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Abstract

Purpose Thoracic endovascular aortic repair (TEVAR) for traumatic thoracic aortic injury (TTAI) reports short-term ben-
efits. However, long-term durability and the need of reintervention remain unclear. Here, we determined mid-term outcome
of TEVAR for TTAI and investigated the influence of the length of proximal landing zone on aorta.

Methods Between October 2009 and February 2018, 69 patients diagnosed TTAI and 42 included patients underwent
TEVAR. Patients were divided into two groups by the length of proximal landing zone; <20 mm and > 20 mm. The pri-
mary endpoint was success and survival rate, and the secondary endpoint was the increase of aorta size and the need of
reintervention.

Results The mean follow-up period was 47.9 +29.6 months and 100% success rate. No endoleaks or additional reinterven-
tions during the follow-up period. The cumulative survival of all-cause death was 90.5+2.3%, 85.7+4.1% and 61.7 +8.4%
at 1, 5 and 7 years, respectively. There was no statistically significant difference in the increase of aorta size due to the length
of the proximal landing zone (p =0.65).

Conclusion In selective TTAI patients for TEVAR, the length of proximal landing zone did not considerably influence the
aorta size or needed further reintervention.

Keywords Aorta - Endovascular procedure - Trauma - Stents

Introduction

Traumatic thoracic aortic injury (TTAI) is a devastating
injury. Prehospital mortality occurs in more than 75% of
patients and up to 50% of those arriving at the hospital
alive may die within the first 24 h after injury [1]. Tho-
racic endovascular aortic repair (TEVAR), first described
by Dake et al. [2], is widely used for the management of
TTAI including hybrid surgery. Regardless of the short-term
benefits of reduced morbidity and mortality compared with
those of open surgery, the long-term durability of TEVAR
and the need for secondary aortic reintervention following

P4 Gun-Jik Kim
straightroot@knu.ac.kr

Department of Thoracic and Cardiovascular Surgery,
Kyungpook National University Hospital, 130 Dongdeok-ro,
Jung-gu, Daegu, Republic of Korea

Trauma Center, Department of Surgery, Kyungpook National
University Hospital, Daegu, Republic of Korea

the procedure still remain an area of interest that should be
clarified. Most TTAIs occur within 20 mm of the origin of
the left subclavian artery (LSA) [3]. In emergency situations,
it presents a considerable challenge to follow the recom-
mended 20-mm proximal landing zone to perform traumatic
TEVAR. In addition, we should consider that TTAI patients’
aorta were mostly previously normal pathophysiology,
comparing with other aortic aneurysmal diseases requiring
TEVAR [4]. Therefore, there are some doubts whether to
follow the 20 mm length of proximal landing zone or to
reassess the required length of landing zone.

The aim of the present study was to analyze the mid-term
outcomes of a single-center experience with TEVAR for
TTALI The primary endpoint was the success rate and sur-
vival rate of TEVAR for TTAI, and the secondary endpoint
was the increase of aortic size and the need of reintervention
related to the length of proximal landing zone.
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Methods
Patients

Between October 2009 and February 2018, 69 patients
were diagnosed with TTAI at Kyungpook National Uni-
versity Hospital. We excluded 27 patients with traumatic
ascending aortic injury and descending aortic injury but
did not undergo stent-graft placement due to irrevers-
ible brain injury, who rejected operation, and with aortic
rupture before entering the operating room. 42 patients
underwent TEVAR for TTAI and were included in this
study to evaluate the clinical result. Pre-operative charac-
teristics, procedural details, and post-operative outcomes
were analyzed.

Patients were categorized into two groups by the length
of proximal landing zone (> 20 mm and <20 mm) to com-
pare the changes of the aortic size and need for reinterven-
tion. The institutional review board (IRB) of Kyungpook
National University Hospital approved this retrospective
study and no informed consent was required (IRB approval
No. 2018-09-004).

