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BACKGROUND: Blunt traumatic aortic injury (BTAI) is the secondmost common cause of death in trauma patients. Eighty percent of patients with BTAI
will die before reaching a trauma center. The issues of how to diagnose, treat, and manage BTAI were first addressed by the Eastern
Association for the Surgery of Trauma (EAST) in the practice management guidelines on this topic published in 2000. Since that time,
there have been advances in the management of BTAI. As a result, the EAST guidelines committee decided to develop updated
guidelines for this topic using the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) framework
recently adopted by EAST.

METHODS: A systematic reviewof theMEDLINE database using PubMedwas performed. The search retrieved English language articles regarding
BTAI from 1998 to 2013. Letters to the editor, case reports, book chapters, and review articles were excluded. Topics of investigation
included imaging to diagnose BTAI, type of operative repair, and timing of operative repair.

RESULTS: Sixty articles were identified. Of these, 51 articles were selected to construct the guidelines.
CONCLUSION: There have been changes in practice since the publication of the previous guidelines in 2000. Computed tomography of the chest with

intravenous contrast is strongly recommended to diagnose clinically significant BTAI. Endovascular repair is strongly recommended for
patients without contraindications. Delayed repair of BTAI is suggested, with the stipulation that effective bloodpressure controlmust be
used in these patients. (J Trauma Acute Care Surg. 2015;78: 136Y146. Copyright* 2015Wolters Kluwer Health, Inc. All rights reserved.)
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B lunt traumatic aortic injury (BTAI) is the second most
common cause of death in trauma patients. Eighty percent

of patients with BTAI will die before reaching a trauma center.
For patients who survive to hospital arrival, 50%will die within
24 hours. This significant mortality rate is related to the high
incidence (40%) of severe associated injuries. The primary
mechanism associated with BTAI is motor vehicle crashes
(70%); however, BTAI also occurs as a result of motorcycle
crashes, falls from height, auto versus pedestrian, and thoracic
crush injuries.1 The issues of how to diagnose, treat, and
manage BTAI were first addressed by the Eastern Association
for the Surgery of Trauma (EAST) in the practice management
guidelines (PMGs) on this topic published in 2000.2 The lit-
erature search for the previous guideline ended in 1997. During
the past 15 years, there have been rapid advances in the
management of BTAI. As a result, the EAST guidelines
committee decided to develop updated guidelines for this topic
using the Grading of Recommendations Assessment, Devel-
opment and Evaluation (GRADE) framework recently adopted
by EAST.3

The GRADE framework is used by more than 70 inter-
national societies and organizations worldwide. It provides a
systematic and transparent framework for clarifying questions,
determining outcomes of interest, summarizing evidence, and
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moving from evidence to recommendations. Within GRADE,
evidence is rated across studies for specific clinical outcomes
that are important to patients. Recommendation strength and
direction are based on evidence quality and the balance be-
tween outcomes and patient values and preferences.

There are several issues identified as relevant to this
PMG update. Advances in technology and changes in practice
occurred since the publication of the last guideline that affected
the evaluation and management of BTAI. Areas of focus in-
clude the choice of diagnostic radiologic imaging, type of
operative repair (open vs. endovascular), and timing of oper-
ative repair (immediate vs. delayed).

Objectives
Theobjective of this guidelinewas to evaluate the choice of

diagnostic imaging (chest computed tomography [CT] with in-
travenous contrast vs. conventional catheter-based angiography),
type of surgical intervention (endovascular vs. open), and timing
of surgical intervention (immediate vs. delayed) for patientswith
BTAI. The Population (P), Intervention (I), Comparator (C) and
Outcome (O) questions are defined as follows:

PICO Question 1
In patients with suspected BTAI (P), should CT of the

chest with intravenous contrast (I) be used versus conventional
catheter-based angiography (C) for the identification of clini-
cally significant BTAI (O)?

