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Parameters for successful nonoperative management of traumatic
aortic injury
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Objective:Blunt traumatic aortic injury is associated with significant mortality, and increased computed tomog-
raphy use identifies injuries not previously detected. This study sought to define parameters identifying patients
who can benefit from medical management.

Methods:We reviewed 4.5 years of blunt traumatic aortic injuries. Injury was classified as grade I (intimal flap
or intramural hematoma), II (small pseudoaneurysm<50% circumference), III (large pseudoaneurysm>50%
circumference), and IV (rupture/transection). Secondary signs of injury included pseudocoarctation, extensive
mediastinal hematoma, and large left hemothorax. Follow-up, including computed tomography, was reviewed.

Results:We identified 97 patients: 31 grade I, 35 grade II, 24 grade III, and 7 grade IV; 67(69%) male; mean age
47� 18.8 years, mean Injury Severity Score 38.8� 14.6; overall survival 76 (78.4%). Secondary signs of injury
were found in 30 patients. Overall, 52 (53.6%) underwent repair, 45 undergoing thoracic endovascular aortic
repair, with 2 (2.22%) procedure-related deaths, and 7 undergoing open repair. Five patients undergoing
thoracic endovascular aortic repair required 7 additional procedures. In 45 medically managed patients, there
were 14 deaths (31%), all secondary to associated injuries. Injury Severity Scores of survivors and nonsurvivors
were 33� 10.8 and 48.6� 12.8, respectively (P<.001). Follow-up showed resolution or no change in 21 (91%)
and a small increase in 2 grade I injuries.

Conclusions:All blunt traumatic aortic injury does not necessitate repair. Stratification by injury grade and sec-
ondary signs of injury identifies patients appropriate for medical management. Grade IV injury necessitates
emergency procedures and carries high mortality. Grade III injury with secondary signs of injury should be ur-
gently repaired; patients without secondary signs of injury may undergo delayed repair. Grade I and II injuries
are amenable to medical management. (J Thorac Cardiovasc Surg 2014;147:143-50)
The natural history of blunt traumatic aortic injury (BTAI)
was described in a landmark article by Parmley and col-
leagues1 defining early operative repair, often with cardio-
pulmonary bypass, as the standard of care.1 This strategy,
however, was associated with significant morbidity and
mortality. Alternative management strategies have evolved,
including medical management, delayed operative repair,
and thoracic endovascular aortic repair (TEVAR).

BTAI is a spectrum fromminimal to severe injury. Because
of the increased resolution of the newer generation of
computed tomographic (CT) scans, the initial trauma evalu-
ation can now identify aortic injuries that previously would
have not been detected. In multiply injured patients, BTAI
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maynot be an isolatedfinding but rather associatedwith other
significant, potentially life-threatening injuries. In these pa-
tients the treatment and the timing of operative intervention
if indicated must be considered in light of the associated in-
juries. Treatment of BTAI may be of relatively low priority
and best delayed until other injuries have been stabilized.
A number of grading systems for BTAI exist. It would be

ideal if the grade of injury were related to injury severity
and predicted the need for therapy. This study therefore
sought to define a clinically useful grading system for
BTAI and demonstrate its use to guide therapy.

MATERIALS AND METHODS
The institutional review board of the University of Maryland approved

this retrospective study. All patients admitted with BTAI to the University

ofMaryland Shock Trauma Center between June 2007 and December 2011

were identified through the trauma registry. Exclusion criteria included age

younger than 15 years, arrival in extremis precluding imaging, and initial

operation at another facility with subsequent transfer. Medical records, im-

aging, and operative reports were reviewed. Demographic data, mechanism

of injury, Injury Severity Score (ISS), admission vital signs, and associated

injuries were abstracted. Additional data regarding management of the

aortic injury, including time to intervention if performed, treatment of asso-

ciated traumatic injuries, and complications and outcomes, were recorded.