Trauma protocol and operative strategies

Trauma patients are evaluated by our hospital proto-
col, including computed tomography (CT) scans of the
head, chest, and abdomen, and further specific radiologi-
cal examinations whenever necessary. The patients were
evaluated by multidisciplinary trauma team, and the injury
severity score (ISS) was assessed [5]. The urgency of sur-
gery was determined considering the aortic injury grade,
presence of associated injury, mentality, and predicted
performance.

Pre-operative CT scans were reviewed to measure the
bilateral vertebral artery size for assessing the subclavian
steal syndrome with a policy of selective delayed subcla-
vian artery revascularization. All TEVAR procedures were
performed via the transfemoral approach. All procedures
were performed with the patient under general anesthesia,
and cerebrospinal fluid drainage was not performed for any
patient. Anticoagulation with heparin was prescribed at a
dose of 3000-5000 units. Patients with associated inju-
ries who had a high risk of bleeding, such as intracranial
hemorrhage or solid organ injury, received a less dose of
heparin.

TEVAR was performed using S&G SEAL Thoracic
Stent-Grafts (S&G Biotech, Seongnam, Korea) and Val-
iant Thoracic Stent-Grafts (Medtronic Vascular, Santa
Rosa, CA, USA). For patients with a healthy native aorta,
stent-graft oversizing was 5-10%, and excessive oversizing
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was considered over 20%. We attempted to apply the dis-
tal stent-graft on a native aorta, without exceeding the
10-11th thoracic vertebrae. The proximal landing zones
in the aortic arch were classified as 0—4 according to Ishi-
maru’s classification [6]. Combined operations were per-
formed according to the severity of injury at other sites.
Follow-up CT scans were performed before discharge, at 6
and 12 months after operation, and annually thereafter to
exclude complications such as endoleak, stent migration,
or pseudoaneurysm.

Definition

TTAI grade was classified as I-IV according to injury severity
using CT scans. Grade I is characterized by an intimal tear,
with no involvement of the media and no contour abnormali-
ties to the outside surface of the aorta. Grade II represents an
injury that extends to the media, such as an intramural hema-
toma or dissection, with the presence of an external contour
abnormality. Grade III indicates an aortic pseudoaneurysm,
and grade IV indicates free rupture [7].

Emergency TEVAR was defined when a trauma patient
was taken directly to the operating room from the emergency
department for emergency repair, and urgent TEVAR was
defined as repair performed within 2448 h after admission.

Primary success was defined as the complete exclusion of
the primary target lesion without any additional interventions.
Aortic reintervention was defined as the need for any surgical
or endovascular interventions following the initial TEVAR
procedure during follow-up. An endoleak was defined as radio-
logical evidence of blood flow outside the stent graft according
to published guidelines [8]. Increase of the proximal aortic
size was defined as a difference between the maximum proxi-
mal aortic size on final follow-up CT scans and pre-operative
maximum proximal aortic diameter.

Statistical analysis

Categorical variables are expressed as the numbers and per-
centages of patients. Continuous variables are expressed as
the mean + standard deviation or the median [interquartile
range (IQR)]. Statistical analysis was performed to compare
the groups using Pearson’s chi-square or Fisher’s exact test.
Survival status, including overall survival rates, and freedom
from aortic-related event were assessed using Kaplan—-Meier
survival curves. Statistical analyses were performed using
SPSS 20 software version (IBM, Armonk, NY).
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Table 1 Demographics and characteristics

Table 2 Mechanism of injury and details of aortic injury

Variables No. %

Characteristics No. %
Age [median (IQR), years] 47 (19-86)
Sex (male) 30 714
Hypertension 3 7.1
Diabetes 5 11.9
COPD 0 0
PAOD 0 0
CAOD 0 0
CVA 1 23
Renal insufficiency 0 0
Smoking 15 35.7
Transfer from another hospital 27 64.3
Systolic blood pressure <90 or heart 22 52.4
rate > 120
GCS (mean +SD) 13.2+34
Intubation 15 35.7
ISS (mean + SD) 28.6+8.9
Pre-operative cardiac arrest 2 4.8
Values are presented as the median (interquartile range),

mean + standard deviation or number of patients (%)

