair for lower-grade BTAI is warranted.

Patients undergoing medical management of their BTAI must be closely moni-
tored. Providers must be vigilant for the manifestation of obvious signs of malperfu-
sion or possible early progression of injury among those selected for medical 
management of BTAI. With effective monitoring and in-patient imaging follow-up, 
however, progression of these injuries can be detected early and intervened upon 
safely. In the largest retrospective multicenter series of BTAI to date, the Aortic 
Trauma Foundation (ATF) reported that medical therapy alone was selected for 
32.2% of BTAI patients. Only two in-hospital failures of medical therapy were 
noted in this population, both undergoing endovascular salvage without subsequent 
complication [16].

Upon diagnosis of BTAI, anti-impulse medications should be initiated in the 
absence of contraindication. Although SVS clinical practice guidelines recommend 
urgent (<24 h) repair [15], several large series suggest that delayed therapy is well 
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tolerated and may be associated with improved outcomes. In one of the largest 
series on the topic, comparison of patients undergoing early endovascular (<24 h) 
and delayed endovascular (>24 h) repair showed a significantly lower mortality rate 
in the delayed group compared to those patients subjected to early repair (5.8% vs. 
16.5%, p = 0.034) [19].

 Open Repair

Early case reports of blunt traumatic aortic injury initially appeared in the literature 
in the 1960s. Early repairs were performed through left posterolateral thoracotomy 
with left atrium to femoral artery bypass [40] or via left posterolateral thoracotomy 
without bypass [41].

In the modern day, when open repair is required, a variety of approaches can be 
considered depending on the site and length of the descending thoracic aorta 
involved. A left posterolateral thoracotomy through the fourth interspace is usually 
the most expedient approach, as this provides excellent access to the area of the 
aortic isthmus where the majority of these injuries occur. This exposure is the most 
commonly described when employing the “clamp and sew” technique required by 
emergent repair or when extracorporeal support is not feasible or available. In the 
context of this approach, the chest is opened with the initial objective to rapidly 
acquire proximal and distal control around the area of injured thoracic aorta. The 
proximal clamp is typically applied between the left common carotid and left sub-
clavian arteries, while the distal clamp is placed at some point on the distal descend-
ing thoracic aorta distal to the zone of injury.

While the clamp and sew technique has been demonstrated to be a safe method 
of operative management of BTAI [42], depending on the clinical scenario and 
patient condition, a distal aortic perfusion strategy should be employed to improve 
tolerance of proximal aortic clamping. The most expeditious technique for estab-
lishing distal aortic perfusion is “left-sided bypass,” which can be performed 
through cannulation of the left inferior pulmonary vein and distal thoracic aorta. 
Rarely, the proximal clamp positioning is untenable. In this scenario, full cardiopul-
monary bypass (CPB) is advisable, commonly through a femoral artery and a femo-
ral vein cannulation. If total circulatory arrest is warranted, then careful venting of 
the left ventricle during times of cooling and rewarming is crucial.

In the setting of multiply injured trauma patient with competing injury priori-
ties, the need for systemic anticoagulation with the use of bypass utilized in open 
repair is problematic. When left-sided bypass is performed, an activated clotting 
time >200 s is targeted; when full cardiopulmonary bypass is required, an acti-
vated clotting time >480 s is targeted [43]. Once the patient is on bypass and the 
perfusion circuit has appropriate flows, the periaortic hematoma is incised, the 
extent of injury is defined, and the aortic repair is undertaken. It is paramount that 
the aortic adventitia is incorporated into the subsequent suture lines, as this layer 
provides most of the tensile strength of the aorta. The patient is gradually rewarmed 
during the latter phase of the anastomosis to facilitate removal of the clamps at a 
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moderate degree of hypothermia (32–34 °C). Once the clamps are off, the patient 
is weaned from bypass until adequate hemostasis is achieved and the wound 
is closed.

A significant consideration when undertaking open BTAI repair is spinal cord 
protection and the importance of distal aortic perfusion in minimizing the risk of 
postoperative paraplegia [44]. Several potential strategies to mitigate this risk have 
been described in the literature [45–49]. The most significant contributor to spinal 
cord ischemia as a result of aortic clamping is the occlusion of critical segmental 
spinal cord arterial branches originating from the distal thoracic aorta. Important 
factors in determining the incidence of immediate onset or delayed paraplegia fol-
lowing aortic repair include duration of cross-clamping, level and length of aortic 
segment excluded by clamping, duration of systemic hypotension, cerebrospinal 
fluid pressure, distal aortic pressure, and the number of intercostals ligated during 
repair [50]. Multiple adjuncts have helped lower the incidence of paraplegia follow-
ing aortic repair for BTAI, including cerebrospinal fluid drainage, administration of 
steroids, generalized and localized hypothermia, and reimplantation of key intercos-
tal arteries during the repair [47–50].