All CT scans were reviewed with a faculty trauma radiologist. Aortic

injuries were classified as follows: grade I indicated an intimal tear or intra-

mural hematoma, grade II indicated a small pseudoaneurysm (<50% of the
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Abbreviations and Acronyms
AAST ¼ American Association for the Surgery of

Trauma
BTAI ¼ blunt traumatic aortic injury
CT ¼ computed tomography
ISS ¼ Injury Severity Score
SSI ¼ secondary signs of injury
TEVAR ¼ thoracic endovascular aortic repair
TBI ¼ traumatic brain injury
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aortic circumference), grade III indicated a large pseudoaneurysm (>50%

of the aortic circumference), and grade IV indicated rupture or transection

(Figure 1).

Secondary signs of injury (SSI) on chest CT, defined as pseudocoarcta-

tion, mediastinal hematoma with mass effect, and large left hemothorax,

were identified and recorded (Figure 2). The presence of a mediastinal he-

matoma, regardless of size, without mass effect was not considered to

represent SSI.

Once the diagnosis of an aortic injury was made, hemodynamically sta-

ble patients were treated with b-blockers, usually intravenous esmolol hy-

drochloride (INN esmolol). Although there was no rigidly defined

algorithm, in general the treatment of the BTAI was based on the severity

of the aortic injury, the concomitant associated injuries, and the hemody-

namic stability. Treatment of life-threatening injuries took precedence.

One of two approaches was chosen to repair BTAI. An open procedure

was performed through a left thoracotomy with cardiopulmonary bypass

support, or TEVARwas performed with general anesthesia in the operating

room with real-time fluoroscopic control. A dedicated chest CTangiogram

was used as the follow-up imaging modality.

Data are presented as mean � SD. The Student t test was used to

compare groups.
RESULTS
Ninety-seven patients met inclusion criteria. The

average age and ISS were 47 � 18.8 years and 38.8 �
14.6, respectively. Sixty-seven (69%) were male. The
mechanism of injury included motor vehicle collisions
(69%), motorcycle or all-terrain vehicle collisions
(11%), falls (10%), pedestrians struck by a vehicle
(8%), and crush injuries (1%). Seventy-eight patients
were transported from the field, with the remainder trans-
ferred to our facility before operative therapy for BTAI.
Associated injuries were common; 34% had a pelvic frac-
ture, 30% had traumatic brain injury (TBI), and 23%
required laparotomy (Table 1).

There were 31 grade I injuries, 35 grade II injuries, 24
grade III injuries, and 7 grade IV injuries. Twenty patients
(21%) were hypotensive (systolic blood pressure<90 mm
Hg) on arrival to our facility. Four patients who had sus-
tained multiple injuries and presented in cardiac arrest
were resuscitated but subsequently died of associated in-
juries. SSI included a large left hemothorax in 7 patients,
pseudocoarctation in 15, and a large mediastinal hematoma
with mass effect in 26 patients. Overall, 30 patients (31%)
had SSI, with 13 exhibiting 2 or more SSI findings. Findings
144 The Journal of Thoracic and Cardiovascular Surg
of SSI (and multiple SSI) were more common in patients
with higher-grade aortic injury (Table 2). Anatomic aortic
variants were identified in 39 patients (40%). Bovine arch
was the most common variant, followed by an anomalous
origin of the arch vasculature. There was no correlation be-
tween the grade of aortic injury and the incidence of
anatomic aortic variants.

Twenty-eight patients with grade I injuries (90%) were
treated medically, and 3 underwent TEVAR. The mortality
for grade I injuries was 13%, with no aortic-related mortal-
ity. Among those with grade II injuries, 13 patients were
managed medically, with the remainder undergoing TE-
VAR. The mortality for grade II injuries was 20%, with 1
aortic-related death occurring after TEVAR. Of the 24 pa-
tients with a grade III BTAI, 4 were managed nonopera-
tively, 18 underwent TEVAR, and 2 underwent an open
procedure. Mortality in this group was 21%. No deaths
were the result of the aortic injury or its treatment. Seven
patients sustained grade IV injuries, with a 71% mortality,
all the result of the aortic injury. Interestingly, the 4 patients
with grade IV injuries who were normotensive on arrival
died, whereas 2 of the remaining 3 arriving in shock sur-
vived. All 7 of the grade IV injuries were repaired, 5 open
and 2 with TEVAR (Table 2).

