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The data on endovascular aortic repair (EVAR) for traumatic aortic
dissection (TAD) are lacking. Hence, this study aimed to evaluate the
efficacy of EVAR for TAD and report our experience based on patients
from our medical center with a relatively long follow-up. A total of 25
consecutive patients with TAD underwent EVAR from October 2015
to October 2020. The demographics, imaging characteristics, clini-
cal features, treatment details, and follow-up results were reviewed.
Urgent EVAR was performed in 3 patients (12%), while the remaining
22 patients (88%) underwent delayed EVAR. Systematic hepariniza-
tion was used in all patients during the endovascular procedure. The
EVAR was technically successful in all patients, with no cases con-
verted into open surgery. No death occurred during the periopera-
tive period. One patient presented with a type II endoleak on post-
operative 1-month CT images during a mean follow-up of 42.3± 17.7
months (5–67.5 months) and showed spontaneous regression of the
endoleak without any intervention during the subsequent follow-up.
All the patients survived until the time of writing, and none of them
showed late endoleak, stent migration, paraplegia, and reinterven-
tion. The patients with left subclavian artery covered (n = 8) had no
obvious ischemia of the arm and brain. The study results demon-
strated that EVAR for TAD proved to be safe and effective, and most
patients could undergo delayed EVAR. Systematically heparinization
during EVAR under the setting of multi-trauma was safe.
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1. Introduction
Traumatic aortic injury (TAI), including traumatic aortic

dissection (TAD) is a potentially lethal clinical event usually
seen in high-speed vehicle accidents and falls from heights. It
is the second leading common cause of trauma-related death.
Less than 25% of patients with such an injury could reach the
hospital, and up to 50% of patients who arrived at the hospital
might diewithin 24 h [1–3]. The injuries to the thoracic aorta
are mostly located at the aortic isthmus due to the specific
anatomy of the relative fixation of the descending aorta and
mobility of the aortic arch, followed by the ascending aorta,
aortic arch, distal descending aorta, and abdominal aorta [4].

Endovascular aortic repair (EVAR) offers lower perioper-
ative mortality and provides satisfactory outcomes compared
with open repair in patients with TAI [5, 6]. It has been rec-
ommended as the first-line treatment by the 2011 Society for
Vascular Surgery clinical practice guidelines and the 2017 Eu-
ropean Society for Vascular Surgery Guidelines [1, 2]. How-
ever, the recommendation is mostly based on retrospective
cohorts with a small sample size limited by its low incidence.
Thus, the mid- and long-term outcomes of EVAR for TAI
remain unclear. In particular, reports on TAD treated by
EVAR are limited, which poses a specific concern for itsman-
agement [7].

Given the lack of data on endovascular repair of TAD, we
aimed to evaluate the efficacy of EVAR for TAD and report
our experience based on patients from our medical center
with a relatively long follow-up.

2. Methods
2.1 Study population

This was an observational study following the STROBE
guidelines [8].

FromOctober 2015 to October 2020, consecutive patients
with computed tomography angiography (CTA)-confirmed
TADwere included in this study. The exclusion criteria were
patients with type A aortic dissection, death before repair or
refusal to repair, and insufficientmedical records. The demo-
graphics, clinical features, imaging characteristics, treatment
details, and follow-up results of the patients were reviewed.

2.2 Endovascular procedure

In our center, EVAR is the preferred treatment for non-
type A TAD if available. All patients admitted to the hospital
were initially managed with aggressive blood pressure con-
trol and pain management. An urgent EVAR (<24 h) was
indicated if patients had aortic rupture or impending rupture,
hemodynamic instability, malperfusion, or severe pericardial
effusion; otherwise, a delayed EVAR was performed. Aortic
CTAwas preliminarily used to identify the anatomical condi-
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Fig. 1. Flowchart of inclusionofpatients. FromOctober 2015 toOctober 2020, therewere 32 consecutive patientswith computed tomography angiography
(CTA) confirmed traumatic aortic dissection (TAD). Patients with type A aortic dissection (n = 2), abrupt death after admission (n = 1) and refused to aortic
repair (n = 4) were excluded. Finally, 25 TAD patients who underwent EVAR procedure were included in the present study. There were 15 patients with
Debakey IIIb dissection, 8 patients with Debakey IIIa dissection occurred, and 2 patients with isolated infrarenal abdominal aortic dissection.

tions, such as the location of intimal tear, extent of dissection
involvement, landing zone diameter, and so forth.