 Management-Endovascular Repair

Endovascular repair has emerged as the mainstay of treatment of blunt thoracic 
aortic injuries. The first endovascular device, thoracic aortic graft (TAG) (W.L. Gore 
& Associates, Flagstaff, AZ), approved by the US Food and Drug Administration 
(FDA) for the treatment of thoracic aortic aneurysms was introduced in 2005. This 
device was utilized off-label for treatment of BTAI that same year [14]. The initial 
capabilities of this device limited TEVAR application to patients with a minimum 
aortic diameter of 23 mm. The subsequent approval of smaller diameter delivery 
systems, including the Talent (Medtronic, Santa Rosa, CA) and TX2 (Bloomington, 
IN) devices in 2008, made TEVAR feasible for a broader range of patients when 
employed in “off-label” fashion. The later introduction, and FDA approval for BTAI 
treatment, of two additional devices, CTAG (W.L. Gore, Flagstaff, AZ) and Valiant 
(Medtronic, Santa Rosa, CA), have further increased the tools available for defini-
tive treatment of these injuries by effective endovascular means. In the largest mul-
ticenter retrospective BTAI examination to date conducted by the Aortic Trauma 
Foundation (ATF), TEVAR was utilized for 76.4% of the 382 BTAI patients studied, 
with only 23.6% requiring open repair during the study period [16].

A prospective, nonrandomized, multicenter trial utilizing Medtronic Valiant 
stents in 50 patients with blunt thoracic aortic injury (RESCUE trial) reported 100% 
successful device delivery and deployment, and 30-day all-cause mortality of 8.0%, 
which compares favorably to the previously reported 13% [51]. A recent American 
College of Surgeons National Trauma Databank review demonstrated a 196.8% 
increase in diagnosis of BTAI over the reviewed decade with a marked increase in 
TEVAR repair of BTAI, following FDA approval of capable endovascular devices 
(0.0 vs. 94.9% p < 0.001) overall [52].
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The patient is prepped and draped such that both groins can be accessed and 
that the chest and abdomen may be rapidly entered if the procedure must convert 
to open. Femoral access is obtained and an arch aortogram is performed to con-
firm the location and characteristics of the injury. The cerebrovascular anatomy is 
evaluated with attention paid to determine if the take-off of the left subclavian 
artery will need to be covered in order to obtain an adequate proximal seal. IVUS 
can be utilized selectively based on the discretion of the attending surgeon and 
institutional capabilities to provide similar actionable information. Depending on 
the chosen device, most require femoral access with a sheath ranging in size from 
20 to 24 F (6.67–8 mm) although lower profile devices (16 Fr) are now emerging 
on the market. These large-caliber devices can be challenging to place in the rela-
tively small iliofemoral arteries of young trauma patients. The diameter of conduit 
vessels in this population is often less than 7 mm. Small iliac artery size has been 
demonstrated to be an independent risk factor for development of iliofemoral 
complications including dissection, rupture, and hematoma formation following 
TEVAR [53].

Heparin is administered using a weight-based protocol if there are no contra-
indications. In some situations a smaller dose of heparin (3000–5000 units) may 
be utilized. On occasion, as in patients with concomitant severe brain injury, 
anticoagulation use may represent a prohibitive risk. In these situations, thought-
ful discussion with the other stakeholders of trauma patient care—including 
trauma surgeons and neurosurgical team members—must be undertaken in order 
to realistically balance the risk of thromboembolic complications for the limb 
that will occur without anticoagulation against the bleeding risk in the specific 
patient.

The thoracic device to be utilized for repair is selected, using CTA or angio-
graphic images according to the manufacturer’s sizing recommendations. Most 
commonly measurements are made based on two-dimensional, thin-cut axial CT 
scans with IV contrast. Once selected, the device is delivered and deployed using 
standard techniques without any pharmacological adjunct; extension pieces may be 
deployed as indicated but are not routinely required for these injuries (Fig.  5). 
Aggressive distal extension of the TEVAR device is likely to significantly increase 
the risk for subsequent spinal cord ischemia.

The subclavian artery may be covered as needed to obtain a proximal landing 
zone or gain better apposition with the lesser curvature of the aortic arch. Although 
this coverage does represent a theoretical increase in risk for malperfusion of the 
arm and vertebrobasilar steal postoperatively, a wealth of data suggests that BTAI 
patients will routinely tolerate LSCA coverage [54]. Post-deployment balloon 
angioplasty is performed only very selectively when there is significant incomplete 
apposition of the graft at the proximal landing zone noted. Heparin is then reversed 
with protamine at the surgeon’s discretion. Postoperatively, patients are returned to 
the surgical-trauma intensive care unit and discharged following stabilization of 
their other injuries.
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 When Is Open Repair Indicated in the Age of TEVAR?