Stratifying patients by treatment regimen, 45 (46%)
were managed medically and 52 (54%) had either an
open procedure (n ¼ 7) or TEVAR (n ¼ 45). Among
those managed medically, there were 14 deaths (31%),
all the result of associated injuries, including severe
TBI, abdominal injury, or pelvic trauma. Among those
managed medically, nonsurvivors had a significantly
higher ISS than did survivors (48.6 � 12.8 vs 33.0 �
10.8; P<.0001). There were no aortic-related deaths, rup-
tures, complications, or emergency interventions among
those managed medically.

Fifty-two patients were treated with either TEVAR or an
open procedure, with an overall survival of 87%. TEVAR
was used in 45 patients (87%), with a 93% survival. There
were 2 potentially aortic-related mortalities, 1 each among
those with grade II and IV lesions. One patient with a pre-
vious left internal thoracic artery bypass graft to his left
anterior descending coronary artery had a cardiac arrest
and died after a very challenging TEVAR procedure in
which the left subclavian artery was covered by the stent
graft. Another patient with an isolated BTAI had acute renal
failure and ventricular fibrillation develop within 24 hours
of TEVAR. Neither could be resuscitated. One additional
death occurred on hospital day 5 from intra-abdominal
sepsis after damage-control laparotomy.

There were 13 procedural complications in 11 patients
after TEVAR, for a total complication rate of 24%. These
included 3 endoleaks, 3 vascular site complications, and a
retained guidewire in 5 patients who required 7 additional
interventions, including 1 open aortic repair on bypass.
ery c January 2014



FIGURE 1. Computed tomographic imaging demonstrating the grades of aortic injury.
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Six additional patients had observed complications. Thus
major aortic complications (death or reintervention)
occurred in 7 patients, or 7.1% of the total patients and
15% of those treated with TEVAR.

A total of 7 open repairs (14%) were performed, with 4
deaths, all of whom presented with active bleeding from
aortic rupture. Operative management included cardiopul-
monary bypass for patients with grade IV injury (not in
extremis) and 2 with grade III. One patient required reex-
ploration for postoperative bleeding, and one had drainage
of a retained hemothorax with a chest tube; no patient
with open treatment had either postoperative paraplegia or
neurologic morbidity.
The Journal of Thoracic and Ca
Twenty-three (74%) of the 31 surviving medically
managed patients were followed up an average of 3.8
months. Eleven grade I injuries resolved. Five grade I and
5 grade II injuries were unchanged, and 1 patient with grade
II injury subsequently underwent an elective repair. Two pa-
tients in grade I had small increases in their injuries but did
not require intervention. There were no aortic-related
deaths, ruptures, complications, or emergency interventions
during follow-up among the patients managed medically.
Of the 41 patients discharged after TEVAR, 39 (95%)
had follow-up for an average of 5.8 months with at least 1
postoperative CT angiogram. No additional procedures
were required, and no complications or deaths occurred.
rdiovascular Surgery c Volume 147, Number 1 145



FIGURE 2. Chest computed tomographic imaging demonstrating secondary signs of injury. Note the mediastinal hematoma with mass effect.