PICO Question 2
In patientswithBTAI (P), should endovascular (I) repair be

performed versus open repair (C) to minimize risk of mortality,
stroke, paraplegia, and renal failure (O)?

PICO Question 3
In patients with BTAI (P), should timing of repair be de-

layed (I) or immediate (C) to minimize risk of mortality, stroke,
paraplegia, and renal failure (O)?

Identification of References
With the assistance of an informationist, a search of the

National Library of Medicine and the National Institutes of
Health MEDLINE database was conducted using PubMed
(www.pubmed.gov) with citations published between 1998 and
2013. We used the ‘‘related articles’’ function to broaden the
search and scan all citations for relevance. In addition to the
electronic search, we manually searched the bibliographies of
recent reviews and articles. Articles were limited to those in the
English language involving human subjects. Letters to the
editor, case reports, book chapters, and review articles were
excluded. These articles were reviewed by the committee chair,
and the final reference list of 60 citations was distributed to the
remainder of the study group for review. Of these, 51 articles
were felt to be appropriate for the construction of these
guidelines and included in the construction of tables of the
summary of findings.

Outcome Measure Types
Per the GRADE approach, outcomes were chosen by the

committee and rated in importance from1 to 9,with scores of 7 to
9 representing critical outcomes. For PICO Question 1, the fol-
lowing outcomes were considered by the committee members:
identification of clinically significant aortic injury, rapid diag-
nosis of aortic injury, complications associated with invasive
procedures, cost, and patient transport. For PICO Questions
2 and 3, the following outcomes were considered by committee
members:mortality, paraplegia, stroke, acute renal failure, length
of stay, and cost. Not all of these criteria were deemed ‘‘critical’’
by the committee for the decision-making process within the
GRADE framework. Therefore, the critical outcome for PICO
Question 1 was determined to be the identification of clinically
significant aortic injury. The critical outcomes for PICO Ques-
tion 2 were mortality, stroke, paraplegia, and renal failure. The
critical outcomes for PICO Question 3 were mortality, stroke,
paraplegia, and acute renal failure.

Data Extraction and Methodology
PICO Question 1

A systematic review of the MEDLINE database using
PubMed was performed with the search terms angiography,
blunt aortic injury, blunt thoracic aortic injury, computed chest
tomography, and CTA limited to dates from 1998 to 2013.
Studies reporting total and false positives as well as total and
false negatives for the use of CTwith intravenous contrast and
aortography were included for further review. Results for the
sensitivity and specificity of both diagnostic tests were not
pooled because of intrinsic limitations of the study of diagnostic
test accuracy in different settings such as increased heterogeneity,
nonstandardized designs, quality of testing, and incomplete
confirmatory testing (intraoperative findings) in every patient.
Six articles contained the necessary information to construct
Forest plots for sensitivity and specificity and were deemed ap-
propriate for the construction of the guideline.

PICO Question 2
A similar systematic search of the National Library of

Medicine and the National Institutes of Health MEDLINE
database was performed using PubMed. Search terms included
traumatic aortic injury, blunt aortic injury, blunt aortic trauma,
endovascular aortic repair, and open aortic repair. Additional
references were identified by using two previously published
meta-analyses that reported on studies published from 1990 to
December 2010.4,5 Articles were reviewed by the committee
chair, and the final reference list of 40 citations was distributed
to the remainder of the study group for review. Of these,
38 articles were felt to be appropriate for the construction of
these guidelines. One article that reported results on an analysis
of a large national administrative database was ultimately ex-
cluded because of having a methodology significantly different
from the rest of the studies.6 When comparing open versus
endovascular repair, a total of 37 studies reported the outcome of
mortality, 21 reported incidence of paralysis, and 12 reported
incidence of stroke. With regard to renal failure, the available
literature did not provide sufficient or consistent measurements
across the studies, specifically if the onset of renal failure
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occurred before or after surgical intervention. Therefore, this
outcome was not able to be included in the meta-analysis.