Clinical Practice Guidelines from the Society for Vascular Surgery state that “endo-
vascular repair be performed preferentially over open surgical repair or non- 
operative management” [15].

A surgical repair is required if endovascular capabilities are unavailable or if a 
patient’s anatomy is unsuitable for TEVAR. In the modern era, open repair is indi-
cated when the patient shows signs of hemodynamic compromise and the need for 
emergent intervention when at a facility that does not have the capability to mobi-
lize endovascular resources in an expedient fashion; local factors such as hybrid 
rooms, equipment, and surgical expertise come into play. A critical determinant of 
the need for open repair is the absence of an adequate proximal landing zone to 
allow for proper “seal” of the site of injury by the device. Arch aortogram is gener-
ally performed at the beginning of the procedure to delineate cerebrovascular anat-
omy. As outlined, left subclavian coverage is a frequently employed maneuver in 
TEVAR for BTAI, required in approximately 40% of patients [16]. Left arm claudi-
cation and vertebrobasilar insufficiency are potential sequelae of left subclavian 
artery coverage that must be assessed postoperatively. Data suggests, however, that 
the majority of patients requiring left subclavian artery coverage will have good 
short- and mid-term outcomes with regard to physical and mental health, without 
the need for subsequent bypass [16, 54]. Hybrid approaches utilizing planned 

a b

Fig. 5 (a) Grade IV BTAI prior to intervention. (b) Grade IV BTAI after TEVAR
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carotid-carotid or carotid-subclavian bypasses may be utilized to provide for even 
more proximal coverage when the anatomy of injury treatment requires it. Within 
the last several years, more advanced thoracic branched endoprosthetics have begun 
to be utilized for treatment of aortic arch aneurysms [55]. As the vascular commu-
nity becomes more familiar with these novel devices, even more patients with 
BTAIs will become safe candidates for endovascular-alone management of more 
proximal lesions.

Current data suggest that in comparison to open repair, TEVAR reduces early 
death, paraplegia, renal insufficiency, transfusions, reoperation for bleeding, cardiac 
complications, pneumonia, and length of hospital stay [19, 20]. The common con-
cerns for paralysis and stroke that have been associated with open repair appear to 
be mitigated with the use of TEVAR. In the Aortic Trauma Foundation multicenter 
study of 382 BTAI patients, only 1 paralysis following TEVAR was noted, occur-
ring in an 81-year-old male requiring 20 cm device coverage of the thoracic aorta. 
Likewise, stroke was a very rare occurrence, identified in only 2 patients, ages 62 
and 85. Both required coverage of the left subclavian artery to facilitate 
TEVAR. These findings support the safety profile for TEVAR in the setting of BTAI, 
but suggest that older patients with possible native atherosclerotic disease and BTAI 
patterns requiring more extensive endograft coverage may have increased risk for 
these ischemic complications [16].

Access- and device-related complications also appear to be rare sequelae of 
TEVAR in contemporary practice. This improvement in safety profile has emerged 
as a benefit of increased experience and improvements in device technology. In the 
older 2008 report of the AAST BTAI study group, the investigators noted a signifi-
cant rate of specific TEVAR-related complications. Demetriades and his group 
found that 18.4% of patients undergoing TEVAR had some form of stent graft- 
specific complication, most notably endoleak at 13.6% [20]. However, the Aortic 
Trauma Foundation study group has more recently reported a significantly lower 
rate of TEVAR-related complications. Of 382 BTAI patients, 6 malpositions of 
endograft at initial TEVAR occurred (3.0%) with a 2.5% post-TEVAR endoleak 
rate. Only one delayed stent migration was noted. Additionally, only two access site 
complications (one pseudoaneurysm, one bleeding requiring intervention) were 
identified. Among the six defined TEVAR treatment failures encountered in this 
large series, all underwent subsequent salvage with reintervention (two repeat 
TEVAR, four open repair).

The ATF study group identified only one patient treated with repeat TEVAR who 
suffered aortic-related mortality. No other mortalities were observed among the 
TEVAR failures [16]. Although increasingly rare in the modern era, it is important 
to note that complications during or after TEVAR remain possible in specific set-
tings. Excessive oversizing or undersizing of endografts can lead to propagation of 
aortic injury or failure to achieve adequate seal. Patient-specific anatomical issues 
may also contribute, including the presence of a tight curvature of the aortic arch, 
native atherosclerotic disease, and the previously mentioned diameter limitations of 
iliac access vessels.
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 Is TEVAR the Answer for All Injuries?

