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INTRODUCTION

Traumatic transection of the thoracic aorta (TTA) is a 
life-threating emergency in blunt thoracic injury and is the 
second most common cause of death after head trauma [1]. 
TTA is associated with accidents that involve sudden decel-
eration, such as that experienced in a car crash, and usu-
ally occurs at the aortic isthmus [2]. The bidirectional force 
impacts on the aortic isthmus where the fixed aortic arch 

connects to the relatively mobile descending thoracic aorta. 
An article in 1958 by Parmley et al. [3] reported an 

85% pre-hospital mortality in patients with TTA. Tradi-
tional open repair was standard treatment, but a 20-year 
meta-analysis published in 1994 reported a mortality and 
paraplegia rate of 32% and 9.9% respectively [4]. Patients 
with TTA often have accompanying multiple organ dam-
age, which puts them at high risk for an open thoracotomy 
procedure, single lung ventilation, heparinization, aortic 
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clamping, and multiple transfusions. Recently developed 
thoracic endovascular aortic repair (TEVAR) has advantages 
compared to open surgery for management of TTA [1-4]. 
TEVAR was originally developed to treat thoracic aortic 
aneurysms, but with advances in stent graft material and 
technique, it has now been modified to treat TTA [5]. The 
aortic diameter is generally the most important anatomical 
consideration when performing aortic stent grafting [5]. 
Patients undergoing TTA are typically young, and their aor-
tas are usually small, unlike those encountered in patients 
with aortic aneurysmal changes. Most stent grafts for TE-
VAR were developed for aortic aneurysms, and their wire 
design was not developed for a small aorta or for the aortic 
isthmus. The aortic isthmus is anatomically located between 
the origin of the left subclavian artery (LSA) and the aortic 
end of the ductus arteriosus [6]. Most TTA lesions are lo-
cated within a few centimeters of the aortic isthmus. Each 
individual has a unique aortic isthmus anatomy. We found 
a reversal of upper and lower blood pressure differences 
among patients who underwent TEVAR for TTA. We ob-
served the status of the aortic isthmus based on computed 
tomography (CT) images of all patients who underwent TE-
VAR in Inha University Hospital with TTA. The parameters 
affecting aortic isthmus narrowing were also analyzed. In 
this paper, we investigate the frequency of aortic narrow-
ing (AN) after TEVAR in patients with TTA, and discuss the 
causes and clinical features.

MATERIALS AND METHODS 

The use of TEVAR for the treatment of acute traumatic 
TTA was evaluated in 18 consecutive patients (12 men) 
treated in our regional emergency center between Novem-
ber 2008 and March 2017. Sixteen patients were included 
in this study except two deaths. The mean patient age was 
48±31 years. Most of the patients (14, 87.5%) had been in-

volved in traffic accidents, and two (12.5%) had a fall from 
a height. The mean injury severity score was 53±12. All 16 
patients had associated injuries; all had multiple rib frac-
tures, eight had lung contusions, eight had hemothorax, 
eight had hemoperitoneum, five had orthopedic fractures, 
one had cerebral hygroma, one had diaphragm rupture, and 
one had rhabdomyolysis (Table 1). TEVAR was performed 
under general anesthesia in an angiography suite, as previ-
ously described [7]. The right common femoral artery was 
used as the main route. Cut down was used for femoral ac-
cess in the first five cases, and a closure device was used 
subsequently. The injury locations were confirmed using 
arch aortography, which depicted the arch vessels in a 
straight line at the left anterior oblique. Patients received 
anticoagulation with a weight-based heparin protocol when 
bleeding problems were considered unlikely. The thoracic 
devices selected were 15% to 20% oversized stent grafts. 
The stent grafts used were SEAL (S&G Biotech, Seongnam, 

Table 1. Patient characteristics
Variable Patients (n=16)

Age (y) 48±31

Male/female 14/2

Traffic accident 14 (87.5)

Injury severity score 53±12

Associated injuries, n

   Multiple rib fractures 16

   Lung contusion 8

   Hemothorax 8

   Hemoperitoneum 8

   Orthopedic fractures 5

   Cerebral hygroma 1

Values are presented as mean±standard deviation, number only, or 
number (%).