PICO Question 3
A similar systematic review of the MEDLINE database

was performed using search terms blunt aortic injury, traumatic
aortic injury repair, immediate repair of blunt thoracic aortic
injury, and delayed repair of blunt thoracic aortic injury limited
to dates from 1998 to 2013. No randomized trials comparing
delayed versus early repair have been performed for BTAI. A
final list of seven articles was reviewed by the study group. The
outcomes of interest were mortality (reported in all studies),
stroke (one study), paraplegia (three studies), and renal failure
(three studies).

For PICO Questions 2 and 3, the data for each included
article were pooled, and relative risks (RRs) were calculated as
measures of effect for dichotomous outcomes using Review
Manager (RevMan, Cochrane Collaboration, version 5.2). Po-
tential heterogeneity exists because of population differences as
well as different types of surgery performed and how patients are
defined. We examined these differences across studies to assess
the clinical and methodological heterogeneity. For the meta-
analysis, we used RevMan to calculate the Q statistic, and then
the I2 statistic (%) was used to determine the proportion of
variation between studies attributable to heterogeneity and cat-
egorized as ‘‘low’’ (25Y49%), ‘‘moderate’’ (50Y74%), or ‘‘high’’
(74Y100%). We also used the W2 test for heterogeneity and ex-
amined the confidence intervals (CIs) for overlap, with de-
creasing overlap representing increasing heterogeneity. All
studies were analyzed using a random-effects model. Tables with
summaryoffindingswereconstructedusingGRADEpro (GRADE
Working Group, version 3.2).

Results for PICO Question 1
In patients with suspected BTAI (P), should CT of the

chest with intravenous contrast (I) be used versus conventional

catheter-based angiography (C) for the identification of clini-
cally significant injury (O)?

Qualitative Synthesis
Conventional angiography was considered the criterion

standard for the diagnosis of BTAI for decades. During the past
20 years, however, CT of the chest with intravenous contrast
has evolved as a valid screening and diagnostic modality for
BTAI because of its availability, rapidity, and ability to diag-
nose additional intra-thoracic injuries. In the BTAI PMG
published by EAST in 2000, the committee made a Level II
recommendation stating that ‘‘computed tomography of the
chest is a useful diagnostic tool for both screening and diag-
nosis of BTAI. Spiral or helical computed tomographic scan-
ners have an extremely high negative predictive value and may
be used alone to rule out BTAI. When these scanners are used,
angiography may be reserved for patients with indeterminate
scans.’’2 Since the original EAST PMG publication, rapid
advances in CT technology occurred with the evolution of
helical, spiral, and multigated CT scanners. Nine studies of
relevance to this PICO question published after 1997 were
identified. Six of these studies contained adequate information
to formulate Forest plots of sensitivity and specificity (Fig. 1).

In 1998, Fabian et al.7 evaluated 494 patients; 71 had a
diagnosis of BTAI. Sensitivity and negative predictive value
were 100% for CT versus 92% and 97%, respectively, for
aortography. Also in 1998, Demetriades et al.8 identified 9 of
112 trauma patients with BTAI. CT scan identified eight of
these injuries. The single injury not identified on CT was a
brachiocephalic intimal tear on which the CT images did not
include the area of injury. Melton et al.,9 Parker et al.,10 and
Dyer et al.11 in separate investigations with a total of 1,802
patients and 64 cases of BTAI found CT sensitivity to be 100%.
In 2006, Bruckner et al.12 analyzed the results of 206 patients
who underwent CT followed by aortography. A total of 16
patients had a diagnosis of BTAI; CT failed to identify one
injury. The authors noted that this single false-negative scan

Figure 1. Forest plot of sensitivity and specificity for CTA and angiography.
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was performed in 1997 on an older-generation scanner. The
aortic injury subsequently identifiedwith aortographywas subtle
and managed nonoperatively. Overall sensitivity of CT in the
study of Bruckner et al. was 95%, and the negative predictive
value was 99%.

