Original Article

Post-traumatic acute thoracic aortic injury (TAl)—a single center
experience
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Background: We assess the effectiveness and our experience in emergency thoracic endovascular aortic
repair (TEVAR) in patients with post-traumatic acute thoracic aortic injury (TAI) and associated multiorgan
trauma. TAI is a life-threatening condition. It usually results from a sudden deceleration caused by vehicle
accident, a fall or some other misfortune. Techniques of endovascular aortic repair have become promising
methods to treat emergent TAL

Methods: Since 2007, 114 patients with thoracic aorta pathologies have been treated by TEVAR. Our
study involved 15 (incl. 14 men) of them (13%) who underwent stent graft implantation for post-traumatic
either aortic rupture or pseudoaneurysm. The procedural access was limited to small skin incision in one
groin and percutaneous puncture of the contralateral femoral artery. We evaluated technical success, early
and long-term mortality, complication rate of procedure and throughout clinical and instrumental follow-up.
Results: Technical success rate was 100%. All patients survived the endovascular interventions. No additional
procedures or conversions to open surgery were necessary. After the operation, none of the patients had
symptoms of stroke or spinal cord ischemia (SCI). No serious stent-graft-related adverse events such as
endoleak, infection or migration were noted during follow-up period that ranged from 6 to 108 months.
Conclusions: In our department, techniques of TEVAR with stentgraft implantation have become
methods of choice in treatment of traumatic TAIs since they have enabled to minimize operational risk,
particularly in unstable multitrauma patients in severe clinical status. TEVAR for TAI performed in

emergency settings provide favorable long-term results.

Keywords: Thoracic aortic injury (TAI); endovascular repair; stentgraft; outcome

Submitted Jul 10, 2017. Accepted for publication Oct 10, 2017.
doi: 10.21037/jtd.2017.10.104
View this article at: http://dx.doi.org/10.21037/jtd.2017.10.104

Introduction blunt thoracic trauma and often is considered as a life-

The damage of the heart and large vessels is diagnosed in threatening injury (2). Damage to these structures occurs

even 30% of victims of serious injure and it is second after mostly as a result of traffic accidents and a degree of aortic
head trauma cause of multiorgan trauma-related deaths (1). wall injury is directly proportional to the energy (3). The

Thoracic aortic injury (TAI) occurs in 2% of cases with vast majority (even up to 90%) of patients with aortic injury
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die at the scene of accident or during transport to the
hospital. However, at least of 70% of those who reach the
emergency departments can be saved.

The consequences of major aortic injuries can be
critical. The sudden hemorrhage, hypovolemic shock,
and consequently death affect 85% of victims (3,4). In the
remainders self-limiting hematoma or pseudoaneurysm
may develop (5). The mortality rate of victims with TAI
who reach the hospitals can be decreased to approximately
5% if appropriate surgical or percutaneous techniques
are applied. There is no doubt that TAI among accident
survivors represents a direct threat to life and requires fast-
track diagnostic and therapeutic pathways (3-6).

The aim of our study was to assess the safety and
outcomes of endovascular treatment with stentgrafts of TAI
in multiorgan trauma patients. The primary outcomes were
technical successful deployment of stent graft and in-hospital
mortality. The secondary outcomes included procedural local
complications, neurological adverse events such as stroke or
spinal cord ischemia (SCI) and left arm claudication.

Methods
Patients

Since 2007 to July 2017 we have performed endovascular
treatment [(thoracic endovascular aortic repair (TEVAR)]
of the thoracic aorta pathologies in Department of Cardiac
Surgery and Transplantology in Poznan in 114 patients.
In 15 (14 men and 1 woman) of them (13% of all patients
treated with intravascular techniques) with the median age
of 30 years (18—64 years), emergency implantation of a stent
graft for TAI was necessary.

According to the rules of Local Bioethical Committee
of our university the Statement of Ethics Approval is not
required for retrospective data analysis of patients treated
with the use of standard methods.

