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The Society of Vascular Surgery (SVS) guidelines currently suggest thoracic endovascular aortic repair (TEVAR) for grade [I-IV
and nonoperative management (NOM) for grade I blunt traumatic aortic injury (BTAI). However, there is increasing evidence that
grade II may also be observed safely. The purpose of this study was to compare the outcome of TEVAR and NOM for grade I-IV

The records of patients with BTAI from 2004 to 2015 at a Level I trauma center were retrospectively reviewed. Patients were sep-
arated into two groups: TEVAR versus NOM. All BTAIs were graded according to the SVS guidelines. Minimal aortic injury
(MATI) was defined as BTAI grade I and II. Failure of NOM was defined as aortic rupture after admission or progression on sub-
sequent computed tomography (CT) imaging requiring TEVAR or open thoracotomy repair (OTR). Statistical analysis was per-

A total of 105 adult patients (216 years) with BTAI were identified over the 11-year period. Of these, 17 patients who died soon
after arrival and 17 who underwent OTR were excluded. Of the remaining 71 patients, 30 had MAI (14 TEVAR vs. 16 NOM).
There were no failures in either group. No patients with MAI in either group died from complications of aortic lesions. Follow-
up CT imaging was performed on all MAI patients. Follow-up CT scans for all TEVAR patients showed stable stents with no leak.
Follow-up CT in the NOM group showed progression in two patients neither required subsequent OTR or TEVAR.

BACKGROUND:
BTAI and determine if grade II can be safely observed with NOM.
METHODS:
formed using Mann—Whitney U and X tests.
RESULTS:
CONCLUSIONS:

Although the SVS guidelines suggest TEVAR for grade II-IV and NOM for grade I BTAI, NOM may be safely used in grade II

BTAL (J Trauma Acute Care Surg. 2018;84: 133—138. Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Therapeutic study, level IV.
KEY WORDS:

NOM of BTAI grade I-II; blunt traumatic aortic injury; nonoperative management.

lunt traumatic aortic injury (BTAI) is associated with signif-

icant mortality. Although it occurs in less than 1% of motor
vehicle crashes (MVCs), it is the second leading cause of mortal-
ity for this mechanism of injury." It is estimated that up to 80%
of patients with BTAI will die before hospital arrival, and an-
other 50% of those hospitalized will die within the first 24 hours
after injury.' Therefore, early and accurate identification of pa-
tients with BTAI is imperative. The traditional screening method
for BTAI was the portable anterior—posterior (AP) chest x-ray
(CXR). However, the sensitivity of a CXR in identifying BTAI
is as low as 41%.* As a result, computed tomography (CT) im-
aging of the chest has been increasingly used to screen for BTAL
As the efficiency of CT imaging has improved, more patients
with minimal aortic injury (MAI) are being identified. The Soci-
ety of Vascular Surgery (SVS) categorizes BTAI from grade I to
grade IV: grade I, intimal tear; grade II, intramural hematoma;
grade III, pseudoaneurysm; and grade IV, rupture. The SVS
guidelines currently suggest thoracic endovascular aortic repair
(TEVAR) for grade II-IV and nonoperative management (NOM)
for grade I BTAIL However, there is limited but increasing evi-
dence that grade II may be observed safely without TEVAR.
This may in part be a result of the fact that the quality of evidence
for the SVS recommendations is C (low or very low). The expe-
rience with NOM of grade -1 injuries is limited to small retro-
spective case series with short follow-up.> > The purpose of this
study is to compare the outcomes of TEVAR and NOM for
grade [-IV BTAI and determine if grade II can be safely ob-
served with NOM.
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METHODS