It is important to note that this PICO question does not
address the screening chest x-ray (CXR). This topic was well
outlined in the 2000 EAST PMG on BTAI, and the literature on
screening CXR has not changed significantly since that time
(although we have not conducted an exhaustive systematic re-
view of the topic for this update). Any patient with suspicious
findings on CXR or those injured by significant deceleration or
accelerationmechanisms should undergo furtherworkup.2 Since
cases of BTAI occur in patients with a normal CXR finding, any

clinical suspicion of BTAI should be pursued further regardless
of mechanism or CXR findings.

Quantitative Synthesis (Meta-analysis)
Forest plots of sensitivity and specificity were constructed

for both CT and aortography. Six studies directly compared CT
and aortography. The Forest plots indicate that the sensitivity of
both tests is very high. Overall specificity is lower for CT as
comparedwith aortography, indicating that theremay be a higher
number of ‘‘false-positive’’ results when using CT scan. It must
be noted that according to the Cochrane Review Handbook for
Systematic Reviews of Diagnostic Test Accuracy, ‘‘the statistical
aspects of a systematic review of diagnostic test accuracy are
more challenging than reviews of interventions.’’13 The RevMan

Figure 2. Forest plots for endovascular versus open repair of BTAI.
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statistical program used for this PMG does not pool sensitivity
and specificity, calculate weights for Forest plots, or provide
measures of heterogeneity.

Grading the Evidence
With the use of the GRADE framework for evaluating the

data specifically related to the outcome of identification of
clinically significant injury, no serious risk of bias, inconsis-
tency, indirectness, imprecision, or publication bias was found.
Therefore, the overall quality of evidence was low. Per GRADE
methodology, if sensitivities and specificities are similar for the
diagnostic tests in question, then the preference for one modality
over the other may come from the availability of one modality
over the other, ease of use, and the value of other secondary
information obtained from the diagnostic test.13

Recommendation
Within the GRADE framework, once the overall quality

of evidence across studies and outcomes is determined, the
guideline panel formulates a recommendation that considers
the following: quality of evidence, patients’ values and pref-
erences, and cost/resource use. Despite the overall quality of
evidence being low, the panel considered that most patients

would place a high value on identification of clinically sig-
nificant BTAI. The sensitivity of CTof the chest is comparable
with aortography. There are also a higher number of ‘‘false
positives’’ with CT of the chest, indicating that this screening
modality may potentially identify minimal aortic injuries not
identified on aortography. Furthermore, CT of the chest with
intravenous contrast has the advantage of being readily avail-
able, less invasive, being less time consuming, and allowing for
identification of other intrathoracic injuries. All of these factors
resulted in the formulation of a strong recommendation by the
committee. Within the GRADE framework, a strong recom-
mendation implies that most individuals would want the
recommended course of action, and only a small proportion
would not.

In patients with suspected BTAI, we strongly recom-
mend the use of CT scan of the chest with intravenous contrast
for diagnosis of clinically significant BTAI.

Results for PICO Question 2
In patients with BTAI (P), should endovascular (I) repair

be performed versus open repair (C) to minimize mortality,
stroke, paraplegia, and renal failure (O)?

Figure 3. GRADE profile for endovascular versus open repair of BTAI.
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Qualitative Synthesis
The first acute repair of aortic rupture was reported in the

1950s by DeBakey et al. For decades, open repair of aortic in-
juries was considered the standard of care. In 1997, Kato et al.14

published the first case report of endovascular stent graft repair of
BTAI. Three of 10 patients in this case series had a traumatic
aortic aneurysm treated with an endovascular stent. By 2007,
there were 284 cases of BTAI treated with endovascular stent
grafts from 62 centers reported in the literature. Advances in
technology and training paradigms occurred in tandem with the
introduction of endovascular stents as a treatment modality for
BTAI and resulted in a rapid shift in management of this injury.
Early use of stent grafts to repair traumatic aortic injuries was
considered ‘‘off label.’’ However, in 2012, the Medtronic Valiant
Thoracic Stent Graft with the Captivia Delivery System was
approved by the Food and DrugAdministration for the treatment
of BTAI.15 To our knowledge, this is the only Food and Drug
AdministrationYapproved device for BTAI.