Preoperative examinations

Patients after accidents were firstly admitted to the
emergency departments of the regional hospitals. Then after
examinations including trauma scan and echocardiography
were performed and as soon as TAI was recognized, patients
were transferred immediately to our department (the only
high reference center for endovascular treatment of thoracic
aortic aneurysms and injuries in 6 million inhabitants
macroregion).
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Every patient was diagnosed by means of computed
tomographic (CT) scan with contrast medium injection (CT
angiography) (Figure I). The analysis of CT angiographic
scans of TAI included: type of injury, aortic arch anatomy,
vertebral artery dominance, existence of atherosclerosis,
length of aortic wall injury, aortic diameter at the site of
injury as well as of proximal and distal segments to aortic
pathology, distance between the left subclavian artery (LSA)
origin and planned landing zone (LZ) of stent graft.

Stent graft implantation procedure

Each endovascular procedure was performed as an emergency
operation in the endovascular operating C-arm unit
(Allura, Philips Medical Systems, Best, The Netherlands).
Awvailable image intensifier field sizes were 17, 23, and 31 cm.
Generally, procedures were performed with the use of ionic
contrast medium (non-ionic one was reserved for patients
with allergy and pre-existing renal failure). The injection of
contrast medium was performed with the use of an automatic
syringe. Five to ten series were performed, depending on
clinical indications. Before surgery, the patients received
5,000 IU of heparin, except one case with a fracture of the
skull base. In all individuals, antibiotic prophylaxis was used
according to the approved hospital protocol. No spinal cord
protection methods were employed.

The medical team consisted of two cardiac surgeons,
intervention radiologist and anesthesiologist.

Postoperative evaluation

After the emergency endovascular procedures patients were
routinely transferred to our postoperative intensive care unit
(ICU) to monitor vital organs and systems performance.
If there were no obvious local complications and basic life
functions were stable, patients were discharge from our
hospital and referred to the specialized trauma centers.

In the first year after surgery, patients were regularly
followed up in outpatient facilities in first month after
procedure and every three months. During clinical follow-
up examinations at 1, 3, 6 and 12 months after stent graft
implantation controlled computed tomography angiography
(CTA) was also performed.

Data management

Because of no normal distribution the results are presented
as medians with the range (minimum-maximum).
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Results

The cause of TAI was traffic accident in 13 cases and in
2 was falling from a height, including the collapse of an
ultralight aircraft (Table I). The Injury Severity Scale (ISS)
in 80% (12 cases) was greater than 40. Eight patients
admitted to our department were conscious [Glasgow Coma
Scale (GCS) >12)], the 7 was unconscious, under sedation,
intubated and mechanically ventilated.

The indications for implantation of a stent graft were
rupture of the thoracic aortic wall (grade IV) in 9 cases (60%)
and aortic pseudoaneurysm (grade III) in 6 cases (40%).

Due to the serious state of the victims in 13 cases we
decided on general anesthesia. In two subjects, only a local
anesthesia was applied because of perforation of the trachea
in one patient and of spinal injury in cervical segment in
another one.

Thoracic stent graft implantations were performed
with surgical access, through the femoral arteries. The
left common femoral artery was punctured by Seldinger’s,
and the right one was exposed surgically. We implanted in
12 cases a Zenith (Cook Medical, Bloomington, Inc., USA),
in 3 cases GORE TAG (Gore Medical, Flagstaff, USA)
stent grafts. In eleven cases, the proximal end of the stent
graft was positioned in the 3 and 4 LZs, in four cases in LZ
2 covering the orifice of the LSA.

There were no complications during the procedure, and
the oversizing of the stent graft relative to the aorta not
exceeded 10%. The control angiography demonstrated
laminar flow of blood through the prosthesis and the thoracic
aorta and complete exclusion of the injured aortic segment
(Figures 1-3). The median of graft length was 140 mm
(134-160 mm) and a diameter 28 mm (24-34 mm) (Table 2).