TABLE 1. Demographic data

Total patients 97

Male 67 (69%)

Age (y, mean � SD) 47 � 18.8

ISS (mean � SD) 38.8 � 14.6

Injury event

MVC 67 (69%)

MCC 11 (11.3%)

Fall 10 (10.3%)

Pedestrian struck 8 (8.2%)

Crush 1 (1%)

Field transport 78 (80.4%)

Pelvic fracture 33 (34%)

TBI 29 (30%)

Laparotomy 22 (23%)

All data are number and percentage of patients except as indicated. ISS, Injury

Severity Score;MVC, motor vehicle collision;MCC, motorcycle or all-terrain vehicle

collision; TBI, traumatic brain injury; SD, standard deviation.
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DISCUSSION
In 1958, Parmley and colleagues1 defined the natural his-

tory of untreated blunt aortic injury. Emergency open repair
became the standard. Twenty years later, b-blockers began
to be used to decrease aortic shear forces. Surgeons learned
that these drugs could be used to delay repair in selected pa-
tients and continued until the patient was deemed stable for
definitive repair.2 As clinical experience accumulated, some
patients had repair delayed for days or even weeks, and this
practice of delayed repair was shown to be associated with
improved outcomes. The large 1997 prospective American
Association for the Surgery of Trauma (AAST) series3 pro-
vided an important historical snapshot in time. All patients
underwent emergency open repair. Overall mortality was
greater than 30%, and paraplegia occurred in approxi-
mately 9% of patients.3

Aortic stent-grafting to treat BTAI was first described in
19974 and quickly became an attractive alternative to open
repair. In 2008, Demetriades and associates5 performed
another prospective AAST multi-institutional trial. Sixty-
five percent of patients were treated endovascularly. Those
treated with TEVAR had a statistically lower mortality. En-
dovascular repair was clearly becoming a viable option. A
follow-up study from the AAST group indicated that
146 The Journal of Thoracic and Cardiovascular Surg
delayed repair was associated with improved survival
despite longer intensive care unit stays.6

Neither of these AAST studies, however, addressed vari-
ability of aortic injury. Only a minority of patients presented
with frank rupture. Most had less severe injuries, ranging
from pseudoaneurysm to intimal disruption. Other authors
ery c January 2014



TABLE 2. Treatment modality and outcome by grade of aortic injury

Total

(N ¼ 97)

Grade

I (n ¼ 31) II (n ¼ 35) III (n ¼ 24) IV (n ¼ 7)

Medical

(n ¼ 28)

TEVAR

(n ¼ 3)

Medical

(n ¼13)

TEVAR

(n ¼ 22)

Medical

(n ¼ 4)

TEVAR

(n ¼ 18)

Open

(n ¼ 2)

TEVAR

(n ¼ 2)

Open

(n ¼ 5)

ISS (mean � SD) 38.8 � 14.6 33.1 � 9.9 38.8 � 14.2 41.5 � 15.2 57.8 � 18.9

Aortic-related mortality 0 0 0 1 0 0 0 1 4

Reintervention 0 0 0 1 0 3 1 3 1

Survival 76 (78.4%) 24 3 7 21 0 17 2 1 1

SSI 1 6 17 6

Data represent number of patients unless otherwise noted. TEVAR, Thoracic endovascular aortic repair; ISS, Injury Severity Score; SSI, secondary signs of injury; SD, standard

deviation.
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contended that early TEVAR was a wise strategy for at least
some aortic injuries.7,8

As CT technology evolved, smaller injuries that had
never been detected in the past started being diagnosed.
On the basis of the assertion that all aortic injuries required
repair early on, many of these underwent TEVAR. Yet cli-
nicians began wondering whether these patients with small
injuries, whomight have normal chest radiographs andmin-
imal or no mediastinal hemorrhage, really required opera-
tive therapy of any kind. Although there have been
various reports of minor aortic injuries managed medically
without any adverse outcomes, an exact definition of minor
or minimal aortic injury is rather ambiguous. Malhotra and
associates9 defined minor aortic injury as an intimal flap
less than 1 cm with no significant mediastinal hematoma.
The Society of Vascular Surgery8 identified an intimal
injury as a minimal injury not requiring repair, suggesting
repair for all other injuries including intramural hematomas
and any aortic contour abnormality. According to Gavant,10

a minimal aortic injury included a pseudoaneurysm less
than 1 cm with a small intimal flap. Our institution previ-
ously described minimal aortic injury as one with a low
risk of rupture or no obvious detrimental impact on the pa-
tient,11 whereas another institution defined a minimal injury
as one ‘‘that appeared to be nonthreatening.’’12