All the patients underwent EVAR by experienced doctors
under local/general anesthesia in the interventional opera-
tion room/hybrid operating room after obtaining the writ-
ten informed consent from the patients or relatives. The
treatment goal of EVAR was to cover the primary intimal
tear. The intraoperative blood pressure was maintained at
less than 120/80 mmHg. Heparin with a dose of 3000–
5000 units was routinely used during the surgery, and pa-
tients with concomitant injuries who had a high risk of bleed-
ing received a low dose of heparin. A 5-F calibrated pigtail
catheter (Cook) was introduced into the aorta via a 6-F vas-
cular sheath (Terumo Corporation, Tokyo, Japan) inserted
into the brachial artery. Then, digital subtraction angiogra-
phy (DSA) (Siemens Artis Zee DSA system, Munich, Ger-
many) of the ascending aorta, aortic arch, and descending
aorta were performed. The true and false lumens, as well as
the intimal tear, were evaluated. A 0.035-inch wire with an
angiographic catheter was subsequently introduced into the
aortic root via an 8-F vascular sheath (Terumo Corporation,
Tokyo, Japan) inserted into the incised femoral artery. Then,
a stiff wire was exchanged with a 0.035-inch wire, and an ap-
propriate stent was selected to cover the primary intimal tear.
After deployment of the stent, angiography was performed

again to check the endoleak, stent position, and blood supply
of aortic branches.

The size of the stent used in the present cases was over-
sized 5%–20% larger than themaximum diameter of the aorta
(from inner to inner) at the proximal landing zone. Tapered
stents or overlapping tapered stents were used when the di-
ameter of the distal landing zone was small. Meanwhile, the
selection of stents was mainly based on the anatomical con-
ditions, experience of the surgeons, and availability of de-
vices. The proximal sealing length was at least 1.5 cm. Selec-
tive revascularization for preserving the left subclavian artery
was performed if the patient had a hypoplastic right vertebral
artery or a patent left internal mammary artery graft.

2.3 Follow-up protocol

All patients were prescribed to have a follow-up protocol
including assessment of clinical symptoms andCTA images at
1, 3, 6, and 12 months and then annually thereafter. Follow-
up data were obtained from reviewing medical records and a
telephone interview with the patients and relatives.

2.4 Statistical analysis

The categorical variables were expressed as numbers (per-
centages), and the continuous variables as means± standard
deviation or median (interquartile range [IQR]). All statisti-
cal analyses were performed using SPSS 19.0 software (IBM
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Table 1. Demographics of the traumatic aortic dissection
patients.

Variables Value

Age (years), mean± SD 56.5± 8.3
Male/Female, n (%) 20/5 (80/20)
Hypertension, n (%) 7 (28)
Diabetes, n (%) 1 (4)
Trauma type, n (%)

Traffic accident 17 (68)
Falling down 8 (32)

Concomitant injuries, n (%)
Bone fractures 25 (100)
Brain injury 10 (40)
Pulmonary injury 14 (56)
Splenic injury 1 (4)
Pancreatic injury 1 (4)
Renal contusion 3 (12)

SD, standard deviation.

Corporation, Armonk, NY, USA).

3. Results
3.1 Patient characteristics

A total of 25 consecutive patients were included in this
study (Fig. 1). Of these, 20 (80%) were men and 5 (20%)
women, with a mean age of 56.5 ± 8.3 years (range 37–69
years). All (100%) patients presented with chest/back pain.
Bilateral or unilateral pleural effusion was found in 14 (56%)
patients. The symptoms and signs presented might have re-
sulted from TAD and associated injuries such as rib fracture,
lung contusion, or both of them. No severe fatal cases were
reported.

Debakey IIIb dissection which with the false lumen ex-
panding to the abdominal aorta occurred in 15 patients (60%),
Debakey IIIa dissection occurred in 8 patients (32%), and iso-
lated infrarenal abdominal aortic dissection occurred in 2 pa-
tients (8%). The primary intimal tear was located at the aortic
isthmus in 23 patients (92%) and at the infrarenal abdominal
aorta in 2 patients (8%). Themean length of Debakey IIIa dis-
section and isolated abdominal dissection were 3.2 ± 0.5 cm
(2.5–3.8 cm). Twenty of the patients (80%) had only one sin-
gle intimal tear (The detailed baseline and anatomical char-
acteristics are shown in Table 1 and Table 2, respectively).

3.2 Treatment results

All patients initially underwent conservative treatment
with antihypertensive and anti-pulse drugs. Urgent EVAR
was performed in 3 patients (12%), while the remaining 22
patients (88%) underwent delayed EVAR. The median in-
terval time between diagnosis and EVAR was 5 days (IQR:
4–7 days). The left subclavian artery was intentionally cov-
ered in eight patients (32%), and 2 of them (25%) received
revascularization (one with a chimney stent and the other
by bypass between the left cervical and left subclavian ar-
teries before the EVAR procedure). The stents used in the

Table 2. Anatomical characteristics of the traumatic aortic
dissection.