In 2011, the Society for Vascular Surgery (SVS) released
clinical practice guidelines for endovascular repair of traumatic
thoracic aortic injury. The society proposed a weak recommen-
dation in favor of endovascular repair. The SVS used GRADE
to develop its recommendations. The review included 7,768 pa-
tients from 139 studies (1990Y2009), but the authors did not limit
eligibility criteria based on study design.16 Therefore, 112 studies
included were case series (noncomparative), and 27 were com-
parative observational studies. The overall quality of evidencewas
determined to be ‘‘very low.’’ The group placed the highest value
on the same outcomes chosen for this PMG:mortality, stroke, and
paraplegia. Overall mortality was lower for patients who under-
went endovascular repair versus open repair (9% vs. 19%). The
risk of paraplegia was also lower for endovascular repair as
comparedwith open (3%vs. 9%), and therewere no differences in
the incidence of stroke between the two groups.

To our knowledge, there are no randomized studies
comparing open (OR) versus endovascular (TEVAR) repair of
blunt thoracic aortic injury. For the purposes of this guideline,
studies that reported results on only one kind of approach
(TEVAR or OR) were excluded, and only articles with com-
parative reports of both approaches were included in the final
analysis. Forty-five comparative studies (1997Y2013) were
identified, and 37 were ultimately included in the construction
of the evidence profile (Fig. 3).17Y52 Mortality data were
available in all of the identified studies, and overall mortality
was lower for endovascular as compared with open repair (8%
vs. 19%). Rates of paraplegia were available in 12 of the 37
studies, and the incidence of paraplegia was also lower for
endovascular versus open repair (0.5% vs. 3%). Rates of stroke
were available in 21 of 37 studies, and the incidence of stroke
was slightly higher in the endovascular group as compared with
open (2.5% vs. 1%).

Endovascular repair is now performed more commonly
than open repair in patients with BTAI. The 2008 study by
American Association for the Surgery of Trauma (AAST)
demonstrated that 65% of the patients were treated with
endovascular stent grafts in 2007 as compared with 0% in
1997.28 Experience and training in endovascular repair have
steadily increased, with a resultant decrease in exposure to open
repair. One of the primary concerns with endovascular repair in

earlier studies was the reported high rate of device-related
complications. In the AAST series, 32 device-related compli-
cations developed in 25 patients (20%). Although the most
common complication was endoleak (14%), other complica-
tions included access-vessel injuries, occlusion of the left
subclavian or left common carotid artery, and late migration
and thrombosis of the stent graft.28 During the past 5 years,
however, reports demonstrate that the rate of device-related
complications has decreased significantly. In 2014, Azizzadeh
et al.52 published the follow-up results of 82 consecutive patients
who underwent endovascular repair for BTAI. Average time to
follow-up was 2.3 years, and the incidence of device-related
complications was 2.4%. All patients should be evaluated pre-
operatively for the appropriateness of endovascular repair be-
cause there are contraindications to endovascular repair. These
include aortic diameter less than 15 mm, involvement of tear into
midarch requiring coverage of the left common carotid artery, and
left vertebral origin on the aortic arch with an uncollateralized
posterior inferior communicating artery. It is also important to note
that if TEVAR is used, the treating center must have the ability to
convert to open repair if necessary.

Long-term follow-up of patients who have endovascular
stent grafts placed is required to monitor longevity and status
of the graft. There was insufficient literature to make an
evidence-based recommendation on the frequency of follow-
up. In their 2011 guidelines, the SVS did not provide a rec-
ommendation for long-term evaluation and stated that the
follow-up of patients after TEVAR ‘‘remains in evolution.’’ The
RESCUE trial, published in 2013, defined its follow-up pro-
tocol as follows: ‘‘a CTA or magnetic resonance angiogram at
1, 6, and 12 months and annually thereafter for 5 years.
Multiple view chest x-rays will also be acquired at 1, 3, and
5 years to assess for device integrity.’’53 This remains an area in
which further research is necessary.