Because CT scans are now capable of defining the archi-
tecture of aortic injuries, a grading system is needed to strat-
ify injury severity and identify patients who need urgent or
emergency therapy. In addition, it should identify those
patients for whom only medical management is needed.
Several grading scales have been described. We agree with
those that consider pseudoaneurysm size an important factor
and discriminate between large and small pseudoaneur-
ysms.10,12,13 The Stanford group also has distinguished
among intimal injury, intraluminal filling defect, and
mural injury13; however, we have combined all these into
the grade I category because therewere often only subtle dif-
ferences distinguishing them on our CT scans and they were
all often managed nonoperatively. The Presley grading sys-
tem defines a small pseudoaneurysm on the basis of absolute
size rather than with respect to the baseline size of the aorta.
The Journal of Thoracic and Ca
The system also has subgroups for secondary findings of
BTAI, such as mediastinal hematoma or great vessel
involvement.10

In our classification, we chose not to increase the grade of
injury on the basis of arch or great vessel involvement.
Instead, we identified other secondary signs of injury that
would upgrade an injury, including mediastinal hematoma
with mass effect, pseudocoarctation, and large left hemo-
thorax. On the basis of specific institutional experience,
Azizzadeh and coworkers14 in 2009 classified aortic injury
into 4 grades, a grading scheme subsequently adopted for
clinical guidelines by the Society of Vascular Surgery and
closely resembling other classification schemes.15 They
distinguished between an intimal injury and intramural he-
matoma, as did Caffarelli and colleagues,13 but classified all
pseudoaneurysms as grade III. The Starnes group15 also
classified all pseudoaneurysms as grade 3, but still noted
that none of their patients with a pseudoaneurysm who
did not undergo repaired died of their BTAI or had an in-
crease in the pseudoaneurysm.
The current series of 97 patients represents a large single-

institution experience in a high-volume trauma center. More
than two-thirds (66 patients) had relatively low-grade in-
juries (grade I or II), and 41 of these patients were success-
fully treated with medical management alone. Three of the
patients with 31 grade I injuries (10%) underwent repair
with TEVAR. We would likely treat these injuries with
medical management alone today. As aortic injury wors-
ened, larger percentages of patients were treated with oper-
ative repair, including 22 of 35 with grade II injuries (63%)
and 20 of 24 with grade III injuries (83%). All 7 patients
with grade IV injuries were treated with either open repair
or TEVAR.
Because it requires a significant amount of force to cause

aortic injury, it is not a surprise that these patients had mul-
tiple severe injuries, with a mean ISS of almost 40. It is also
not a surprise that ISS increased as aortic injury worsened.
Even in multiply injured patients, all deaths among those
managed medically were related to associated injuries.
None died directly of aortic injury. Nonsurvivors treated
nonoperatively had a higher ISS than did survivors,
rdiovascular Surgery c Volume 147, Number 1 147
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reinforcing the concept that in patients with multiple in-
juries, emergency treatment must be determined by the
most life-threatening injury, and that the aortic injury may
not be the highest priority and may not be actively treated
medically if the patient’s condition is too unstable. In our
experience, nonsurvivors with grade II and III injury were
in unstable condition on arrival, contraindicating
b-blockade, and ultimately died of catastrophic TBI,
intra-abdominal bleeding, or both. Our practice for TBI
management is to maintain a cerebral perfusion pressure
of at least 55 mm Hg and this is often compatible with
our hemodynamic goals for BTAI. Patients with severe
TBI and uncontrolled intracranial pressures are usually
not candidates for aortic repair because of their neurologic
instability, which reinforces the concept that BTAI may not
be the most life-threatening injury or highest priority. Our
data also underscore that TEVAR is an operative procedure
that carries complications. Morbidity was 24% among
those treated with TEVAR, including 5 patients who had
7 reinterventions. There were 2 perioperative deaths,
including that of a patient with a previous bypass graft
from the left internal thoracic artery to the left anterior de-
scending coronary artery who died after his subclavian ar-
tery was covered during a difficult TEVAR case. These
complex patients with a previous left internal thoracic ar-
tery to left anterior descending coronary artery graft are
well known to us to be quite challenging, and they often
require additional intervention.16 Another patient had acute
renal failure develop within 24 hours of TEVAR and then
sustained a ventricular fibrillatory arrest.