All patients survived the intervention without any
additional procedures or conversion to open surgery.
Immediately after the treatment no patient had symptoms of
SCI or other complications associated with the implantation
of the stent graft. The total time of the procedure was
87 minutes (70-130 minutes) and the total fluoroscopy time
did not exceed 25 minutes and the maximum dose 1 Gy.

All patients survived the hospital stay in Cardiac Surgery
Department and were referred to traumatic departments
for treatment of additional stable multiorgan injuries. In
the early period after implantation of the stent graft the
Velazquez syndrome (fever and leukocytosis but without
markers of infection such as high sensitivity C-reactive
protein and procalcitonin) was observed in five cases.

The early mortality within 30 days was 0/15 (0%). In
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almost each case the patient’s length of stay after surgery
in the Department of Cardiac Surgery does not exceed
24 hours. Overall survival for the cohort was 100% and
in follow-up all the patients were still alive. None of them
required secondary intervention because of TAl-related
complications and the technical success rate was 100%.

The follow-up period was 6-108 months and control
examinations included CTA at 1, 3, 6, 12 months after
procedure, and later on once a year (Figure 4). It has been
shown in each case the correct position and prosthesis
function, complete exclusion of aortic wall pathology without
leak evidences. There were neither migration or break
the graft. Moreover, no cases of aorta dilatation and the
formation of false aneurysms were noted in the treated area.

Discussion

The medical history and physical examination may play
an important role in diagnosis of aortic lesions. Crucial is
interview of emergency medical team for the mechanism
and energy trauma. International and Advanced Trauma
Life Support (ITLS, ATLS) programs indicates the
use of a history and exam during both primary and
secondary surveys. The possible signs are pulse deficit in
lower extremities or left arm, unexplained hypotension,
hypertension in upper part compared with lower one. There
are also indirect symptoms that may indicate the extent
of the injury such as fracture of the first rib, shoulders,
sternum and pleural effusion. Up to 50% of victims presents
no external signs of chest trauma and the most important
factor is diagnosis based on mechanism of injury (7).

The CT trauma scan and focused assessment with
sonography for trauma (FAST) ultrasound are the
investigations of choice in multiorgan trauma patients at the
emergency departments. However, the highest sensitivity
in the diagnosis of aortic injury has CTA. CTA has a
sensitivity of 98% and specificity nearly 100% for the TAI
diagnosis. The definitive signs of TAI are: active contrast
extravasation, rupture, intramural hematoma, dissection,
pseudocoarctation (abnormality of aortic contour). The
suggestive signs are: mediastinal or periaortic hematoma,
retrocrural hematoma, critical aorta caliber reduction
(6,8-11). After TAI confirmation, a systolic blood pressure
should be kept below 100 mmHg (8-10).

The CT angiography is also critical for the planning of
TAI treatment and should include: type of injury, aortic
arch anatomy, vertebral artery dominance, existence of
atherosclerotic disease, length of aortic injury, aortic
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Figure 1 2D CT reconstruction of descending posttraumatic

aortic injury. CT, computed tomographic.

Figure 2 Fluoroscopy of descending aorta injury in LZ 2—

preparation for a stent graft implantation. LZ, landing zone.

diameter, LSA origin location and LZ of 20 mm in
length (11). The diameter of optimal stent graft should
exceed the diameter of the aorta by approximately 10%
(prosthesis oversizing). According to Tokyo Consensus,
determination of the intended location of the stent graft
positioning LZ includes a minimum 20 mm distal and
proximal aortic pathology-free segments (12,13).

The extent of damage to aortic wall is a result of the
deceleration or crushing forces during blunt trauma due
to the difference in pliancy between the ascending, arch
and descending aorta, and aortic isthmus fixed around the
ligament tension (5). Depending on the location of damage
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Figure 3 Fluoroscopy after stent graft implantation in LZ 2—
a correct implantation with contrast flow through stentgraft. LZ,

landing zone.

