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Abstract
Traumatic rupture of the thoracic aorta is a life-
threatening lesion and it occurs in 10 to 30% of
fatalities from blunt thoracic trauma and is the sec-
ond most common cause of death after head injury.
Immediate surgery is often characterized by a high
mortality and morbidity rate. Delayed repair of trau-
matic aortic injuries has significant survival benefits
and a much lower mortality rate compared with early
open repair. Despite developments in operative tech-
niques, there still remains considerable operative
mortality and morbidity associated with a surgical
approach even if delayed. Endovascular stent grafts
for the thoracic aorta represents an alternative to the
conventional approach for traumatic aortic rupture.
Because of the lower invasivity avoiding thoraco-
tomy and use of heparin, endovascular repair can be
applied in acute patients without the risk of destabi-
lizing pulmonary, head or abdominal traumatic le-
sions. However, despite the good deal of convincing
evidence for endovascular treatment for thoracic aor-
tic diseases and for traumatic aortic injuries as a valid
and efficacious alternative to surgery, several reports
show a variety of late complications of thoracic en-
dografts especially for first-generation stent-grafts.
In light of this, is the endovascular treatment really
safe, efficacious and free from complications in the
long term? This manuscript aims to offer a moment of
reflection on this important chapter of aortic
pathology. Copyright © 2013 Science International Corp.
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Introduction

Traumatic rupture of the thoracic aorta is a life-
threatening lesion and it occurs in 10 to 30% of
deaths due to blunt thoracic trauma and it is the
second most common cause of death after head in-
juries [1,2]. The highest mortality usually occurs within
the first few hours after injury; almost 90% of patients
die at the scene of the accident and approximately
one third of patients who arrive at the hospital die
before surgical treatment [3,4].

The first references about aortic rupture date back
to Vesalius in 1557, after falling from a horse. Nowa-
days traumatic aortic rupture is the second most com-
mon cause of trauma-related deaths, leading to 8000
deaths per year in USA [5].

The majority of tears or ruptures occur at the aortic
isthmus; at this site, the relatively mobile thoracic
aorta joins the fixed arch and the insertion of the
ligamentum arteriosus. In 1947, Strassman reported in
a cohort of 7000 autopsies only 0.7% of patients with
traumatic aortic rupture. But several recent investiga-
tions have shown that traumatic aortic rupture occurs
in 22% of fatal blunt trauma [1,6]. In the era of high-
speed motor vehicles, there has been an increased
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incidence of traumatic aortic injuries. In fact, injury is
often associated with rapid deceleration in road traffic
accidents or falls. The use of seat belts has partially
modified the characteristics of the trauma impact that
leads to aortic injury. However, air bags and seatbelts
do not protect against this type of impact. On the
other hand, the frequency of lethal injuries in head-on
collisions is lowered by the mandatory use of re-
straints, which protect the victim from thoracic and
head lesions, but not from the mechanism producing
aortic injury.

The diagnosis and management of traumatic tho-
racic aortic injuries have undergone some major
changes in the last few years. In fact, the replacement
of chest X-rays by routine Computed Tomography (CT)
scan for screening purposes in high-speed decelera-
tion injuries has resulted in an earlier and more fre-
quent diagnosis of traumatic aortic injuries. Angiogra-
phy has largely been replaced by CT scan for the
definitive diagnosis of traumatic aortic ruptures.

Nowadays, angio CT-scan represents the gold stan-
dard for the diagnosis of traumatic aortic ruptures. It is
widely available in emergency departments and it
allows us to study the total body in a few seconds, also
highlighting minimal aortic lesion.

The best time to intervene in the aortic lesion and
whether surgery should be preceded or followed by
the treatment of associated traumatic lesions have
long been a matter of debate. Immediate surgery has
been characterized by a high mortality and morbidity
rate, ranging between 20 to 40%. In a retrospective
report of 144 patients undergoing surgery within an
average of six hours after arrival in hospital, there was
an intraoperative mortality of 10.2% and postopera-
tive mortality of 18.4% with major postoperative mor-
bidity such as paraplegia reaching 10.5% [7]. In a
recent multicenter trial involving 274 patients col-
lected over 2.5 years, the overall mortality was 31%,
with 14% of operative mortality in stable patients
undergoing planned thoracotomy [8]. In light of this
very high risk for immediate surgical intervention, in
the past the surgical repair of an aortic rupture had
been delayed because of coexisting injuries such as
central nervous system trauma, severe respiratory in-
sufficiency, extended body-burns sepsis, and contam-
inated open wounds, rendering the surgical risk too
high as reported by Akins in 1981 [9].