In the 2008 AAST study,5 procedural complications after
TEVARwere 20%, and earlier data from our institution had
a 15% procedural complication rate.17 In that series, a sin-
gle surgeon performed all TEVARs. In our current practice,
multiple surgeons perform aortic repair. It is unclear
whether physician variability played a role in the morbidity
and or mortality of our current series. Regardless, given the
success with medical management, it is important to weigh
the necessity of operative intervention, whether that is per-
formed open or by TEVAR.

Our current grading scheme and basic treatment algo-
rithm offers a simplified approach to the acute management
of aortic injury, with a goal of identifying those patients
requiring emergency operative treatment, distinguishing
them from those who can be medically managed. We
believe that not all pseudoaneurysms are the same. Large,
nearly circumferential pseudoaneurysms do not have the
same risk of rupture as do small pseudoaneurysms, and
they should not all be classified within the same group of
contour abnormalities. The presence of SSI, more prevalent
as overall aortic injury worsens, can help identify those
requiring immediate therapy.

Selective nonoperative management of BTAI has been
adopted by some for very severely injured patients, whereas
148 The Journal of Thoracic and Cardiovascular Surg
others have proposed medical management alone for mini-
mal intimal injuries. Our results demonstrate successful
medical treatment of aortic injury including both grade I
intimal injury and grade II pseudoaneurysm. Even those pa-
tients with grade III aortic injury did not have rupture or die
of the aortic injury but rather died of severe associated in-
juries. Our hemodynamic goals for medical management
are similar to our approach toward type B aortic dissections
and attempt to reduce aortic wall shear stress. Both
b-blockade and other antihypertensive agents are adminis-
tered to maintain a systolic blood pressure between 100
and 120 mm Hg, mean arterial pressure at or below
80 mm Hg, and heart rate between 60 and 80 beats/min.
This is similar to the results reported by Caffarelli and
colleagues.13 They reported successful nonoperative man-
agement of 27 patients, including 19 patients with pseudoa-
neurysms. Our data show similar success, but in a patient
population with a higher ISS (38.8 vs 32.2) and more pa-
tients admitted from the field, thereby reducing potential se-
lection bias of patients transferred hours or days after injury.
These results are, however, based on short-term data and
limited follow up. Long-term observation is still required
to delineate the natural history and evolution of these medi-
cally managed injuries. There are some data to suggest that
unrepaired injuries develop into chronic pseudoaneurysms,
which eventually require repair or may even rupture months
or years later.18,19 An essential component of long-term
follow-up includes serial CT scan imaging. This includes
serial imaging on initial admission that demonstrates a
stable or improving traumatic lesion. Outpatient CT scans
would be planned for 1, 6, and 12 months after a grade
I injury, with an additional scan at 3 months for a grade
II injury. Subsequent imaging would be annual, unless
the condition resolved or evolved into a lesion requiring
repair.