"TAI can be identified at the ascending part, aortic arch and the
descending aorta. In the first two cases, the result of torsion
forces is the formation of “water-hammer effect” —that inhibit
the flow of fluid in the vessel with increased intravascular
pressure back flow (6). These cases are rare, and include 7% of
aortic injuries. Injury of the descending aorta usually occurs as
a consequence of thoracic aorta crush between the spine and
the chest wall or as a result of hyperextension of the thoracic
spine, which constitutes 93 % of aortic injuries (5).

Up to now several classifications of TAI have been
proposed. The most popular and widely used grading
system is Azizzadeh classification: grade I: intimal tear;
grade II: intramural hematoma or intimal flap; grade III:
pseudoaneurysm; grade IV: free rupture (14). It was also
endorsed by Society of Vascular Surgery (SVS). Other
classifications are the Vancouver (15); Presley Trauma
Center (16) or Harborview one (17).

The minor aortic lesions term describes injuries that are
minor in nature—Azizzadeh grade I: intimal tears. This
injury was estimated to be present in 10-30% cases of TAI
but unfortunately there is no universal definition of this

7 Thorac Dis 2017;9(11):4477-4485
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Table 2 Stent graft implantation procedure

Buczkowski et al. Thoracic aortic injury

No Lz Graft diameter (mm) Graft length (mm) Total procedure time (min) Prosthesis
1 3 32 140 84 Zenith
2 4 26 134 77 Zenith
3 3 28 140 98 Zenith
4 3 28 140 96 Zenith
5 4 32 140 72 Zenith
6 2 30 140 112 Zenith
7 4 28 150 130 GORE
8 2 34 152 110 Zenith
9 3 34 160 70 Zenith
10 4 28 150 80 GORE
hh| 4 28 140 90 Zenith
12 4 28 140 90 Zenith
13 2 26 140 87 Zenith
14 4 24 150 82 GORE
15 2 28 140 78 Zenith

LZ, landing zone.

Figure 4 3D CT reconstruction in short term follow-up after stent
graft implantation in the descending aorta (LZ 3-4). CT, computed
tomographic; LZ, landing zone.
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lesion. Most studies used 1 cm criteria as the definition
of small injury (17,18). In our center we never observe
patients with minor aorta lesions. For minimal aortic injures
(MAI) the SVS guidelines suggested the noninvasively
individualized therapy including heart rate, blood pressure
control, proper anticoagulant and antiplatelet agents. The
SVS also suggests the serial CT angiographic follow-up at
1,3,6 and 12 months after the injury (19).

Endovascular techniques for treatment of TAI were used
first successfully in 1997 by Semba (20). The conventional
surgical repair exposes the patient to marked drop in blood
pressure and significantly longer procedures. These factors
contribute to more frequent postoperative cardiopulmonary
failure and neurological adverse events such as paraplegia.
The overall mortality rate following surgical intervention
of the descending aorta is much higher than the risk of
endovascular procedures (20-24).

Previous studies showed that increasing implementation
of endovascular stents use did lead to decrease in early
complications incidence and reduced hospital stay (20-25).
The treatment of endovascular stent graft implantation is a
relatively novel therapeutic method to treat TAI. According
to our knowledge, there are currently no long-term studies
with follow up period 10-15 years that could assess function

F Thorac Dis 2017;9(11):4477-4485
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of stent graft (25-28).

Surgical treatment of lesions of the ascending aorta
include classical surgery from median sternotomy with
the use of extracorporeal circulation and at least mild
hypothermia while repair of descending aorta requires wide
thoracotomy (14). The conventional surgical methods of
reconstruction of the descending part is still accompanied
by very high operative risk (15,16). Alternative endovascular
treatments (TEVAR), may enable to avoid surgical risk,
particularly among patients with critical, risk factors
and comorbidities (20-29). The highest volume TEVAR
comparison with open surgery in TAI cases was reported by
Demetriades and colleagues. The TEVAR group patients
received less blood transfusion and manifested lower
mortality rate and shorter in-hospital stay (29).