Because of the high morbidity and mortality, since
1992 we have delayed aortic repair in all patients who

have arrived alive at the hospital unless signs of im-
pending aortic rupture such as hemodynamic instabil-
ity, massive hemothorax, and/or contrast media ex-
travasation on CT-scan were present [10]. Several
studies have shown that delayed repair of traumatic
aortic injuries has significant survival benefits and a
much lower mortality rate compared with early open
repair [11]. In 2005 we reported an improvement of
patient outcome with traumatic rupture of the tho-
racic aorta by delaying surgical repair until after man-
agement of major associated injuries and in the ab-
sence of signs of impending rupture [12].

In light of this, in our institutions, for the manage-
ment of traumatic aortic lesions, we routinely adopt
the algorithm reported in Figure 1. Surgery or endo-
vascular treatment is delayed in the case of stable
patients, while immediate surgical or endovascular
repair is reserved for unstable patients with signs of
impending rupture.

It is clear that despite developments in operative
techniques, considerable operative mortality and mor-
bidity associated with a surgical approach still remain,
even if delayed. Endovascular stent grafting of the
thoracic aorta provides an exciting new alternative to
the conventional approach for treating traumatic aor-
tic rupture and it is emerging as the preferred tech-
nique for elective or emergent treatment of descend-
ing thoracic aortic lesions. It is a less invasive approach
compared with open surgery and it is preferable for
stabilization of the aortic lesion in patients with mul-
tiple traumatic injuries. Because of the lower invasive-
ness, avoiding thoracotomy and the use of heparin,
endovascular repair can be applied in the acute pa-
tients without the risk of destabilizing pulmonary,
head, or abdominal traumatic lesions. In early clinical
series, endovascular treatment demonstrated lower
morbidity and mortality in comparison with open sur-
gical repair even in high-risk patients [13]. At present,
several reports in the literature have provided data on
comparative results of endovascular therapy with re-
spect to open surgery, supporting the use of stent
graft in traumatic aortic injuries, both in acute and
chronic cases. In a 2008 meta-analysis, Xenos showed
that endovascular treatment of descending thoracic
aortic trauma is a valid alternative to open surgical
repair. It is associated with lower postoperative mor-
tality and ischemic spinal cord complication rates [14].

In 2008 Demetriades, in a multicenter study of the
American Association for the surgery of Trauma re-
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ported a considerable reduced mortality rate in the
endovascular repair group as compared with open
surgical repair [15].

Even if the majority of traumatic injuries are stable
lesions, in approximately 5% of them, the risk of rup-
ture may be high in the acute phase. Signs of impend-
ing rupture such as uncontrolled blood pressure, con-
trast medium extravasation on CT-scan, repeated
hemothorax, periaortic hematoma, or irregular lesions
are considered signs of instability [16].

Even for endovascular treatment in the acute phase
we deal with the same question: emergency or de-
layed treatment? Sometimes the aortic tear, acting
with a valve mechanism, may cause a pseudo-
coarctation syndrome producing a reduction of flow
in the descending aorta with lower extremity isch-
emia. This complication represents an emergency, ac-
counting for 10% of victims. In these unstable pa-
tients, endovascular techniques offer a suitable
alternative to emergency open repair, even if some
limitations of the endovascular procedures exist such
as possible facial bone trauma which contraindicates
transesophageal echo or frequent aortic wall intramu-
ral hematoma with consequent high risk of stent-graft
migration.

Because endovascular treatment requires some pe-
culiar anatomic conditions, not all the patients can be
treated. Proper peripheral vascular access (at least 7–8
mm of diameter of femoral or iliac artery) is necessary,
but this condition is not always available, especially in

young patients. One of the most important anatomic
characteristics of any lesion allowing endovascular
treatment is the presence of an adequate proximal
neck (at least 5 mm of non-diseased aortic wall from
the origin of the subclavian artery). The aortic isthmus
is usually very close to the left subclavian artery and
sometimes the lesion is in contiguity with, or at a
limited distance from, the origin of the vessel. Stent
grafting of the descending thoracic aorta ideally requires
a proximal landing zone distal to the origin of the left
subclavian artery and proximal to the visceral arteries.

Several studies have reported the artificial creation
of a landing zone by covering the left subclavian
artery with the stent graft, with or without previous
subclavian to carotid transposition or bypass grafting,
increasing the risk of ischemic complications such as
stroke, left arm and spinal cord ischemia, or cerebellar
infarction [17–19]. Revascularization of the left subcla-
vian artery with transposition or bypass from the ca-
rotid artery has been shown to prevent these compli-
cations.

Sepehripour in a meta-analysis of 2011 showed that
when coverage of the left subclavian artery is anatom-
ically necessary, partial coverage is better than com-
plete coverage in order to avoid these complications.
Revascularization may be considered, but these deci-
sions should consider the individual patient scenario
[20].

But is the endovascular treatment really safe, effi-
cacious, and free from complications in the long term?