IQOR interquartile range, COPD chronic obstructive lung disease,
PAOD peripheral artery occlusive disease, CAOD coronary artery
occlusive disease, CVA cerebrovascular accident, GCS Glasgow
Coma Scale, SD standard deviation, ISS injury severity score

Results
Patient characteristics

The baseline characteristics of 42 patients who underwent
TEVAR for TTAI are shown in Table 1. The mean follow-up
period was 47.9 +29.6 months. The baseline characteristics
of 42 patients who underwent TEVAR are shown in Table 1.
The median age of the patients was 47 (range 19-86) years,
and 30 (71.4%) patients were males. The mean Glasgow
Coma Scale (GCS) score was 13.2 +3.4 and the mean ISS
score was 28.6 +8.9.

The mechanism of injury and details of aortic injury
are described in Table 2. The most common mechanism of
injury was automobile accidents, followed by auto-pedes-
trian collisions, and motorcycle accidents. Emergency
TEVAR was performed for 26 (61.9%) patients, and a com-
bined operation was performed for 21 (50.0%) patients.

The procedural details are shown in Table 3. The pro-
cedural success rate was 100% (42/42). No patient under-
went or converted to open surgical aortic repair after the
introduction of TEVAR, and there were no endoleaks or
additional reintervention during follow-up. Zone 1 TEVAR
was performed for one (2.4%) patient whose debranching
of the left common carotid artery and LSA to the ascend-
ing aorta was accomplished through median sternotomy.

Mechanism of injury

Car accidents 18 42.8
Motorcycle accidents 8 19.0
Auto—pedestrian collisions 11 26.2
Falls 3 7.1
Stretch car 1 24
Bike 1 2.4
Travel time to hospital (mean+ SD, min) 296.8 +785.7
Primary admission 43.7+39.5
Secondary admission 423.4+941.8
Emergency 26 61.9
Aorta grade
I 9 21.4
II 4 9.5
11 19 452
v 10 23.8
Maximum proximal aortic size (mean+SD, 26.8+0.3
mm)
Maximum distal aortic size (mean+SD, mm) 21.2+3.7
Combined operation 21 50.0

Values are presented as the mean =+ standard deviation or number of
patients (%)

SD standard deviation

Table 3 Procedural details

Characteristics No. %
Procedural success 42 100
Proximal stent-graft size (mean +SD, mm) 29.2+4.2
Length of stent-graft (mean + SD, mm) 114.7+12.1
Proximal stent-graft oversizing (mean+SD, %) 8.6+9.8
Landing zone
0 0 0
1 1 2.4
2 9 214
3 27 64.3
4 5 11.9
No. of stent grafts (per patient) (mean =+ SD) 1.0+0.3
Primary endoleak 2 4.8
Balloon angioplasty 1 24
Stent insertion 1 2.4
LSA revascularization 1 2.4
Rupture in operative room 5 11.9
TEVAR time (mean + SD, min) 80.5+59.9
Total operative time (mean + SD, min) 209.2 +186.7

Values are presented as the mean + standard deviation or number of
patients (%)

SD standard deviation, LSA left subclavian artery, TEVAR thoracic
endovascular aortic repair
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Table 4 Post-operative outcomes

Characteristics No. %

Ventilation time (mean + SD, min) 216.6+787.6

Reintubation 4 9.5

Total ventilation time (mean+ SD, min) 241.6 +794.2

Total ICU time (mean + SD, min) 315.8+794.1

Complications
Permanent neurologic deficit 5 11.9
Transient neurologic deficit 3 7.1
Post-operative ARF 7 16.7
Dialysis 3 7.1
Pulmonary complication 7 16.7
Infective complication 10 23.8
Spinal cord ischemia 0 0
Distal organ malperfusion 1 24
Rhabdomyolysis 1 24

Length of hospital stay (mean+ SD, days) 344+34.0

In-hospital mortality 4 9.5

Values are presented as the mean =+ standard deviation or number of
patients (%)

SD standard deviation, ARF acute renal failure, /CU intensive care
unit

Primary endoleaks were found in two patients, who required
the insertion of a balloon angioplasty and additional stent
insertion, respectively, and TEVAR was terminated. LSA
revascularization was performed prior to TEVAR through
median sternotomy only for Zone 1 patient.