Quantitative Synthesis (Meta-analysis)
Thirty-seven studies were included in the meta-analysis.

Endovascular repair was associated with reduced mortality
rates, with an RR of 0.56 (95% CI, 0.44Y0.73). Of note, the I2

statistic was 0%, falling into the ‘‘low’’ heterogeneity category,
indicating that the studies are comparable. Endovascular repair
was associated with comparable stroke rates, with an RR of
1.48 (95% CI, 0.67Y3.27). The I2 was 0%, indicating that the
studies are comparable. Endovascular repair was associated
with significantly reduced paraplegia rates, with an RR of 0.36
(95% CI, 0.19Y0.71). The I2 was 0%, indicating that the studies
are comparable (Fig. 2).

Grading the Evidence
With the use of the GRADE framework for evaluating the

data specifically related to the outcome of mortality, no serious
risk of bias, inconsistency, indirectness, imprecision, or publi-
cation bias was found. The evidence could not be upgraded, and
therefore, the overall quality was low. For the outcome of stroke,
no serious risk of bias, inconsistency, indirectness, imprecision,
or publication bias was found, and the evidence could not be
upgraded. The overall quality of evidence for this outcome was
low. For the outcome of paraplegia, no serious risk of bias, in-
consistency, indirectness, imprecision, or publication bias was
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found. The evidence for this outcome was upgraded for a strong
association, and the overall quality of evidencewasmoderate.An
evidence profilewas constructed using the Gradepro software by
importing the data from RevMan (Fig. 3).

Recommendation
Despite the overall quality of evidence being low (mor-

tality, stroke) to moderate (paraplegia), the panel considered
that most patients would place a high value on a less invasive
procedure that carries a significantly lower risk of blood loss,
mortality, and paraplegia and a comparable risk of stroke. The
panel also considered the fact that endovascular repair is
performed more frequently than open repair, resulting in de-
creased experiencewith and training in open repair. In addition,
initial concerns regarding a high rate of device-related com-
plications seem unfounded as the current literature suggests
that complication rates are low and continue to improve as
technology evolves. All of these factors resulted in the for-
mulation of a strong recommendation by the committee.
Within the GRADE framework, a strong recommendation
implies that most individuals would want the recommended
course of action, and only a small proportion would not.

In patients diagnosed with BTAI, we strongly recom-
mend the use of endovascular repair in patients who do not
have contraindications to endovascular repair.

Results for PICO Question 3
In patients with BTAI (P), should timing of repair be

delayed (I) or immediate (C) to minimize mortality, stroke,
paraplegia, and renal failure (O)?

Qualitative Synthesis
The risk of rupture of contained BTAI is highest within

the first 24 hours of injury. For this reason, immediate repair of
BTAI was advocated and considered the standard of care for
decades. In the 2000 PMG, a Level II recommendation was
made for prompt repair unless patients ‘‘have more immedi-
ately life threatening injuries that require intervention such as
emergent laparotomy or craniotomy, or if the patient is a poor
operative candidate due to age or co-morbidities.’’2

For the purposes of this PMG, seven comparative studies
(1997Y2013) were identified, and all were included in the con-
struction of the evidence profile. The 2004 study by Hemmila et
al.54 reported data on two separate subsets of patients, a popu-
lation from their own institution and a population from the Na-
tional Trauma Data Bank. Mortality data were available in all
studies, and overall mortality was lower for delayed repair versus
immediate repair (9% vs. 21%). Rates of paraplegia were
reported in four studies and were significantly lower for delayed
repair as compared with immediate repair (0.6% vs. 5.5%). In-
cidence of strokewas evaluated in one study andwas lower in the
delayed group (7% vs. 9%). There was no difference in the in-
cidence of renal failure (reported in three studies) between the
two groups (9.3% delayed vs. 8.6% immediate)