This was a retrospective cohort study where the records of
patients with BTAI from 2004 to 2015 at a Level I trauma center
were reviewed. All patients with BTAI were evaluated in a mul-
tidisciplinary approach with the initial evaluation completed by
the trauma team. Subsequent consultations were placed to car-
diothoracic surgery, vascular surgery, and surgical critical care
as needed. Based on the hemodynamic status of the patient
and grade of injury, as determined by CT imaging of the chest,
patients were taken either to the operating room for open thora-
cotomy repair (OTR), interventional radiology (IR) suite for
TEVAR by either IR physicians or vascular surgery, or to the
Surgical Intensive Care Unit for NOM. The method of repair, ei-
ther OTR or TEVAR, was determined based on patient’s hemo-
dynamic status, associated injuries, and aortic anatomy in a joint
effort by the IR and vascular surgery team. NOM patients were
treated with short-acting intravenous beta-blocker infusion ti-
trated to maintain systolic blood pressure less than 140 mm Hg
and heart rate less than 80 bpm. Additional agents such as cal-
cium channel blockers or vasodilators were added as needed.
A majority of the patients underwent follow-up CT of the chest
imaging before discharge to document resolution or stability of
their injuries. Failure of NOM was defined as aortic rupture after
admission or progression on follow-up CT imaging of the chest
undergoing TEVAR or OTR. Aortic injury grade was deter-
mined by a single investigator (lead author) who was blinded
to the readings of the radiologist; the designations were then ver-
ified by a separate investigator also blinded to the radiologist
readings. Patients with MAI (grade I-1I) were divided into two
groups (TEVAR vs. NOM) comparing hospital length of stay
(HLOS) and mortality as primary endpoints, and progression
of grade of injury on follow-up CT scan and complications as
secondary endpoints. Post-procedure follow-up care of the pa-
tients who had TEVAR and in-hospital follow-up care of the pa-
tients who had NOM were performed jointly by vascular surgery,
IR, and the surgical critical care and acute care surgery teams.

Demographics, mechanism of injury, grade and location
of thoracic aortic injury, method of repair, complications,
HLOS, discharge disposition, and mortality were collected.
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The detailed CT scan description of the BTAI documented by a
board-certified radiologist was used to extrapolate the appropri-
ate grade of injury based on the standard SVS grading system.
All patients were followed through their hospital course until
discharge. The majority of these patients had follow-up CT im-
aging of the chest before discharge. Post-discharge follow-up
data were not available for review; all data presented are limited
to in-hospital course until discharge.

The Institutional Review Board reviewed and approved
the study protocol. Statistical analysis was performed using
Mann-Whitney U and x* tests. Data are reported as median
with interquartile range or percentage. A value of p <0.05 was
considered statistically significant.

RESULTS

A total of 105 adult patients (age 216 years) with BTAI
were identified over the 11-year period. Of these, 34 (32%) pa-
tients were excluded. Seventeen died soon after arrival from as-
sociated injuries before addressing their thoracic aortic injury
and 17 underwent OTR. Intraoperative mortality from aortic
rupture and uncontrolled hemorrhage was 3 (18%). The median
time for all grade (I-1V) injuries from admission to completion
of OTR was 10.2 (9—14) hours. The median HLOS for these pa-
tients was 12 (3—30) days with 30% mortality. OTR was rare,
performed primarily in the early years of the study from 2004
to 2009. From 2009 to 2015, all BTAIs were managed with
TEVAR or NOM.

Of the remaining 71 patients, 48 (68%) had TEVAR and
23 (32%) underwent NOM. Patient demographics along with
the distribution of BTAI by grade is listed in Table 1. There were
no differences between the groups with regard to age, gender,
overall Injury Severity Score (ISS), or mechanism of injury.
However, both groups consisted predominantly of men and the
primary mechanism of injury was MVC. It is not surprising
there was an inverse relationship of the BTAI grades between
the two groups. TEVAR had a significant higher number of
grade IV whereas NOM had a higher number of grade I and
grade I BTAIL The Abbreviated Injury Score (AIS)—chest was
significantly higher in the TEVAR group (Table 1). The failure
rate after TEVAR and NOM was 0%. There was no difference
in HLOS [18 (8-24) vs. 11 (6-31) days; p = 0.44], discharge
disposition, or mortality between the groups.

In Table 2, patients with only MAI (grade I-II) were se-
lected for comparison; TEVAR (n = 14) versus NOM (n = 16).
MAI (grade I-1I) was present in 14 of the TEVAR patients and
16 NOM patients (Fig. 1). Patient demographics for these two
groups are listed in Table 1. The groups were well matched in
age, gender, ISS, AIS—chest, and mechanism of injury. The pri-
mary mechanism of injury in both groups was MVC. There was
no difference between the groups in the number of grade I or II
BTALI There were no isolated BTAIs in either group. BTAI re-
ceiving TEVAR had a higher incidence of associated traumatic
brain injury (TBI) and orthopedic fractures where BTAI receiving
NOM had more rib and spinal fractures. There was no difference
between the groups from emergency room admission until com-
pletion of the first CT imaging of the chest. The most common
location of aortic injury in the TEVAR group was descending
aorta and the isthmus in the NOM group (Table 2). The median