The only treatment of Grade III-IV before the era of
endovascular procedures were extensive classical surgical
procedures with a high risk of mortality ranging between
15% and 45% (22,30-32). Additionally, open repair with
graft interposition carried a few percent risk of paraplegia
(31,32). Moreover, all of traumatic patients usually present
other severe injuries and the application of extracorporeal
circulation with high-dose heparin administration may
result in severe adverse events and postpone treatment of
the associated injuries. Alternative endovascular technique
was shown to have mortality rate of 7,5% and minimal
neurological complications (paraplegia close to 0% and
stroke around 1.5%) in TAI subjects (33).

The decision for urgent or delayed intervention repair
should be based on combination of patient specific risk of
aortic rupture, grade of injury and imaging characteristics.
In stable aortic injuries—grade II and III the timing is
usually predicted by the severity of associated non-aortic
injuries. The patients without serious additional trauma
with stable aortic injuries should be performed within
24 hours of admission to avoid potential progression to
grade IV—rupture. The minimal invasive endovascular
TEVAR allow for earlier intervention in stable patients and
emergency treatment of unstable patients (29,34).

We should be aware that even endovascular repair of TAI
is associated with a risk of serious complications. The most
important are endoleaks, stent graft break or displacement
and retrograde aortic dissection (31). A clinical problem
in the treatment of pathologies of the descending aorta is
high risk of ischemic spinal cord injury (SCI, spinal cord
ischemia), which is 21% in the case of open surgery, and
from 2% to 12% among patients treated endovascular
(35,36). The total length of the prosthesis covering the
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descending aorta longer than 205 mm was proved to
increase the risk of spinal ischemia with consecutive
paraplegia and additionally elevates the pressure of
cerebrospinal fluid (37). In our group, no such long stent
grafts were implanted thus we luckily avoided SCL

In case of necessity to position the graft in LZ2 the
coverage of the LSA is a relatively safe maneuver (38-40).
The revascularization procedures of the LSA are only
necessary in about 10% of the treated cases. There are
known absolute indications such as diminutive, hypoplastic or
absent right subclavian artery (RSA), left internal mammary
artery coronary bypass graft, patient left axillary—femoral
bypass graft, functioning left arm arteriovenous shunt
for hemodialysis, aberrant origin and rare variants of the
anatomical origin of the left vertebral artery (LVA) (40-42).

In the group treated in our Department, we have not
observed steal syndrome or left upper limb ischemia
requiring revascularization. All patients stayed strictly
monitored several hours after the procedures. Clinical
check-up at ICU included also examination of the left upper
extremity perfusion with sonography.

The meta-analysis of Hajibandeh et 4l. proved that the
routine LSA revascularization was not found to significantly
reduce neurologic or mortality in patients undergoing
TEVAR with coverage of LSA (43). The Belczak et al.
reported very low incidence of arm ischemia-related
adverse events after LSA coverage without subsequent
revascularization. The randomized trials are required to
prove the routine revascularization strategy (44).

In the early period after implantation of the stent graft the
Velazquez syndrome was observed in less than 40% that was
consistent with previously published reports (9,10,24,25).

A limitation of endovascular treatment of diseases of
the aorta is also its diameter that should be between 22
to 46 mm to match commercially available stent grafts.
One should note that the maximal oversizing of the graft
should not exceed 10-15% (Tokyo Consensus) the size
of the aorta. Oversizing is necessary to provide adequate
radial force to keep deployed stent graft in place and
prevent from endoleak development around the graft
(45,46). Exceeding these values significantly increase
the risk of aortic rupture or dissection. On the other
side, difficulties may occur also in patients with aortic
diameter of less than 18 mm, where the open surgery
seems to be the only solution. We realize that the group
of 15 patients is not large. However, it is a very rare
treated disease and group number is comparable to the
ones cited in this article.

F Thorac Dis 2017;9(11):4477-4485



4484

Conclusions

In our department, techniques of TEVAR with stent-
graft implantation have become methods of choice in
treatment of traumatic TAls since they have enabled to
minimize operation-related risk of mortality and morbidity,
particularly in unstable multitrauma patients in severe
clinical status. TEVAR for TAI performed in emergency
settings provide favorable long-term results.
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