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Developments in diagnosis and treatment have transformed the management of blunt thoracic aortic injuries (BTAITs).
For patients in stable condition, treatment practice has shifted from early open repair to nonoperative management for
low-grade lesions and routine delayed endovascular repair for more significant injuries. However, effective therapy
depends on accurate staging of injury grade and stability to select patients for appropriate management. Recent
developments in BTAI risk stratification enable lesion-specific management tailored to the patient and aortic lesion. This
review summarizes advances in lesion assessment and treatment and proposes an integrated scheme for the modern

management of BTAI (J Vasc Surg 2016;64:500-5.)

Among blunt trauma patients, thoracic aortic injury is
the second leading cause of death after head injury.'
Most victims die in the field,"? and the historical manage-
ment paradigm for those admitted to the hospital has been
framed by the seminal autopsy study of Parmley et al that
described invariable progression to aortic rupture.’
Screening chest radiography for blunt thoracic aortic injury
(BTAI) was performed, with subsequent aortography in
those suspected of having aortic injury.’ Because of the
perceived high risk of impending rupture, the standard of
care for BTAI until recently was early open aortic repair,*
which was associated with considerable operative morbidity
and mortality."*¢

The management of BTAI has evolved significantly
during the past decade, particularly regarding injury
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diagnosis, medical therapy, and, for patients requiring
repair, the selection, timing, and technique for aortic inter-
vention. Computed tomography (CT) angiography
enables rapid screening and planning for intervention,
whereas anti-impulse therapy with beta-blockade limits
injury progression.”” In large part owing to better charac-
terization of specific lesions by CT and the ability to medi-
cally stabilize the aorta, nonoperative management of
selected BTAIs and delayed repair (after 48 hours from
injury) of more significant lesions have become routine
and preferred; contrary to historic practice, few aortic in-
juries undergo early repair.”*! These strategies represent
a paradigm shift in the understanding of the natural history
of BTAL'? The purpose of this review is to summarize the
evolution of nonoperative and delayed repair strategies for
BTALI in adults and recent developments in selection of pa-
tients for lesion-specific management.

TRADITIONAL MANAGEMENT OF BTAI

In their extensive autopsy analysis published in 1958,
Parmley et al recognized that most blunt aortic trauma led
to vessel rupture at the time of injury. For lesions that
remained intact, the suggested natural history was progres-
sion and subsequent aortic rupture.® The latter assumption
dictated an aggressive operative approach for patients with
BTALI for the next five decades. Accordingly, screening chest
radiography was performed for blunt trauma patients pre-
senting after a significant mechanism of injury to evaluate
for signs of BTAI, including mediastinal widening, displace-
ment of mediastinal structures, and obscured aortic knob or
aortopulmonary window. Contrast aortography was indi-
cated in the presence of such findings to confirm or to
exclude BTAI Unless contraindicated by severe polytrauma
or concurrent life-threatening injuries, expeditious surgical
repair was standard.™*
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Techniques for operative repair of BTAI evolved since
Parmley’s seminal work.® The “clamp and sew” method,
although simple and expeditious, was associated with
mortality and paraplegia rates of 16% to 31% and 10% to
23%, respectively. The addition of active distal perfusion
with cardiopulmonary bypass improved operative outcomes
and reduced paraplegia, presumably because of improved
spinal cord perfusion pressure during aortic cross-clamping.
However, open repair under these circumstances continued
to entail substantial in-hospital mortality.*'*'* National
outcomes for open BTAI repair were evaluated in the
first American Association for the Surgery of Trauma
(AAST-1, 1994-1996) aortic injury study. Although most
repairs were performed using active or passive distal perfu-
sion, 9% of patients developed paraplegia, and inpatient
mortality was 31% and was predominantly aortic related.’®
In this context, delayed repair arose as a reasonable alter-
native to early open repair in patients with severe con-
current injuries or comorbidities associated with prohibitive
operative risk.