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 1. Demographics for TEVAR Versus NOM With BTAI
Grade I

TEVAR NOM y4

Patients (n) 14 16
Men 11 (79%) 8 (50%) 0.21
Women 3(21%) 8 (50%) 0.21
Age, y 52 (32-65) 43 (37-66) 0.88
ISS 35(25-44)  29(17-29)  0.14
AlIS—chest 444 4(2-4) 1.0
Overall mortality 2 (14%) 1 (6%) 0.90
D/C home 2 (14%) 4 (25%) 0.78
D/C rehab/SNF 10 (72%) 11 (69%) 0.87
Grade of injury

Grade I 8 (57%) 8 (50%) 0.81

Grade II 6 (43%) 8 (50%) 0.98
Mechanism of injury

MVC 10 (71%) 11 (69%) 0.87

MCC 0 (0%) 2 (13%) 0.52

Peds 4 (29%) 2 (13%) 0.25

Fall 0 (0%) 1 (5%) 0.34
Associated injury*

Rib fractures 57% 63% 1.00

TBI 71% 25% 0.19

Orthopedic fractures 71% 63% 1.00

Spine fractures 36% 44% 1.00

PTX, HTX 36% 25% 0.72

Solid organ (liver, spleen, kidney) 33% 31% 1.00

Data reported as median with (interquartile range) or total count with (percentage).

TEVAR, thoracic endovascular aortic repair; NOM, nonoperative management; BTAI,
blunt traumatic aortic injury; ISS, Injury Severity Score; AIS, Abbreviated Injury Score;
D/C, discharge; Rehab, rehabilitation facility; SNE, skilled nursing facility; MVC, motor ve-
hicle crash; MCC, motorcycle crash; Peds, pedestrian vs. automobile crash; TBI, traumatic
brain injury; PTX, pneumothorax; HTX, hemothorax.

*Totals will not equal 100%. Each patient may have one or more associated injury.

time from admission to the completion of the TEVAR procedure
was 10 (6-26) hours. Two patients (one grade I and one grade II)
had their TEVAR procedures delayed for 11 and 18 days, re-
spectively, until significant infections were cleared.

No patients with MAI died from complications related to
their aortic lesion. Two patients who underwent TEVAR and
one patient who underwent NOM died from devastating TBI
and subsequent withdrawal of care. There was no difference in
mortality between the two groups. Of the remaining patients,
there was no significant difference in discharge disposition. Al-
though our data did not reach significance, patients requiring a
TEVAR had a HLOS nearly twice as long as the NOM group
[20 (9-33) vs. 11 (5-24) days, p = 0.20].

Follow-up CT imaging of the chest was performed before
discharge on the majority of MAI patients (14/16 [88%] NOM
and 13/14 [93%] TEVAR). There was no difference between the
two groups for median time from admission to first CT or from
admission to follow-up CT (Table 2). Follow-up CT imaging of
all patients in the TEVAR group showed stable stents with no
leak. Follow-up CT imaging in the NOM group showed progres-
sion in two patients (one from grade I to II, and one from grade II
to IIT), no change in 11, and resolution in three grade I injuries
(Table 2). None of the progressions required OTR or TEVAR.
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TABLE 2. TEVAR Versus NOM With BTAI Grade I-lI:
CT Imaging Results

TEVAR NOM )4
Patients (n) 14 16
Location of injury
Ascending aorta 0% 0% 1.0
Aortic arch 2 (14%) 2 (12%) 0.89
Isthmus 5 (36%) 8 (50%) 0.68
Descending aorta 7 (50%) 6 (38%) 0.75
Time from admission to first CT, min 64 (37-103) 52 (35-73) 0.27
Time from admission to F/U CT 2 (2-7) 3(2-7) 0.66
during hospitalization, d
Resolution of injury 19%

No change in injury 69%
Progression of injury 12%
Stable stent with no leak 100%

Data reported as median with (interquartile range) or total count with (percentage).
F/U, follow-up; CT, computed tomography; TBI, traumatic brain injury.