Variables Value

Dissection type, n (%)
Debakey IIIa 8 (32)
Debakey IIIb 15 (60)
Abdominal aortic dissection 2 (8)

DIT−LSA (cm), mean± SD 2.0± 1.0
Size of the primary intimal tear (cm), mean± SD 1.0± 0.3
Diameter of proximal landing zone (cm) 25.9± 3.0

SD, standard deviation; DIT−LSA, distance between the primary in-
timal tear and the ostium of the left subclavian artery in patients with
Debakey III traumatic aortic dissection.

Table 3. Treatment details of the traumatic aortic dissection.
Variables Value

Operation time (min), mean± SD 57.8± 8.3
Stent type, n (%)
Talent (Medtronic) 5 (20)
Ankura (Lifetech Scientific) 5 (20)
Aegis (Microport) 12 (48)
E-vita (JOTEC) 3 (12)
Stent length (mm), mean± SD 158± 37.5
Oversizing (%), mean± SD 10± 5
EVAR timing, n (%)

Early 3 (12)
Delayed 22 (88)

LSA covered, n (%) 8 (32)
LSA reconstruction, n (%) 2 (8)

SD, standard deviation; EVAR, endovascular aortic repair; LSA,
left subclavian artery.

present study included Aegis (MicroPort, Shanghai, China),
Talent (Medtronic, Minneapolis, MN USA), E-vita (JOTEC,
Hechingen, Germany), and Ankura (Lifetech, Shenzhen,
China) (Table 3).

3.3 Outcomes

The EVAR was technically successful in all patients, with
no cases converted into open surgery (Figs. 2,3). No death
occurred during the perioperative period. During a mean
follow-up of 42.3 ± 17.7 months (5–67.5 months), one pa-
tient presented with a type II endoleak on postoperative 1-
month CTA images and showed spontaneous regression of
the endoleakwithout any intervention during the subsequent
follow-up. All the patients survived until the time of writ-
ing, and none of them showed late endoleak, stent migra-
tion, paraplegia, and reintervention. The patients with the
left subclavian artery covered had no obvious ischemia of the
arm and brain. A significant enlargement of the true lumen
and regression of the false lumen were observed on the latest
CTA images in all patients. Complete aortic remodeling was
observed in all patients with Debakey IIIa aortic dissection
and isolated abdominal aortic dissection. For patients with
Debakey IIIb aortic dissection, complete thoracic descending
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Fig. 2. Endovascular aortic repair of a Debakey III traumatic aortic dissection. (A,B) Computed tomography angiography images (including volume-
rendering technique) of a patient demonstrating a Debakey III traumatic aortic dissection and an intimal tear distal to the left subclavian artery (namely, aortic
isthmus). The distance between the primary intimal tear and the ostium of the left subclavian artery was 0.8 cm. (C,D) Computed tomography angiography
images (including volume-rendering technique) 6 months after the endovascular aortic repair, demonstrating that the stents were in good shape, the true
lumen was unobstructed, no endoleak occurred, and the thoracic aorta and left subclavian artery were well reconstructed.

aortic remodeling were observed in all patients, five patients
(33.3%) had complete abdominal aortic remodeling and ten
patients (66.7%) had partial thrombotic false lumen in the ab-
dominal aorta.

4. Discussion
EVAR has been the first-line treatment for TAI according

to the guidelines of the Society for Vascular Surgery (SVS)
[2], the European Society of Cardiology [9], the Eastern As-
sociation for the Surgery of Trauma [10], and the European
Society for Vascular Surgery (ESVS) [1], considering previ-
ously published reports of the lowmortality andmorbidity of
EVAR compared with open surgery. Several studies includ-
ing a relatively large number of cases with a long follow-up
showed satisfactory outcomes of EVAR for TAI and superi-
ority of EVAR over open surgery [3, 5, 6, 11–13]. However,
EVAR for TADwas scarcely reported, and the characteristics
of TAD were not thoroughly known. The satisfactory mid-
and long- term outcomes of the patients in the present study

demonstrated that EVAR was safe and effective for TAD. In
addition, 40% of patients had a localized dissection (Debakey
IIIa and isolated abdominal aortic dissection) with a mean
length of 3.2 ± 0.5 cm (2.5–3.8 cm) and 80% of patients had
only one single intimal tear, which seemed to be a prominent
characteristic of TAD and made it easier to perform EVAR.
The aforementioned study results were also confirmed in Li’s
study cohort [7].