Post-operative outcomes are shown in Table 4. There
were additional aorta-related complications (two cases). One
patient suffered distal malperfusion due to extended aortic
injury and required additional peripheral stents insertion
after TEVAR. The other patient developed rhabdomyolysis
due to severe aorta rupture needing massive hydration and
dialysis. The procedure-related neurological complications
were not recorded; however, permanent neurologic deficit
due to pre-operative poor mentality occurred in five patients.
Cases of left-arm claudication or other complications related
to the coverage of the LSA were not present, and spinal
cord ischemia was not observed. In-hospital mortality was
observed in 4 (9.5%) patients.

Survival

The overall mortality was 16.7% (7/42), and aorta-related
mortality was 2.4% (1/42) during follow-up. At 1, 5, and
7 years, the cumulative survival of all-cause death was
90.5+2.3%, 85.7+4.1%, and 61.7 +8.4%, respectively.
Kaplan—Meier curves of freedom from aortic-related event,
cumulative survival of aorta-related death and cumulative
survival of all-cause death are shown in Figs. 1, 2, and 3.
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Fig. 1 Kaplan—Meier curves of freedom from aortic-related event

Changes in the proximal aortic size according
to the proximal landing zone length

We analyzed the proximal aortic size according to the
proximal landing zone length in 41 patients except for 1
patient who underwent Zone 1 TEVAR (Fig. 4). A total
of 17 (47.5%) patients had proximal landing zone length
of <20 mm; among them, 4 (9.5%) patients had a landing
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Fig.4 Correlation between aortic diameter increase and length of
proximal landing zone

zone length of 10-15 mm from the stent covering zone to
the initial tear site. There were no endoleaks or additional
reintervention according to the proximal landing zone
length during follow-up.

When we had comparison of the proximal aortic size
increase of > 0% according to the proximal landing zone
(£20 mm and > 20 mm), there was no statistically sig-
nificant difference between the two groups (p=0.65).
In addition, the proximal aortic size increase of <0%

Table 5 Comparison of the increase in the proximal aortic diameter
according to the proximal landing zone length

Proximal landing
zone length

Proximal landing  p value
zone length

<20 mm > 20 mm
17 (47.5) 24 (58.5)
Aortic diameter 9(52.9) 11 (45.8) 0.90
increase <0%
Aortic diameter 8 (47.1) 13 (54.2) 0.65

increase > 0%

was not different between proximal landing zone length
of >20 mm and <20 mm (p =0.90) (Table 5).

When comparing the aortic size and aortic diameter
increase according to the zone, there was no difference
between zone 2, zone 3, and zone 4 TEVAR. The details of
these results are shown in Table 6.

Discussion

TTAI is a life-threatening emergency. Thoracic aortic injury
occurs in 2% of patients with blunt thoracic trauma and is the
second most common cause of death among trauma patients,
exceeded only by intracranial hemorrhage [9-11]. TTAI is
frequently related to a sudden deceleration in motor vehicle
accidents, and the injury most commonly occurs at fixed
points of the descending aorta. More than 80% of TTAIs
are located in the region of the aortic isthmus and typically
within 20 mm of the ligamentum arteriosum of the descend-
ing thoracic aorta [3] [12].