The current SVS guidelines for BTAI management [15] published in 2011 were 
intended to provide an evidence-based, consensus-derived grading system and sug-
gested course of treatment for BTAI. These guidelines still represent the most compre-
hensive effort in BTAI care optimization recommendations. The SVS guidelines do 
have some limitations and are specific to the aortic lesion alone. Under the SVS 2011 
recommendations, grade I injuries are to be treated medically in patients without con-
traindication to the required anti-impulse blood pressure control. In a recent study by 
Osgood et al. [22], of 49 grade I and II injuries, investigators found that only 5% of 
these lesions advanced in grade on serial imaging. While there remains a need for addi-
tional studies to establish the relative risk of medical management verse TEVAR for 
these lower grade injuries, we have recently adopted a more selective approach to treat-
ment of grade II injuries, managing some with medical therapy and serial imaging 
alone. In our present practice, grade II injuries deemed to require TEVAR and all grade 
III injuries are candidates for urgent repair via TEVAR. Grade IV injuries are trans-
ported expeditiously to the operating room for emergent repair, ideally by TEVAR [14].

Optimal management of patients with lower grade BTAI has recently emerged as 
a topic of considerable debate. Some group investigators have suggested that SVS 
grade I and II “minimal aortic injuries” do not universally require TEVAR [56–58]. 
The inclusion of SVS grade II injuries in this category conflicts with the present 
SVS clinical practice guidelines. In contrast, however, the findings from research 
conducted at several high-volume centers suggest that medical management with 
surveillance is a safe approach to BTAI treatment for patients in these categories 
[57, 58]. Ideal follow-up among patients selected for medical management and the 
natural history of SVS grade II injuries left untreated has not, however, been well 
established. Considering the small number of grade II injuries that present to each 
center on a yearly basis, properly addressing this issue will likely require a multi- 
institutional prospective study.

The ideal timing of BTAI treatment is another issue that requires further study. 
The results of the AAST Aortic Injury Study Group, reported in 2008, suggested 
that improved outcomes were associated with initial medical management including 
blood pressure and pulse pressure optimization. This group found that patients 
treated after a delayed (>24 h) period of optimization had improved survival com-
pared to BTAI patients treated operatively within <24 h. However, there remains a 
need to adequately define whether there are specific risk factors associated with 
BTAI that represent a higher risk for early aortic rupture. If identified, these risk 
factors may inform considerations for more emergent timing of repair [19].

The long-term durability of these implanted endovascular devices for BTAI 
treatment also requires ongoing investigation. Improved conformability to aortic 
contour and various fixation element changes are attractive features of modern 
devices, but the impact of these design features on long-term integrity of the devices 
is not yet determined. Optimal graft sizing and graft utilization in patients with 
small aortic and iliac diameters are also inadequately studied issues. These 
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challenges are exacerbated by the fact that optimal device indications and utilization 
have primarily been subjected only to industry-funded study, with associated inher-
ent study bias potential. These issues require more objective investigation in a large, 
multicenter fashion.

The careful study of these issues also requires the foundation of a common ver-
nacular to describe and categorize BTAI. The SVS grading system and associated 
guidelines for care are now widely utilized, but it is important to note that alternate 
algorithms have been proposed. Both the Vancouver simplified grading system [56] 
and the alternate classification scheme proposed by Starnes et al. [57, 58] have sug-
gested that additional elements of imaging specific to BTAI may be of importance 
in guiding therapy. These groups have suggested that aortic lesion dimension mea-
surements, which are not included in SVS criteria, are critical in determining the 
need for TEVAR. Initial work by investigators at the University of Maryland [23] 
has also demonstrated that associated secondary signs of injury are likely important 
for consideration. Specifically, this group has highlighted that the presence of exten-
sive mediastinal hematoma and large left hemothorax may forecast impending aor-
tic rupture. More recently, additional work by the Maryland group suggests that 
other markers of injury burden, including admission lactate, may also be predictive 
of early aortic adverse events [25].

A recent review of prospective trauma registry data suggests that limited aortic 
injury (grade I and II) may successfully be managed medically with observed com-
plete resolution in approximately 8 weeks [59]. The routine employment of the SVS 
algorithm which prescribes liberal TEVAR for treatment of grade II injuries [15] 
may, subsequently, contribute to the overtreatment a significant number of injuries.

 Conclusion

The future challenge for additional study of BTAI is to determine the ability to rec-
oncile alternative viewpoints with those of the existing SVS BTAI grading system 
and treatment guidelines. The development and implementation of a consensus grad-
ing system and treatment algorithm for the management of BTAI patients is a chal-
lenging enterprise given the relative rarity of the disease process and the complexity 
and heterogeneity of the patient population. It will require a multi- institutional cohort 
of professionals and improved data on the diagnosis, management, and long-term 
outcomes of BTAI. In the interim, the data suggests that initial medical management 
is appropriate for most lower-grade injuries and that, among those requiring repair, 
delayed TEVAR should be the intervention of choice.
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