Complications in the NOM group included one pulmonary
embolism and one myocardial infarction. Both patients had a
grade I injury and recovered without sequela. In the TEVAR
group, one patient (grade I) had atrial fibrillation, which responded
to medical management and another patient (grade I) required
repair of a collapsing stent at the proximal end. Both patients
were discharged to a rehabilitation center. Neither group had pa-
tients who suffered paralysis resulting from BTAI treatment.

DISCUSSION

BTAI is a lethal clinical problem and prompt diagnosis and
treatment is imperative. CT imaging of the chest is frequently

used to screen for BTAI based on mechanism of injury.* This shift
in practice is in part caused by the poor sensitivity of the AP CXR
to diagnose BTAL Increased CT imaging use and quality have
led to more frequent diagnoses of MAI, grade I-1I. SVS guide-
lines suggest TEVAR for grade II-1V BTAI and NOM for grade
1.° However, there is limited but increasing evidence that grade IT
may also be observed safely without TEVAR (Table 3). In this
study, we demonstrated that 16 patients with MAI (8 grade |
and 8 grade II) were safely observed with NOM and none re-
quired operative intervention before discharge from the hospital.
Follow-up CT before discharge from the hospital in the NOM
group showed progression in 2 patients (one from grade I to II,
and one from grade II to III), no change in 11, and resolution
in 3 grade I injuries (Table 2). None of the progressions required
OTR or TEVAR. However, this study is limited by its lack of
power, small numbers, and no long-term follow-up beyond hos-
pital course. Long-term follow-up is critical before any conclu-
sions regarding safety of NOM of grade II injuries.

The decision for TEVAR versus NOM was determined
based on patient’s hemodynamic status, associated injuries,
and aortic anatomy in a joint effort by the IR and vascular sur-
gery team. One of the associated injuries that would greatly ben-
efit from TEVAR as opposed to NOM was TBI. Patients with
NOM required tight blood pressure control and avoidance of hy-
pertension, which was achieved with short-acting intravenous
beta-blocker infusions, calcium channel blockers, or vasodila-
tors as needed. However, this end point is in direct contradiction
with cerebral perfusion pressure goals that need to be main-
tained, at times with the addition of inotropic support, in pa-
tients with TBI. TEVAR would remove such conflicts and
allow cerebral perfusion pressure goals to be achieved without
risk of rupture. This may have contributed to the much higher
rate of TEVAR versus NOM noted in patients with associated
TBI (71% vs. 25%, p = 0.19) (Table 1).
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Adult Blunt Traumatic
Aortic Injury Patients

EE—— 17 Died in ED
E— 17 Open Repair

l

71

Adult Blunt Traumatic
Aortic Injury Patients

/\

48
TEVAR

O\ |

Grade I-I1

34
Grade III-IV

Outcomes for these two groups
with MAI were compared

23
NOM

7
Grade III-IV

16
Grade I-I1

Figure 1. Flow chart of the patient groups with MAI (grade I-ll) compared in the study. ED, emergency department; TEVAR, thoracic
endovascular aortic repair;, NOM, nonoperative management; MAI, minimal aortic injury.
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TABLE 3. Retrospective Studies With NOM of MAI (Grade I-l)

Author Year NOM GradeI(n) NOM Gradell (n) Resolution n (%)  Progression of Injury Requiring TEVAR or Operative Repair
Malhotra et al. 2001 6 2 (33%)

Kepros et al. 2002 5 5 (100%)

Holmes et al. 2002 10 5 (50%)

Caffarellietal. 2010 6 2 5(19%) 1 grade III progressed and required OTR

Starnes et al. 2012 16 2 14 (44%)

Shalhub et al. 2012 6 3 6 (67%)

TEVAR, thoracic endovascular aortic repair; NOM, nonoperative management; MAI, minimal aortic injury; OTR, open thoracotomy repair.