The injury is most likely the result of multiple simulta-
neous forces acting on the aorta during blunt impact [12].
These forces include movement of the sternum posteri-
orly with compression of the aorta onto the spine, a sud-
den increase in hydrostatic forces within the aorta, and the
deceleration stress on the aorta with shearing and torsion
of the descending aorta, which remains focally fixed by the
ligamentum arteriosum [4, 12, 13].

Since TEVAR was first introduced in the 1990s [2], it has
generally been recognized as an alternative to open surgery
for descending aortic pathologies. Furthermore, the recent
use of the hybrid approach has contributed to a wider accept-
ance of TEVAR. However, common post-operative adverse
events associated with TEVAR, such as endoleak, stent-
graft migration, and retrograde-type aortic dissection, which
require reintervention for better prognosis, are regarded as
its weaknesses [14].

Our study showed that the procedural success rate was
100%, and no patient underwent open surgical aortic repair
after the introduction of TEVAR. There were no endoleaks
or additional reinterventions during follow-up. Similarly,
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Table 6 Changes in the proximal aortic size according to the proximal landing zone length

LSA Coverage Non-coverage

Landing zone Zone 2 (N=9) Zone 3 (N=27) Zone 4 (N=5) Total (N=41) P
Proximal landing zone length (mm) 17.7+0.2 22.6+0.5 21.8+0.6 21.4+0.5 0.07
Pre-procedural proximal aortic size (mm) 27.0+0.2 26.6+0.3 27.6+0.2 26.8+0.3 0.82
Pre-procedural proximal aortic size (mm) 26.7+0.2 26.0+0.2 28.2+0.3 26.9+0.3 0.36
Aortic diameter increase 0.0 [-0.6;0.4] 0.3 0.0; 5.6] 4.1[-0.4;8.0] 0.3[-0.1;5.9] 0.53
ADI 0.97
ADI<0% 5(55.5%) 13 (48.2%) 2 (40.0%) 20 (48.8%)

0% < ADI<5% 2(22.2%) 6 (22.2%) 1 (20.0%) 9 (21.9%)

5% < ADI<10% 2(22.2%) 8(29.6%) 2 (40.0%) 12 (29.3%)

The proximal landing zone length of 41 patients was divided, and the increase in aortic size was analyzed during follow-up

LSA left subclavian artery, ADI aortic diameter increase

previous studies have reported favorable results [9, 15-18].
Ehrlichet al. [18] reported that TEVAR with 41 patients of
TTAI was technically successful in all cases (100%), and
the overall in-hospital mortality rate was 2.4% with a mean
13 months of follow-up. Lachat et al. [17] reported that
the immediate technical success rate was 100%, and there
were no post-procedure complications in all but one patient,
who died 12 h post-operatively (8% mortality). There was
no intervention-related morbidity or mortality during the
mean follow-up of 17 months. In addition, Steuer et al. [9]
reported that after a median follow-up of 36 months (range
10-98 months), among 17 patients, in-hospital mortality was
24% (4/17), and 3 patients required reintervention (18%),
(each patient only once; 1 for a type I endoleak, and 2 for
pseudocoarctation secondary to stent-graft infolding). Two
of them were treated endovascularly, and one had a stent-
graft explantation.

In our study, the overall mortality and aorta-related
mortality were 16.7% (7/42) and 2.4% (1/42), respectively,
during follow-up, and in-hospital mortality was observed
for 4 (9.5%) patients. Of the four patients with in-hospital
mortality, three patients died from pulmonary complication,
and one patient died from multi-organ failure due to distal
organ malperfusion by extended TTAI. The mean ISS score
of these patients was 38.5 and the mean GCS score was 7.5.
Among them, three patients had brain hemorrhage. Aorta-
unrelated late deaths secondary to unknown causes occurred
in three patients.