A B

Fig. 1. Aortic narrowing was 
confirmed by 3-dimensional 
computed tomography (A: axial 
view, B: sagittal view). The ar-
rows shows inward folding of 
the stent graft at the aortic isth-
mus.
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Korea) and Zenith TX2 (Cook Medical Inc., Bloomington, IN, 
USA). The LSA was covered, if needed, to obtain a proper 
landing zone or better apposition with a lesser curvature of 
the aortic arch. Selective subclavian artery revascularization 
was not performed. Additional aortography was conducted 
just before device deployment to confirm proper position-
ing, and final aortography was performed after deploy-
ment. Post-deployment balloon angioplasty was undertak-
en selectively when aortography showed a type I endoleak. 
Femoral arteries were repaired using a closure device or 
manually after removing the delivery device. Follow-up CT 
scans were obtained at one week and six months and an-
nually thereafter. Systolic blood pressure was managed at 
<120 mmHg in the outpatient clinic. 

The 16 patients were divided into two groups: the aortic 
AN group and the non-aortic narrowing (NAN) group. We 
excluded two patients who died. AN was defined as inward 
stent graft folding at the aortic isthmus of more than 5 
mm, confirmed by three-dimensional (3D) axial CT scans 
(Fig. 1). The length of the aortic isthmus on sagittal and 
coronal views, the length of the pseudoaneurysm, and the 

length from the left subclavian artery to the lesion were 
recorded. The area index was calculated by multiplying the 
horizontal and vertical diameters of the stenotic region of 
axial CT by body surface area.

The angle of the isthmus was measured using 3D CT im-
ages (Fig. 2). 

The Mann-Whitney U-test was used to compare cat-
egorical variables between the two groups. Statistical 
analyses were performed using IBM SPSS Statistics ver. 19.0 
software (IBM Co., Armonk, NY, USA).

RESULTS

AN was noted in five patients (31.3%). Among them, 
blood pressure reversal of upper and lower extremities was 
noted in two patients (each 20 mmHg and 10 mmHg at 
systole). No patients complained of lower extremity clau-
dication. The area index in the NAN group (2.16±0.35 cm2/
m2) was larger than that in the AN group (1.74±0.77 cm2/
m2). The diameter of the pseudoaneurysm in the NAN 
group (31.9±4.2 mm) was smaller than that in the AN group 

a

b

�
A

a

b�
5.00 mm

5.00 mm Fig. 2. Angle of the isthmus 
shows the angle between the 
aortic arch and the descending 
aorta. a: isthmus upper, b: isth-
mus lower.
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Fig. 3. Aortic narrowing (AN) 
that developed in patients with 
an isthmus angle of less than 
110 degrees. An aortic angle 
of 100 degrees showing aortic 
narrowing by inward stent fold-
ing at isthmus (A), and an aortic 
angle of 130 degrees showing 
good contour (B).
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(37.4±7.5 mm). The distance from the subclavian artery in 
the NAN group (15.7±9.3 mm) was longer than that in the 
AN group (8.4±3.2 mm). However, not all parameters were 
statistically significant. The angle of the isthmus in the AN 
group (107±3 degrees) was smaller than that in the NAN 
group (131±6 degrees), and this was the only statistically 
significant difference (P=0.002, Fig. 3). Stent size, aorta di-
ameter, injury severity score, and age were not statistically 
significant (Table 2). There was no acute endograft aortic 
collapse after TEVAR.