From 2001 to 2002, three retrospective studies observed a
total of 21 patients with grade | BTAI with NOM.”'®'> None of
the patients died from causes related to the BTAIL Subsequent CT
imaging of the chest reported resolution of the injury in 33—50%,
no change in 0—17%, and progression to stable pseudoaneurysm
in 0-50%. None of the patients progressed to a point that re-
quired operative intervention. In 2012, Shalhub et al. observed
nine (six grade I and three grade IT) BTAI patients with NOM.'*
Follow-up CT imaging of the chest in the nine patients showed
resolution of'six (67%) (five grade I and one grade II) and stable
findings in three (one grade I and two grade II). None of the
grade I or Il injuries progressed to a point that required TEVAR
or OTR. Our results corroborate the previous findings. Two
studies have attempted NOM of grade I-III injuries. In 2010,
Caffarelli et al. reported 27 patients with BTAI (6 grade I, 2
grade 11, and 19 grade III) that were observed with NOM."?
Follow-up CT imaging of the chest found a 19% (5 patients)
resolution rate, 78% (21 patients) stable injury rate, and 4%
(1 patient) progression rate. One of the grade I1I patients did fail
NOM by demonstrating progression of the initial pseudo-
aneurysm to a larger, more unstable lesion that required OTR.
None of the grade I or II failed NOM. In the second study by
Starnes et al. in 2012, NOM was performed for 26 patients
who survived (17 grade I, 2 grade II, and 7 grade IIT).” Five of
the seven grade I1I had an average follow-up 75 days, and all re-
mained stable with no progressions. None of the grade II failed
NOM requiring TEVAR or OTR. We also had seven grade III
patients in our study who underwent NOM. These patients had
concomitant injuries that precluded vascular intervention or
anatomy that was not compatible with available stents. All of
them had stable injuries on follow-up CT imaging of the chest
and none required TEVAR or OTR.

Long-term follow-up data have been provided by a limited
number of studies. In 2002, Holmes et al. reported the results of
15 patients with MAI who underwent NOM and were followed
long term (up to 5 years).15 Five died because of TBI and causes
not related to the BTAIL The remaining 10 survivors were alive
atamedian of 2.5 years (range 6 months to 5 years) without pro-
gression of injury or the need for operation. Five of the 10 had
complete radiographic resolution of their injuries and 5 had
asymptomatic and radiographically stable pseudoaneurysms.
In the study by Caffarelli et al. discussed above, serial long-term
imaging was performed an average of 107 days after injury."
Stanes et al. performed follow-up imaging an average 71 days
(2-196 days) after grade I, 745 days (6—1840 days) after grade I,
and 75 days (12-68) after grade III injuries that had NOM.’

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

In 2015, a multicenter study by DuBose et al. incorporated
nine American College of Surgeons—verified Level I centers to
report the largest series of BTAI outcomes.'® Of the 123 patients
(32%) who had NOM (72 grade I, 19 grade II, 25 grade III, and
7 grade 4), 1 grade I (1.4%) and 1 grade IV (14.2%) required sal-
vage TEVAR. Univariate analysis against patients undergoing
repair indicated that those undergoing NOM were significantly
older, more likely to be grade I, and less likely to have associated
mediastinal hematoma. As a group, they had shorter hospital
and intensive care unit stays and fewer ventilator days. Although
our data did not reach significance, we also found that patients
who underwent TEVAR had a HLOS nearly twice as long as
the NOM group [20 (9-33) vs. 11 (5-24) days; p = 0.20]. Eight pa-
tients with grade I BTAI had TEVAR. Two patients (one grade I
and one grade II) had their TEVAR procedures delayed for 11
and 18 days, respectively, until significant infections could be
cleared. This raises the question of whether TEVAR was even
necessary in these patients. Given the small numbers in each of
the above studies, including our own, further multicenter studies
are needed to answer the question regarding NOM of MAL Future
studies need to also determine the need for TEVAR in patients
with grade I because avoiding this procedure may significantly
decrease cost and risk to patients.

Advancements in CT scan technology have led to faster,
higher quality images with 3D reconstructions that were not pre-
viously possible. This greater sensitivity may in part be contrib-
uting to the higher incidence of MAI noted in recent years.

CONCLUSIONS

Although SVS guidelines suggest TEVAR for grade II-1V
BTAI and NOM only for grade I injuries, grade II injuries may be
safely managed using NOM. Given the small patient population,
future multicenter studies with long-term follow-up will be needed
to evaluate which grades can be safely observed with NOM.

AUTHORSHIP

S.S.: literature search, study design, data collection, writing. K.S.: study de-
sign, data collection, data analysis, data interpretation, writing, figure, tables,
editing, corrections, and submission. C.P.S.: study design, data collection,
editing. M.L.C.: study design, data analysis, data interpretation, writing,
figure, tables, and editing. I.S.B.: literature search, study design, data col-
lection, data analysis, data interpretation, writing, figure, tables, editing,
corrections, and submission.

DISCLOSURE

The authors declare no conflicts of interest.