TEVAR should be dependent on the type of underlying
pathology. Patients with TTAI are usually young or middle-
aged without any preexisting aortic diseases. There are two
main differences between TTAI and aneurysmal aortic dis-
ease. In particular, TTAI patients are young patients with a
normal-sized aorta. Therefore, the aortic diameter in TTAI is
narrower than that in aneurysmal disease [19]. Devices with
a smaller diameter are required for these younger patients
with TTAI whose aortas have not begun to dilate [18]. In
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addition, the aorta in TTAI has a more acutely angulated
aortic arch [20, 21]. When the curvature of the aortic arch is
more angulated, delivery, deployment, and apposition of the
stent graft would be more difficult, which is representative
of a bird-beak configuration [20]. If combined with exces-
sive oversizing on a healthy, stiff aortic wall, this could lead
to a predisposition to device failure and stent-graft collapse
[22, 23].

Despite the various benefits of TEVAR for TTAI, the
long-term results of TEVAR remain a major issue. If trauma
patients are young, a longer follow-up is necessary to assess
the long-term durability of the devices and the adaptabil-
ity of the stent grafts to possible degenerative changes in
the thoracic aorta with increasing age [9, 18]. Therefore, a
multi-institutional prospective, randomized trial is required
for TTAI patients. In addition, the most important anatomic
characteristic of any lesion following TAVAR is the presence
of an adequate proximal neck. The aortic isthmus is usually
extremely close to the LSA and sometimes the lesion in con-
tiguity or with a limited distance from the vessel. Proximal
apposition is an important factor for long-term stability and
patients with associated problems often require reinterven-
tion [18]. In addition, LSA coverage is required for up to
40% of patients [24, 25].

The issue of coverage of the LSA during endografting
remains controversial [25, 26]. Some initial concerns are
distal arm ischemia and possible vertebrobasilar insuffi-
ciency related to posterior brain circulation. Therefore, pre-
operative evaluation of the vertebral arteries, vertebrobasi-
lar system, and spinal arterial supply can allow selective
revascularization [4]. If revascularization is performed, the
brachial plexus and phrenic nerve may be injured [25].

Classically, for successful stent-graft placement, it is rec-
ommended that the proximal landing zone is located at least
20 mm away from the primary target lesion and that stent
graft is angled appropriately in the aortic arch. However, the
20-mm landing zone is standard for a normal proximal aorta
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in the treatment of aneurysm disease. In the setting of TTAI
of commonly in young people with previously normal aorta
in emergency states, we analyzed the proximal aortic size
according to the proximal landing zone length. Our results
showed that when a short proximal landing zone was used,
there were no endoleaks or reintervention and the aortic size
increase was not significant different compared with that
in the group with >20 mm proximal landing zone length.
Although it is not applicable to different aortic pathologies,
this result suggests that TTAI has a unique and different
pathology. In TTAI, the injury is focal and often not even
circumferential. Indeed, the TTAI often completely resolves
with the repair of the intimal tear after TEVAR [4]. There-
fore, this report suggests that the placement of the stent graft
for coverage of this lesion may not require strict adherence to
this recommended proximal landing zone length of 20 mm,
and providing adequate coverage for sealing the intimal tear
may be sufficient for repair. In addition, stent-graft oversiz-
ing and aortic pathology are important factors that could
affect the increase in aorta size. Therefore, prospective, ran-
domized trial is required.

Our study demonstrated favorable mid-term outcomes
after TEVAR compared with the results of previous stud-
ies. However, our study has several limitations. First, this
was a single-center retrospective study that included a small
number of patient, thus, a possible selection bias might have
affected the results. Second, the follow-up duration was
relatively short. Third, the lack of commercial availability
and our own stock of stent grafts during emergency neces-
sitated oversizing in several cases. Finally, the indication
for TEVAR is “broad” and TEVAR was also performed for
Grade I aortic injury, which have affected our results.

In conclusion, survival after TEVAR for TTAI was satis-
factory in mid-term result for selected patients. In addition,
a short proximal landing zone may be considered as accept-
able for selective trauma patients (relatively young people
with previously normal aorta). As applicability is still lim-
ited to the aortic pathology of a trauma population, further
studies are required with large, randomized population.
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