In 1998, Fabian et al.7 prospectively evaluated the use of
antihypertensive therapy in patients with BTAI. Of 71 patients
with BTAI, 75% received a regimen of A-blockers with or
without nitroprusside. They found that no in-hospital ruptures
occurred in the delayed management or nonoperative manage-
ment groups. The use of an antihypertensive regimen decreases
aortic wall stress and tension and significantly reduces the risk of
aortic rupture. Before this investigation, it was demonstrated that

Figure 4. Forest plots for delayed versus open repair of BTAI.
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12% of patients with BTAI sustained in-hospital aortic rupture.
The success of anti-hypertensive regimens in preventing rupture
has resulted in the practice of delayed repair of BTAI in both
high- and low-risk patients. Any patient with BTAI should be
immediately started and maintained on an antihypertensive
regimen to prevent aortic rupture. These regimens are used to
maintain the systolic blood pressure within a ‘‘normal’’ range,
generally less than 120 mm Hg.

Delayed repair of BTAI was traditionally reserved for high-
risk patients with major associated injuries or severe comor-
bidities. However, following publication of the 1998 article by
Fabian et al., the use of antihypertensive regimens became wide-
spread, and delayed repair was extended to low-risk trauma pa-
tients. In the2009AASTprospective study, 35%ofpatients overall
underwent delayed repair.55 This was also the only one of the six
comparative studies used to construct this PMG, which stratified
patients in the early and delayed repair groups by the presence/
absence of major extrathoracic injuries.56,57 The benefits of de-
layed repair in terms of mortality (22% early vs. 3% delayed),
paraplegia (3% early vs. 0% delayed), and renal failure (38% early
vs. 29% delayed) for patients with major extrathoracic injuries are

significant. Incidence of strokewas not evaluated in this study. The
mortality benefit of delayed repair (14% early vs. 8% delayed)
was still present in patients without major extrathoracic injuries,
although not as significant. In patients without major extra-
thoracic injuries, rates of paraplegia (1% early vs. 3% delayed)
and renal failure (6% early vs. 8% delayed) were higher in the
group that underwent delayed repair. The authors partially at-
tributed the higher complication rate in the early repair group
without major extrathoracic injuries to a higher rate of early
deaths in this group. In light of the clear survival benefit asso-
ciated with delayed repair, the authors advocated delayed repair
in ‘‘all patients irrespective of risk factors.’’

Patient at a high risk of aortic rupture, based on clinical
suspicion, imaging characteristics, and/or grade of injury should
not be considered for delayed repair. This would include patients
with Grade 3 and 4 injuries, which are defined as BTAI with
pseudoaneurysm (Grade 3) and BTAI with active extravasa-
tion (Grade 4). In addition, clinical or radiographic evidence of
pseudocoarctation may be an indication for urgent repair.

It is important to note that the role of medical manage-
ment alone (without surgical or endovascular treatment) for

Figure 5. GRADE profile for delayed versus early repair of BTAI.
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‘‘minor’’ BTAI was discussed and considered by the commit-
tee. Although this is an important issue, at this time, there is
insufficient evidence to formulate a recommendation on this
topic. It remains an area for further research.

Quantitative Synthesis (Meta-analysis)
Seven studies were included in the meta-analysis. De-

layed repair was associated with reduced mortality rates, with
an RR of 2.07 (95% CI, 1.03Y4.15). Of note, the I2 statistic was
51%, falling into the ‘‘moderate’’ heterogeneity category. The
risk of stroke with delayed repair was lower but was evaluated in
only one study,with anRRof 1.36 (95%CI, 0.29Y6.34).Delayed
repair was associated with significantly reduced paraplegia rates
(evaluated in four studies), with an RR of 5.90 (95% CI,
1.51Y22.97). The I2 was 12%, falling into the ‘‘low’’ heteroge-
neity category, indicating that the studies are comparable. Rates
of renal failurewere comparable (evaluated in three studies), with
an RR of 0.87 (CI 0.42Y1.79). The I2 was 59%, falling into the
‘‘moderate’’ heterogeneity category (Fig. 4).