INITTIAL EXPERIENCE WITH DELAYED REPAIR
AND NONOPERATIVE MANAGEMENT

Prompt aortic repair on diagnosis was common prac-
tice and standard therapy for BTAI through the ecarly
2000s.* The average time from admission to thoracotomy
was 15 hours in AAST-1, and guidelines from the Eastern
Association for the Surgery of Trauma (EAST) recommen-
ded early repair unless there were competing management
priorities.*® Nonoperative management of patients who
had prohibitive comorbidities to undergo thoracotomy or
were too unstable from other injuries led to early experi-
ence with medical therapy for BTAIL Provided they could
tolerate beta-blockade for heart rate and blood pressure
control, no patients progressed to aortic rupture awaiting
repair, and some remained stable without definitive
intervention.”**"1

This observation broadly reflects the natural history of
BTAI, namely, most deaths occur at the scene, and patients
surviving to admission have been automatically selected for
a variable degree of aortic stability.>®'” Indeed, even
Parmley recognized “that the natural course of traumatic
aortic aneurysms may be prolonged and before surgical
treatment is decided upon its risks must be carefully evalu-
ated.” Given that most patients with BTAI have signifi-
cant concurrent trauma, medical therapy either as
definitive treatment or as a bridge to delayed repair enabled
stabilization and treatment of other life-threatening in-
juries.>>1%!% In early experiences, no patients receiving
blood pressure control progressed to aortic rupture.
Aortic-related mortality among patients subsequently un-
dergoing delayed repair was low (0%-14%), and long-
term follow-up of those managed nonoperatively reported
no late ruptures or lesion progression.”!>1

In more recent surveys, delayed repair became norma-
tive and associated with better outcomes. Between AAST-1
and AAST-2, the mean time from admission to aortic repair
increased from 15 to 55 hours, and patients having delayed
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repair in AAST-2 had 65% lower mortality.>'® Delayed
repair allows stabilization of other critical injuries and
may enable repair under optimized circumstances, such as
the ability to administer anticoagulation to patients who
initially present with major bleeding.

Single-institution series support the benefit and safety
of delayed repair and indicate that it may have a specific
benefit in patients with BTAI and traumatic brain
injury.'®'?*% Recognizing this, updated EAST guidelines
endorsed delayed repair when possible, provided patients
are candidates for preoperative anti-impulse therapy.'!
Similarly, nonoperative management of low-grade lesions
became common practice. In a recent multicenter study
by DuBose et al, one-third of patients with BTAI were
managed without aortic repair.'’ In Canada, despite stable
incidence, the rate of aortic repair has decreased from 55%
in 2002 to 36% in 2010, a trend that coincided with a
decrease in BTAI-related mortality.® However, safely
selecting patients for nonoperative management or delayed
repair is challenging and requires accurate assessment of
lesion grade and stability.

LESION ASSESSMENT AND RISK
STRATIFICATION

Advances in imaging techniques, particularly CT angi-
ography, have helped define BTAI as a continuum demon-
strating a spectrum of lesions with varying severity and
natural histories. Several characteristics make contrast CT
the best screening and diagnostic test for BTAIL"!
including 100% sensitivity, specificity that matches or
exceeds that of conventional aortography, inclusion in a
whole-body protocol to detect other injuries, and
ability to plan for thoracic endovascular aortic repair
(TEVAR)."7-112122 Berween AAST-1 and AAST-2, the
primary modality for BTAI diagnosis shifted away
from aortography (87% in AAST-1) to CT (93% in
AAST-2).>® CT is able to detect intimal injuries, which
are defined by an intimal defect and no external aortic con-
tour abnormality and represent the most limited type of
BTAL?® These constitute low-grade or minimal aortic
injuries together with intramural lesions."*® Although
minimal aortic injuries are diagnosed by modern imaging
techniques with increasing frequency, in the era of chest
radiographic screening and selective diagnostic aortog-
raphy, they were clinically occult.”*