Themost used classification scheme for grading the sever-
ity of TAIwas from SVS guidelines: type I (intimal tear), type
II (intramural hematoma), type III (pseudoaneurysm), and
type IV (rupture) [2]. According to the definition, the TAD
could be easily classified as type I and the definition is broad
(from slightly intimal injury to dissection). TheDebakey clas-
sification which is mostly used in describing aortic dissection
could indicate some anatomical characteristics of the lesion
such as the extent of the lesion. Thus, we used the Debakey
classification in the present study. The timing for performing
EVAR for TAI remains controversial. The SVS guidelines
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Fig. 3. Endovascular aortic repair of an isolated traumatic abdominal aortic dissection. (A–C) Computed tomography angiography and digital sub-
traction angiography images of a patient with localized isolated traumatic abdominal aortic dissection; a covered stent was implanted to cover the intimal tear.
(D) Computed tomography angiography image 12 months after the endovascular aortic repair, demonstrating that the stent was in good shape, the true lumen
was unobstructed, no endoleak occurred, and the abdominal artery was well reconstructed.

recommended urgent intervention when available to avoid
aorta rupture [2], while the guidelines from the Eastern As-
sociation for the Surgery of Trauma suggested a delayed re-
pair [10]. Several studies also demonstrated that delayed re-
pair could improve mortality [14–16]. A 10-year study of
EVAR for TAI, including 74 cases, showed that most deaths

were unrelated to TAI and associated with the severity of
associated injuries [17], indicating that it was important to
treat associated life-threatening injuries before aortic repair.
Also, it has been reported the aortic diameter could decrease
by up to 30% in patients with a hypovolemic shock status
[18], which led to selecting an inappropriate size during ur-
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gent EVAR. In our center, we recommended a delayed EVAR
with antihypertensive therapy and the management of asso-
ciated fatal injuries for TAD. An urgent EVAR was reserved
if patients had aortic rupture or impending rupture, hemo-
dynamic instability, malperfusion, or severe pericardial effu-
sion. The results of the present study supported the manage-
ment strategy. However, no directed comparison between
urgent EVAR and delayed EVAR for TAD in current pub-
lished literature, and thus the appropriate timing for EVAR
needs further exploration.

Appropriate stents are very important to prevent device-
related complications, including endoleak, stent migration,
stent collapse and so forth. However, no consensus exists in
recent guidelines on the size of the stent for TAI and TAD.
The oversizing of the stent ranged from 5%–60% in published
reports [17, 19–22], and all of them were selected based on
the operator’s experience and device availability. On the one
hand, the current stents were mostly designed for degenera-
tive aneurysmal diseases, compared with the aorta in patients
with TAD having normal pathophysiology, and often had a
small diameter. On the other hand, the aortic diameter can
increase and the aortic arch angulation can decrease with age
in the young individuals [23], resulting in stent-related com-
plications; however, no related reports were available. In the
present study, the stent was oversized 5%–20% larger than
the maximum diameter of the aorta (from inner to inner) at
the proximal landing zone and it indeed achieved promising
outcomes, indicating that the oversizing was appropriate in
treating these patients. However, further studies with a large
sample size should be performed to explore the optimal over-
sizing and more efforts should be made to design trauma-
specific stents.

The left subclavian artery is often covered due to the inti-
mal tear mostly located at the aortic isthmus. Thus, whether
the left subclavian artery coverage is safe remains unclear.
Some reports [24, 25] showed the left subclavian artery cov-
erage increased the risk of stroke and claudication, while the
results of other studies were contradictory [3, 26]. Our re-
sults were consistent with the later reports. In the present
study, selective revascularization for preserving the left sub-
clavian artery was performed if the patient had a hypoplas-
tic right vertebral artery or a patent left internal mammary
artery graft; none of the patients with the left subclavian
artery coverage developed ischemic complications. Thus, the
management strategy for the left subclavian artery seemed to
be appropriate.

Systematic heparinization during EVAR for patients with
TAI remains controversial. Using heparin may increase the
risk of bleeding in the setting of multi-trauma, while not
using heparin may lead to thromboembolic events. Some
studies investigated the safety of using heparin during EVAR
for TAI and showed that systemic heparinization can be safe
without increasing hemorrhagic events [27, 28]. In our cen-
ter, systematic heparinization with a dose of 3000–5000 units
was routinely used during the surgery, and patients with con-

comitant injuries who had a high risk of bleeding received a
low dose of heparin. The promising results in the present
study supported the use of heparin.

5. Limitations
The study had certain limitations. First, the results of

this study should be viewed with an inherent bias due to the
respective nature. Second, the study was conducted with a
small sample size, and therefore further large-sample studies
are warranted to evaluate the long-term outcomes. Finally,
nearly two thirds of the cases had a CTA follow-up at the
local hospital and therefore we could not evaluate the aortic
remodeling exactly. Consequently, more studies with a strict
radiographic follow-up are needed.

6. Conclusions
EVAR for TAD proved to be safe and effective, and most

patients could undergo delayed EVAR. Systematically hep-
arinization during EVAR under the setting of multi-trauma
was safe.
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