Grading the Evidence
With the use of the GRADE framework for evaluating the

data specifically related to the outcome of mortality, no serious
risk of bias, inconsistency, indirectness, imprecision, or pub-
lication bias was found. The evidence was upgraded for a
strong association, resulting in the overall quality of evidence
being moderate. For the outcome of stroke, no serious risk of
bias, inconsistency, indirectness, or publication bias was found.
However, the evidence was downgraded for imprecision, and
the overall quality was very low. For the outcome of paraplegia,
no serious risk of bias, inconsistency, indirectness, imprecision,
or publication bias was found. The evidencewas upgraded for a
very strong association, and the overall quality was high. For
the outcome of renal failure, no serious risk of bias, incon-
sistency, indirectness, imprecision, or publication bias was
found. Therefore, the overall quality of evidence was low. An
evidence profile was constructed using the Gradepro software
by importing the data from RevMan (Fig. 5).

Recommendation
The overall quality of evidence ranged from very low

(stroke) to high (paraplegia). However, the panel considered
that most patients would place a high value on BTAI repaired in
a delayed fashion because it results in decreased mortality and
paraplegia. Rates of renal failure were nearly identical. The
panel discussed the fact that the patients who benefit the most
from delayed repair are those who have major associated in-
juries. These patients clearly require resuscitation and treat-
ment of immediately life-threatening injuries before aortic
repair. The data are not as clear for patients without associated
injuries who have no reason to undergo delayed repair. The
panel does not advocate delaying repair of BTAI (e.g., until the
following weekday morning) merely for surgeon convenience.
Although the studies included in the evidenceprofile demonstrated
decreased incidence of mortality, stroke, and paraplegia with de-
layed repair, it should be noted that the reason the majority of
patients in these studies underwent delayed repair was because
they had associated life-threatening injuries and/or a requirement
for further resuscitation. Only one study evaluated the effect of

delayed repair in a select group of patients without major associ-
ated injuries, and the number of patients in this group was small
(n = 108). It is important to consider that in that group of patients,
the benefit of delayed repair was only related to mortality. The
incidence of paraplegia and renal failure in this subset of patients
was higher. The consideration of these factors resulted in the
formulation of a conditional recommendation by the committee.
Within the GRADE framework, a conditional recommendation
implies that the majority of individuals would want the rec-
ommended course of action but many would not.

In patients diagnosed with BTAI, we suggest delayed
repair. It is critical that effective blood pressure control with
antihypertensive medication is used in these patients.

Using These Guidelines in Clinical Practice
These guidelines represent a detailed summary and

comprehensive overview of the literature regarding the evalu-
ation and treatment of BTAI. They are meant to inform the
decision-making process and not replace clinical judgment.
Patients with BTAI have a high mortality rate. The literature
available for review strongly supports the use of CTof the chest
with intravenous contrast for the identification of clinically
significant injury and the use of endovascular repair of BTAI in
patients without contraindications. The literature available for
review supports delayed repair of BTAI in patients with the
caveat that effective antihypertensive regimens must be used
between the time of diagnosis and definitive repair.

CONCLUSION

In summary, we propose three important and evidence-
based recommendations regarding BTAI, which were formu-
lated using the GRADE methodology. First, we strongly rec-
ommend CT of the chest with intravenous contrast for the
identification of clinically significant BTAI. Second, we strongly
recommend the use of endovascular repair in patients with BTAI
who do not have contraindications to endovascular repair. Fi-
nally, we suggest the use of delayed repair in patients with BTAI
and emphasize that effective blood pressure control with anti-
hypertensive medication must be used in these cases.
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