Follow-up imaging of minimal aortic injuries indicates
a high rate of resolution and low rate of progression to
more severe injury.”**° % For example, in a series of 43
patients with low-grade lesions and medium-term follow-
up imaging reported by Osgood et al, 55% of lesions
resolved and 40% remained stable. Progression to a higher
grade injury occurred in two patients, but late intervention
was not required.?” Similarly, of 91 patients with low-grade
BTAI managed nonoperatively in the DuBose study, only
one patient required salvage aortic repair and no patients
died of aortic rupture.'’ Indeed, current Society for
Vascular Surgery guidelines support nonoperative manage-
ment and radiographic surveillance of intimal lesions.*’
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Table I. Summary of blunt thoracic aortic injury (BTAI) grading scales

Classification system

Lesion svs Stanford™ Presley™ Vancouver™ Shock trauma™ Harborview'”

Isolated MH I

Intraluminal defect

Intimal injury I II IIa I <l cm I I

IIb with MH II: > 1 cm
Mural hematoma or 11 111 1
defect

Pseudoaneurysm III IV: <50% ITa: <1 cm III 1I: <50% I

circumference IIb: <1 cm + MH circumference
V: >50% IIa: >1 cm III: >50%
circumference IIIb: >1 c¢cm and circumference
proximal to LSCA
Rupture /transection v v v v

LSCA, Left subclavian artery; MH, mediastinal hematoma; SV, Society for Vascular Surgery.
For each grading system, injury grades, denoted by Roman numerals, are mapped to specific aortic lesions. Blank cells indicate a lesion not included in

the scale.

Table II. Risk factors associated with traumatic aortic pseudoaneurysm instability

Risk factors

Study Admission physiology

Pseudoaneurysm size

Mediastinal hematoma

Starnes et 9{1_17 SBP <90 mm Hg N/A
Rabin et al™ N/A =50% aortic circumference
Harris et al*” Lactate >4 mM >1.4 x normal aortic diameter

>15 mm at the aortic arch

Hematoma with mass effect, aortic pseudocoarctation,
or left hemothorax

>10 mm at posterior descending aorta

N/A, Not applicable; SBP, systolic blood pressure.

More extensive aortic disruption results in formation of
a traumatic pseudoaneurysm,>** which is defined by focal,
contained aortic dilation resulting in an external contour
abnormality.®'”>***3 Whereas pseudoaneurysms are associ-
ated with aortic-related morbidity and mortality because of
greater potential for progression to rupture,™*'” some
remain stable and have been successfully managed nonop-
eratively.'-1¢-?7:30:34 3¢ For example, Rabin et al reported a
nonoperative management rate of 28% (17,/59) for un-
complicated pseudoaneurysms, with no aortic mortality.*
Similarly, in preliminary data from Osgood et al, 24%
(37/153) of patients with pseudoaneurysms were managed
medically, although one patient with a larger lesion subse-
quently ruptured and died.** Complete aortic disruption
represents the most severe form of BTAI and occurs by
primary transection or from rupture of an unstable lesion.
Although these patients frequently present in extremis, a
contained rupture may stabilize and enable survival to
diagnosis and emergency intervention.?®3%3°

The spectrum of blunt aortic trauma is graded by
several CT-based scales that describe the anatomic severity
of the injury (Table 1).!7%29:33:35:37 Eor example, the
system described by Azizzadeh et al and subsequently
adopted by the Society for Vascular Surgery has four
grades: I, intimal tear; IT, intramural hematoma; III, pseu-
doaneurysm; and IV, rupture.*"*” Other schemes, such as
those by the Vancouver, Presley, Stanford, and Maryland

Shock Trauma groups, further stratify pseudoaneurysms
according to size.’”***° In contrast, a simplified system
was proposed by Starnes et al that classifies injuries as min-
imal or significant according to the presence of an external
aortic contour abnormality.'”