137

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



Spencer et al.

J Trauma Acute Care Surg
Volume 84, Number 1

138

REFERENCES

. Neschis DG, Scalea TM, Flinn WR, Griffith BP. Blunt aortic injury. N Engl J

Med. 2008;359:1708-1716.

. Fabian TC, Richardson JD, Croce MA, Smith JS Jr, Rodman G Jr, Kearney PA,

Flynn W, Ney AL, Cone JB, Luchette FA, et al. Prospective study of blunt
aortic injury: Multicenter Trial of the American Association for the Surgery
of Trauma. J Trauma. 1997;42(3):374-380.

. Jamieson WR, Janusz MT, Gudas VM, Burr LH, Fradet GJ, Henderson C.

Traumatic rupture of the thoracic aorta: third decade of experience. Am J
Surg. 2002;183(5):571-575.

. Gutierrez A, Inaba K, Siboni S, Effron Z, Haltmeier T, Jaffray P, Reddy S,

Lofthus A, Benjamin E, Dubose J, Demetriades D. The utility of chest X-ray
as a screening tool for blunt thoracic aortic injury. Injury. 2016;47(1):32-36.

. Azizzadeh A, Keyhani K, Miller CC 3rd, Coogan SM, Safi HJ, Estrera AL.

Blunt traumatic aortic injury: initial experience with endovascular repair.
J Vasc Surg. 2009;49(6):1403-1408.

. Lee WA, Matsumura JS, Mitchell RS, Farber MA, Greenberg RK,

Azizzadeh A, Murad MH, Fairman RM. Endovascular repair of traumatic
thoracic aortic injury: clinical practice guidelines of the Society for Vascular
Surgery. J Vasc Surg. 2011;53(1):187-192.

. Malhotra AK, Fabian TC, Croce MA, Weiman DS, Gavant ML, Pate JW.

Minimal aortic injury: a lesion associated with advancing diagnostic tech-
niques. J Trauma. 2001;51(6):1042—1048.

. Mosquera VX, Marini M, Gulias D, Cao I, Muniz J, Herrera-Norena JM,

Loépez-Pérez JM, Cuenca JJ. Minimal traumatic aortic injuries: meaning
and natural history. Interact Cardiovasc Thorac Surg. 2012;14(6):773-778.

14.

15.

16.

. Starnes BW, Lundgren RS, Gunn M, Quade S, Hatsukami TS, Tran NT,

Mokadam N, Aldea G. A new classification scheme for treating blunt aortic
injury. J Vasc Surg. 2012;55(1):47-54.

. Kepros J, Angood P, Jaffe CC, Rabinovici R. Aortic intimal injuries from

blunt trauma: resolution profile in nonoperative management. J Trauma.
2002;52(3):475-478.

. Hirose H, Gill IS, Malangoni MA. Nonoperative management of traumatic

aortic injury. J Trauma. 2006;60(3):597—601.

. Fabian TC, Davis KA, Gavant ML, Croce MA, Melton SM, Patton JH Jr,

Haan CK, Weiman DS, Pate JW. Prospective study of blunt aortic injury: he-
lical CT is diagnostic and antihypertensive therapy reduces rupture. Ann
Surg. 1998;227(5):666—676.

. Caffarelli AD, Mallidi HR, Maggio PM, Spain DA, Miller DC, Mitchell

RS. Early outcomes of deliberate nonoperative management for blunt
thoracic aortic injury in trauma. J Thorac Cardiovasc Surg. 2010;140(3):
598-605.

Shalhub S, Starnes BW, Tran NT, Hatsukami TS, Lundgren RS, Davis CW,
Quade S, Gunn M. Blunt abdominal aortic injury. J Vasc Surg. 2012;55(5):
1277-1285.

Holmes JH, Bloch RD, Hall RA, Carter YM, Karmy-Jones RC. Natural his-
tory of traumatic rupture of the thoracic aorta managed nonoperatively: a lon-
gitudinal analysis. Ann Thorac Surg. 2002;73(4):1149-1154.

DuBose JJ, Leake SS, Brenner M, Pasley J, O’Callaghan T, Luo-Owen X,
Trust MD, Mooney J, Zhao FZ, Azizzadeh A. Contemporary management
and outcomes of blunt thoracic aortic injury: a multicenter retrospective
study. J Trauma. 2015;78:360-369.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