Our experience, and that of others, suggests that acute
aortic rupture is most likely to occur within the first 4 to
6 hours after injury.20 Several studies of early intensive
medical management have reported catastrophic compli-
cations of aortic rupture after 4 to 8 hours to be rare, so
long as strict blood pressure and shear stress controls are
maintained with b-blockers.19,21-23 The ability to delay
repair safely, whether for a period of months or years,
should not be construed as a failure of nonoperative
management. Patients may undergo a future elective
repair at an aortic center of excellence, decreasing the
associated morbidity and mortality risks of an
emergency aortic operation.

One of the unanswered questions about the use of TE-
VAR for BTAI is long-term outcome. Although the short-
term follow-up is encouraging, with no complications or
additional procedures required after discharge, the long-
term follow up is poor. The ability to monitor the fate of
the graft for decades is essential. This is particularly true
ery c January 2014
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for younger patients with an anticipated normal life span.
We were able to get short-term follow-up on 23 of the pa-
tients managed medically. Eleven of the 28 grade I injuries
resolved. An additional 5 showed no change, as did 5 grade
II injuries. Only 1 patient with a grade II injury ultimately
underwent an elective operative repair, which was done at
the surgeon’s discretion because the injury remained stable.
This seems to underscore the safety of medical manage-
ment, at least for low-grade injuries, and emphasizes the
need for improved long-term follow-up, because it is
similar to the treatment regimen for medically managed
type B aortic dissection. Only after the patient has been
seen in follow-up with serial imaging would we potentially
consider, on a case-by-case basis, modestly liberalizing the
blood pressure goals.

We conclude that not all patients with BTAI require
repair. Patients with grade IV injuries are often moribund
and require emergency procedures, which are associated
with a high mortality. Grade III injuries with SSI should
be urgently repaired. Those without SSI may undergo de-
layed repair after initial medical management. Grade I
and II injuries are amenable to nonoperative medical man-
agement alone. Only some injuries resolve, but the risk of
late rupture seems very small. Patients with concomitant
central nervous system injury, for whom antihypertensive
therapy or b-blockers might be deleterious, or those with
SSI suggesting a greater risk of rupture, may also be candi-
dates for repair. TEVAR, although an attractive option, is
associated with a real risk of complication. Among patients
treated medically, mortality seems related to associated in-
juries and overall injury severity rather than to the aortic
injury. Finally, aortic variants such as the bovine arch may
be a risk factor for BTAI, but more study is necessary to un-
derstand their significance.
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Thomas E. MacGillivray (Boston, Mass). I thank the Associ-

ation for the opportunity to discuss this presentation. I congratulate
Dr Rabin on his excellent presentation and thank him for providing
me a copy of the manuscript in advance.

I am sure that there are many surgeons in the audience who
remember those days when all victims of blunt trauma who had
a widened mediastinum were whisked away for an aortogram.
The small percentage of patients who actually turned out to have
an aortic injury were taken to the operating room for emergency
aortic repair regardless of their other life-threatening injuries.

In the 1980s, Akins and Hilgenberg were the first to report
the then very controversial practice of delaying aortic operation
with aggressive anti-impulse therapy for days, weeks, and even
months. Subsequently, centers reported that surgical, later re-
placed by endovascular, repair could safely be delayed while the
other life-threatening injuries either declared themselves or were
successfully managed.
rdiovascular Surgery c Volume 147, Number 1 149

http://refhub.elsevier.com/S0022-5223(13)00973-2/sref1
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref1
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref2
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref2
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref2
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref3
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref3
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref3
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref3
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref4
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref4
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref4
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref5
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref5
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref5
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref5
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref5
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref6
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref6
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref6
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref6
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref7
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref7
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref7
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref8
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref8
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref8
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref9
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref9
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref9
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref10
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref10
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref10
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref11
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref11
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref12
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref12
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref12
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref13
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref13
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref13
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref14
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref14
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref14
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref15
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref15
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref15
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref16
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref16
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref17
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref17
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref17
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref18
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref18
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref18
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref18
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref18
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref19
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref19
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref19
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref19
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref20
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref20
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref21
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref21
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref22
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref22
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref22
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref23
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref23
http://refhub.elsevier.com/S0022-5223(13)00973-2/sref23


Acquired Cardiovascular Disease Rabin et al

A
C
D

Rabin and colleagues have presented their contemporary series
of 97 patients with blunt traumatic aortic injuries. With high-reso-
lution CT angiography, they have developed a grading system that
not only confirms the diagnosis of aortic injury but also helps guide
the management of these complicated patients.