However, categorizing BTAI by grade does not accu-
rately predict stability or guide therapy.®® In particular,
despite being high-grade injuries, pseudoaneurysms may
remain stable. Analyses by the Maryland Shock Trauma
and Harborview groups have evaluated BTAI features asso-
ciated with aortic-related mortality. In a study of clinical
and CT characteristics associated with death from aortic
injury, Starnes et al identified that hypotension (systolic
blood pressure <90 mm Hg) and a large mediastinal hema-
toma (>15 mm at the aortic arch) were independent risk
factors for mortality.'” Similarly, for patients with large
pseudoaneurysms (>50% circumference), Rabin et al found
that mediastinal hematoma resulting in mass effect, aortic
pseudocoarctation, and extensive left hemothorax were
high-risk findings that should prompt urgent aortic repair
as soon as feasible on the basis of concurrent management
priorities.*

Harris et al specifically evaluated factors associated with
traumatic aortic pseudoancurysm instability.*” Patients
with pseudoaneurysms presenting in stable condition
who either remained stable without aortic intervention
for at least 48 hours or progressed to rupture were
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Aortic Injury on CT

Medical Therapy'

Assess Grade

Intimal/mural lesion Pseudoaneurysm Rupture
Assess Stability?
N
Low Risk High Risk
Size®
/ \
Small Large
Non-Operative Delayed Repair Urgent Repair Emergent Repair

Fig. Suggested management of blunt thoracic aortic injury (BTAI) based on injury staging. ! Antiplatelet therapy and
beta-blockade targeting a systolic blood pressure of 100 to 120 mm Hg and heart rate of 60 to 90 beats/min with
additional antihypertensive agents as required for blood pressure control; repeated computed tomography (C7T) within
48 to 72 hours for patients managed nonoperatively or by delayed repair to assess stability. ZHigh-risk factors include
two or more of the following: signs of hypotension, large pseudoaneurysm, and extensive mediastinal hematoma (refer
to Table IT). *Small defined as <50% aortic circumference or <1 c¢m in maximal dimension.

analyzed, enabling comparison of high-grade, stable
injuries vs similarly graded but unstable lesions. Analysis
of clinical and radiographic variables demonstrated that
large pseudoaneurysms (>1.4 x normal aortic diameter),
extensive mediastinal hematoma (>10 mm along
the descending aorta), and admission serum lactate con-
centration (>4 mM) were independently associated with
subsequent aortic rupture. Patients who progressed to
rupture were identified by the presence of two or more
of these factors with 100% sensitivity and 84% specificity.
The overall accuracy of this risk assessment score was signif-
icantly higher than blinded, routine clinical evaluation by
trained vascular surgeons.®”

Integrating these analyses indicates that pseudoaneur-
ysm size, extent of the mediastinal hematoma, and shock
are critical risk factors that can be used to assess BTAI
stability (Table II). Importantly, these features can be

readily ascertained early in the initial trauma evaluation
and are clinically relevant. Whereas the primary purpose
of stratifying pseudoaneurysm stability is identification of
patients with high-risk lesions who may benefit from early
intervention, an important secondary outcome is the ability
to reliably select patients for delayed repair and nonopera-
tive management, thus extending the benefit of lower pro-
cedural morbidity and mortality to patients who may
otherwise unnecessarily undergo early repair.

LESION-DIRECTED MANAGEMENT

Management of patients with blunt trauma starts with
the primary and secondary trauma surveys and initial resus-
citative maneuvers. Contrast CT is indicated in those at risk
for BTAI on the basis of the mechanism of injury (Fig)."'
Unless it is contraindicated by other injuries, once diag-
nosed, medical therapy is instituted to stabilize the patient
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until aortic repair or definitive nonoperative therapy. Stan-
dard regimens including anti-impulse therapy with beta-
blockade to maintain a systolic blood pressure below 100
to 120 mm Hg and heart rate of 60 to 90 beats/min appear
to prevent lesion progression and rupture, and anti-platelet
therapy may also be considered.'™!”-**2%>7-293% Although
infrequent, early repair within 48 hours after injury may
be warranted in patients who are not candidates for medical
therapy, such as those requiring pharmacologic blood pres-
sure support to maintain cerebral perfusion in the setting of
intracranial hypertension.'”*"