Traumatic aortic lesion 
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Figure 1. Bologna’s strategy in case of traumatic aortic rupture.
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In general, despite the fact that there is a good
deal of convincing evidence for endovascular treat-
ment for thoracic aorta diseases and for traumatic
aortic injuries as a valid and effective alternative to
surgery, several reports show a variety of late com-
plications, especially for first-generation thoracic
endografts [21].

Both short- and midterm outcomes after en-
dografting thoracic aortic lesions are encouraging,
with significantly lower morbidity and early mortal-
ity compared with open surgery. However, despite
emerging popularity and growing interest as an
alternative to surgery, endograft design and manu-
facturing have not kept pace with growing clinical
ambition. Major challenges associated with endo-
vascular procedures using the current generation of
endografts range from the relative rigidity and size
of the delivery system to the failure of thoracic
endografts to conform snugly with the anatomy of
the aortic arch [22].

Various structural and positional changes in older
first-generation endografts have been reported. The
time-related changes in shape, physical structure and
position of the stent-grafts have, as a consequence,
secondary endoleaks, graft thrombosis, aneurysm rup-
ture, and reperfusion from collaterals [23]. The aorta of
patients with traumatic injuries differs from athero-
sclerotic diseased vessels for which these grafts were
designed. Usually these patients are younger and have
normal, smaller proximal aortic diameters, such that
grafts are oversized by 10% to 20%. Since smaller
endografts are not available, large mismatches be-
tween the diameter of the aorta and the endograft
may occur, thus increasing the risk for endograft col-
lapse. In case of bigger oversizing, the endograft un-
dergoes significant compression forces and torque at
the proximal descending aortic angle. Excessive over-
sizing, especially if by greater than 25%, may cause
wrinkling of the stent graft and make it subject to
collapse [24]. The collapse may occur within 24
hours after stent implantation or after some
months. Graft collapse may cause total aortic clo-
sure and distal malperfusion [25–27].

Usually, it is common to use more than one com-
ponent to treat a thoracic aortic aneurysm, which
causes some risk of device separation as the aortic wall
remodels, especially if there is insufficient component
overlap or coupling [28]. As a consequence, type I and
type III endoleaks are more likely to occur due to

challenging seal zones and device migration increas-
ing the likelihood of developing systemic pressures
within the aneurysm sac.

Physiological coarctation of the aorta from protru-
sion of a thoracic stent graft into the arch is a com-
plication of thoracic stent grafting distinct from the
more commonly described graft collapse. The protru-
sion of the stent graft into the arch causes the ob-
struction of the aorta. Patients may present with
symptoms of aortic arch coarctation such as proximal
hypertension, left upper extremity ischemia, or left
carotid or vertebral insufficiency despite having a pat-
ent endograft [29]. Perforation of the aortic wall by a
stent graft is an infrequent complication of thoracic
stent-graft implantation. This complication is usually
due to the metallic component of the stent causing
friction against the aortic wall because of continuous
pulsatility of the aorta. This complication underlines
the importance of completely examining the long-
term durability and compatibility of prosthetic mate-
rials [30].

Aortoesophageal fistula secondary to thoracic aor-
tic stent-graft placement is an unusual but cata-
strophic complication of endovascular repair of the
thoracic aorta with very limited therapeutic options.
The fistulae may arise secondary to the development
of pseudoaneurysm, endoleak into the residual aneu-
rysm sac, or erosion of the stent graft through the
aorta from graft infection [31–34].

In light of the above and in consideration of the
complications which endoprostheses may undergo,
continuous and meticulous follow-up of these devices
with regular imaging is advised [35].

It is clear that frequent and sustained surveillance is
essential for safe management of patients. The pri-
mary motivation for close surveillance includes the
evaluation of residual aneurysm sac size, presence of
endoleak, and device migration allowing an early
identification of potential adverse events. In fact a
reintervention rate of 10% per year has been reported
for treatment of problems identified on follow-up sur-
veillance [36].

The CT-scan is usually the method of choice for
periodic assessments during follow-up protocols after
endovascular aneurysm repair (EVAR). The routine use
of contrast-enhanced CT-scans has become more con-
troversial since repeated scans with their inherent
ionizing radiation have been suggested to have carci-
nogenic potential. This evidence suggests that less-
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frequent CT scans may simplify the follow up protocol,
reduce radiation exposure and the total cost of EVAR
[37,38].

In spite of the fact that endovascular techniques can
now be considered an effective alternative to open sur-
gery in the treatment of traumatic thoracic aortic injuries,
the long-term durability of a stent graft for traumatic
aortic lesions is still unknown. Techniques and technol-
ogies continue to improve and the results obtained
should be viewed as work in progress.

Early outcomes appear successful, but these results
may be deceiving especially for those patients with
compromised anatomy and the risk of late stent-graft
migration, loss of device integrity and local erosion or
rupture of the aortic wall. At present, the lack of
long-term data and the evolving technology of stent-
graft design should be an incentive for exercising
great care in patient selection [39,40].

Comment on this Article or Ask a Question
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