Their group has recognized that blunt traumatic aortic injury is
in fact a spectrum of disease. The ultimate fate of these patients is
usually determined by the other organ injuries and not the aortic
injury. They have also reinforced the principle that definitive aortic
repair can be safely delayed while the other injuries are managed.
They have now taken a further step, and perhaps a leap, in suggest-
ing that some of these injuries should be managed without any
repair at all. I will limit my questions to two.

Dr Rabin, in your conclusions, you have recommended nonop-
erative management rather than delayed operation as definitive
therapy for grade I and II injuries. For grade I injuries, I suspect
that nonoperative management has unknowingly been practiced
for years, given that many of these injuries once went undiagnosed
because of the limitations in imaging of the time. In your non-
randomized patient series, almost two-thirds of patients with grade
II injuries underwent TEVAR, and they ultimately had a 95% over-
all survival. Among the nonoperatively managed patients with
grade II injuries, there was a 50% mortality, although none of
the deaths were attributed to aortic injuries.

So in the absence of a prospective protocol, what were the fac-
tors that determined whether a patient was managed by TEVAR or
medical management alone? Do you think that this selection bias
was at all important in potentially averting aortic-related morbidity
and mortality?

Dr Rabin. Thank you very much, Dr MacGillivray, for your re-
view and comments and excellent questions.

With regard to the grade I injuries, we agree that probably a lot
of these were never detected in the past, and it is only with the
modern CT scanners that we find these. Thus by default many
such injuries have resolved without our even knowing.With regard
150 The Journal of Thoracic and Cardiovascular Surg
to grade II injuries, that is a more difficult area even for ourselves.
I think this discrepancy that we see between those that were re-
paired and those that weren’t reflects the wide provider variability.
We believe this was one of the primary factors in determining who
underwent repair and who didn’t. Other concomitant injuries and
that many patients are lost to follow-up were other factors in the
decision to repair.

Moving forward, we are trying to put together a dedicated aortic
group to regularly review the data and get a better protocol-driven
approach to these difficult patients. Even though we may not oper-
atively repair these injuries, it is still not the end of the story. For
patients with even a small pseudoaneurysm, this is not definitive
treatment and such patients require medical treatment with
b-blockers and continuous follow-up with serial imaging to deter-
mine the natural course of the injury.

DrMacGillivray. Finally, your follow-up period for the surviv-
ing medically managed patients was, on average, only 3.8 months.
Among the patients with grade 2 injury, only 7 of 35, or 20%, were
actually managed nonoperatively. So in the absence of randomized
data, with only a minority of patients receiving nonoperative man-
agement and without longer follow-up, do you consider your anal-
ysis robust enough, and do you feel really confident enough in
recommending to us nonoperative management in these cases?

DrRabin. I think that in these cases we have found that the risks
of repair are not benign. With 2 of 45 patients dying and 5 having
major reinterventions, this needs to be weighed against the risk of
rupture, which is very rare in our study and in other studies that
also assess late rupture. As we monitor these patients, it has to
be taken on a case-by-case basis. We look at their other findings
within the mediastinum, whether there is any evidence of SSI,
such as significant hematoma, or in cases of head trauma, if we
could not provide adequate b-blockade for these patients, we
would likely have a lower threshold for repair. So, while strongly
considering nonoperative management in these grade II patients, it
is not such a simple approach.
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