DISCUSSION

The term ‘hostile neck’ was first used by Dillavou et al. 
[8] in 2003 to characterize EVAR outcomes in patients with 
unfavorable aortic neck anatomy of the abdominal aortic 
aneurysm. Hostile neck refers to an aortic neck angle of 
more than 60 degrees, a diameter of more than 28 mm, and 
a length of less than 15 mm. Hostile anatomy of the aortic 
neck has been associated with poorer outcomes, particularly 
with a significant increase of proximal endoleaks and graft 
migration [9,10]. Studies of anatomic factors, such as hostile 
neck in the thoracic aorta are extremely rare. Muhs et al. [11] 
reported acute endograft collapse after Gore TAG treatment 
of thoracic aortic dissection or traumatic rupture. They 
reported that aortic collapse was increased in patients with 
aortic diameters less than 23 mm. Patients with traumatic 
aortic rupture are mostly young with normal aortas, and 
the mean diameter in our study was 24 mm. However, there 
was no aortic collapse in our patients, and this may be due 
to a technical or material fault from the first-generation 
stent graft. We reported better operative result and follow-

up result of up to 9 years in these series [7]. Peldro et al. [12] 
reported aortic anatomy and complications of the proximal 
sealing zone after endovascular treatment of the thoracic 
aorta. They concluded that there was a strong association 
between complications and aortic morphology. Aortic tor-
tuosity was the most important risk factor. Demertzis et 
al. [13] reported the anatomical features of the aortic arch, 
such as its steepness and the take-off angles by means of 
3D multiplanar reconstruction of thoracic angio-CT scans. 
There was significant variation of all measured parameters 
between the subjects. A standard aortic arch does not seem 
to exist. 

Most aortic lesions in TTA were less than 1.5 cm from 
the left subclavian artery. It was about 0.8 cm closer to the 
left subclavian artery in the AN group. However, there was 
no statistical significance. The only significant factor was 
aortic isthmus angulation. All AN occurred in patients with 
a steep isthmus of less than 110 degrees. The authors’ find-
ings suggest that AN occurs when a stent graft is placed on 
the neck of an small aortic isthmus, and the stent wire is 
folded inward by a lesser curvature angle. However, no pa-
tients with AN complained of lower extremity claudication. 
There were two patients whose lower leg blood pressure 
was 10 mmHg lower than their upper arm blood pressure. 
However, these patients may have coarctation of aorta. We 
are regularly monitoring these patients in our outpatient 
clinic. We recommend all TTA patients with TEVAR should 
be followed for long time.

The limitation of this study is the small number of pa-
tients although AN in these patients has not been reported. 
Aortic isthmus narrowing is thought to be observed in a 
substantial number of patients although it is not diagnosed 
correctly because there are not enough symptoms.

The advantages of TEVAR are too much to abandon 
TEVAR in TTA and to choose the open surgery. How do we 
avoid aortic isthmus narrowing in patients with an acute 
isthmus angle to treat traumatic aortic transection? 

Development of a thoracic stent graft that takes isthmus 
anatomy into consideration is one solution. Traditionally, 
most thoracic stent grafts are cylindrical. It is thought that 
making the lengths different according to the position of 
the lesser curvature and greater curvature can prevent the 
wire from being folded in. If there are coarctation symp-
toms, additional stent insertion could be another solution.

In conclusion, TEVAR appears to be a good alternative 
for treating acute TTA. However, AN by stent graft folding 
should be considered when performing TEVAR for trau-
matic aortic transection with an acute angle of the isthmus 
less than 110 degrees. 

Table 2. Parameters between the AN group and the NAN group
Variable AN NAN P-value

No. of patient 5 (31.3) 11 (68.8)

Age (y) 38±12 49±15 0.156

Area index (cm2/m2) 1.74±0.77 2.16±0.35 0.308

Diameter of pseudoaneurysm 
   (mm)

37.4±7.5 31.9±4.2 0.139

Length from LSA (mm) 8.4±3.2 15.7±9.3 0.089

Injury severity score 54.0±10.4 48.0±10.2 0.214

Stent size (mm) 30.0±1.4 29.7±3.0 0.411

Aorta diameter (mm) 24.8±0.8 24.7±2.8 0.528

Angle of isthmus (degree) 107±3 131±6 0.002

Values are presented as number (%) or mean±standard deviation.
AN, aortic narrowing; NAN, non-aortic narrowing; LSA, left sub-
clavian artery.
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