The treatment of patients with low- or high-grade
BTAI is relatively straightforward. As previously discussed,
intimal and intramural lesions can be managed nonopera-
tively with follow-up imaging. At the other end of the spec-
trum, aortic rupture is immediately life-threatening. These
patients often present in extremis or decompensate in the
trauma bay, but tamponade within the mediastinum can
enable survival to diagnosis and treatment. Although
mortality is high in this group, emergency aortic repair is
indicated and may salvage a significant portion of these
patients, 3+10:33:35.39

Pseudoaneurysms represent an intermediate lesion for
which optimal management requires individual assessment
and further evaluation of aortic stability and lesion size.
Large lesions associated with high-risk features are rela-
tively unstable, and urgent aortic repair in these patients
may be beneficial and prevent death from rupture.'”*>%"
Absent such features, the need for and timing of repair
remain uncertain. Selective nonoperative management of
traumatic pseudoaneurysms occurs in 15% to 40% of major
series; for small pseudoaneurysms, this strategy appears
safe, provided proper medical therapy, radiographic surveil-
lance, and ready access to follow-up care are avail-
able.'®17:2529343540 The  cutoff for defining  this
category is uncertain, but a size <50% aortic circumference
and <1 cm are consistent parameters associated with safe
nonoperative management, although the long-term safety
of this approach warrants dedicated study.”-'?-'2:17:29:35.40
Large but otherwise uncomplicated pseudoaneurysms
may still be at greater long-term risk for enlargement and
rupture, and these patients may benefit from delayed
repair,®*** usually during the index admission.

Regardless of timing, TEVAR is the primary and
preferred  intervention  when  aortic  repair is
required.> '8 Tt is associated with significantly lower
mortality, paraplegia, and procedural morbidity rates than
open repair,'*'¥ and it is the recommended treatment
modality for patients undergoing BTAI repair.'! Whereas
heparinization is recommended, TEVAR can be performed
without anticoagulation in patients in whom major
bleeding is a concern, although with a risk for thrombotic
complications.®"**> Coverage of the left subclavian artery
appears well tolerated in patients with BTAI, with low rates
of stroke or need for subclavian revascularization.'*! After
TEVAR, patients require standard clinical and radiographic
follow-up, with imaging obtained before hospital discharge
and at 1-, 6-, and 12-month intervals followed by annual
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surveillance thereafter. Open repair still has a role for
patients with severe lesions not amenable to endovascular
coverage or as salvage therapy after TEVAR'®'! and is
optimally performed with distal bypass.>® More broadly,
transfer to an aortic referral center may be considered
because repair at a high-volume center is associated with
fewer complications.®

For patients managed nonoperatively, the duration of
medical therapy and optimal surveillance regimen remain
uncertain. Neither may be required if the aorta heals. For
lesions that persist, routine follow-up imaging before hos-
pital discharge and at 1 month, 6 months, and 12 months
and then annually is reasonable. Magnetic resonance
aortography may be a useful alternative to CT, especially
in the relatively younger trauma population who may
have more significant risk for malignant disease if lifelong
serial CT studies are required.®’ Finally, given potential
concerns about compliance and follow-up diligence among
trauma survivors, successful selection for long-term nonop-
erative management requires a thorough discussion about
and plan for long-term care.

Whereas these studies may be used to refine the
selection of patients for appropriate management, they
have important limitations. All are retrospective, single-
institution analyses limited to adult patients, and the under-
lying data may be prone to selection bias. None of the risk
factors have been validated externally or in a prospective
fashion, which, along with longer term outcomes and
surveillance, should be an avenue of further research. Addi-
tional insight may be obtained from novel techniques, such
as magnetic resonance angiography with shear stress anal-
ysis, to better characterize lesion stability.

CONCLUSIONS

Routine nonoperative management and delayed repair
strategies represent a transformative change in the manage-
ment of BTAIL Initial experience with medical management
of patients at prohibitive risk for open aortic repair has
evolved to enable primary nonoperative management for
minimal aortic injuries, including small stable pseudoaneur-
ysms. Recent studies have helped define high-risk features
that may be used to assess the stability of larger lesions for ur-
gent repair. As such, comprehensive BTAI staging by assess-
ment of grade, stability, and size enables lesion-directed
management and optimal care for patients with aortic injury.
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