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 Background: Traumatic thoracic aortic transection is one of the most severe complications of high-energy injuries, but pa-
tients rarely receive treatment, and it is fatal in the vast majority of cases. Due to the complexity of surgical 
revision for transection, endovascular repair with stent graft implantation is the preferred approach.

 Material/Methods: We retrospectively analyzed the short-term and long-term treatment results for 31 patients (29 men, 2 wom-
en) treated at the Interventional Radiology Department, University Hospital Ostrava, for the isthmus part of a 
descending thoracic aorta injury between 2004 and 2020.

 Results: The median patient age was 48 years (interquartile range [IQR]: 28-63 years). The most common causes of in-
jury were traffic accidents and falls or jumps, with the trauma location at the Ishimaru zones 2 to 4 of the aor-
tic isthmus. Aortic stent grafts were successfully implanted in all patients; 13% of patients had complications 
and 10% died due to the trauma severity. The median procedure duration was 30 min (IQR: 25-43 min) and 
the median hospital stay was 29 days (IQR: 28-63 days).

 Conclusions: Aortic stent graft implantation appears to be a safe and effective method for dealing with thoracic aorta inju-
ry, with a low complication rate and high patient survival. The endovascular approach is the method of choice 
for treating this severe disease, and a multidisciplinary approach for emergency medical treatment with a com-
prehensive trauma protocol is essential.
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Background

Traumatic thoracic aortic transection is one of the most severe 
complications of polytrauma. It most commonly arises during 
blunt trauma due to shear forces, typically in car accidents or 
falls from heights [1,2]. The aorta is mostly injured in the area 
of the aortic isthmus (“loco typico”), which is the weakest point 
of the aortic arch. The severity of this injury is characterized 
by less than 25% of patients surviving pre-hospital care [1,3]. 
One-third to one-half of patients die soon after hospital ad-
mission [1,4]. This aortic injury usually presents with signifi-
cant hemodynamic instability or hemorrhagic shock with un-
consciousness. Chest pain, paraplegia, or dyspnea can also be 
observed [5]. Associated injuries can also significantly wors-
en overall patient status. Urgent surgical revision through at-
tempting a provisional suture, graft interposition, or thorac-
ic aortic replacement used to be the only therapeutic option. 
However, in patients with polytrauma, this is a high-risk pro-
cedure with a mortality rate of up to 42% [6,7]. Recently, im-
plantation of a stent graft in the damaged part of the thorac-
ic aorta, a rapidly developing endovascular therapy known as 
thoracic endovascular aortic repair (TEVAR), has become the 

standard of care. This treatment creates a lower burden for 
the patient, with a lower risk of mortality [8] and complica-
tions [9]. However, because of the relatively few patients treat-
ed in this way, extensive descriptive studies are lacking in the 
literature. Here, we evaluate and analyze our experience with 
TEVAR for traumatic thoracic aortic transection in our center.

Material and Methods

This study analyzed data collected from patients who were ad-
mitted to the University Hospital Ostrava between 2004 and 
2020 for thoracic aorta injury and were treated with the stent 
graft TEVAR procedure. All patients received standard pre-hos-
pital care, and further treatment was organized via the hospi-
tal Emergency Department. Vital functions were stabilized ac-
cording to the emergency trauma protocol. The baseline clinical 
evaluation and relevant blood analyses were recorded in the 
University Hospital Ostrava clinical research database, includ-
ing blood pressure, Glasgow Coma Scale (GCS) score, blood cell 
count, and hemoglobin, aspartate aminotransferase, alanine 
aminotransferase, urea, creatinine, myoglobin, procalcitonin, 

A

C

B

D

e934479-2
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Procházka V. et al:  
Endovascular repair of thoracic aorta injury

© Med Sci Monit, 2021; 27: e934479
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Figure 1.  Thoracic aortic injury with active bleeding. (A) Computed tomography (CT) angiogram of the axial maximum intensity 
projection (MIP) reconstruction with aortic trauma in loco typico. (B) CT showing left hemothorax, pulmonary trauma, and 
active bleeding. (C) CT MIP sagittal projection with aortic grade IV trauma. (D) CT volume rendering technique reconstruction 
of the aortic wall trauma grade IV. (E) Digital subtraction angiography with active contrast agent leakage. (F) ZDEG (Cook) 
stent graft implantation before the origin of the left vertebral artery with left subclavian artery coverage. (G) CT follow-up in 
coronal projection. (H) CT follow-up in sagittal projection.
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and C-reactive protein levels. A whole-body computed tomog-
raphy (CT) scan with CT angiography was completed before 
the endovascular therapy. Immediately after the verification 
of diagnosis and urgent clinical stabilization were completed, 
patients were transported to the radiology operating room 
for the endovascular aortic repair, with a self-expanding stent 
graft covering the aortic blunt trauma site.

After preparing the groin and inserting a 10F Terumo sheath 
into the common femoral artery, the aortic arch was carefully 
catheterized using a Vertebral 4F catheter (Merit Medical, Salt 

Lake City, UT, USA) and a Cordis STORQ guidewire (Cardinal 
Health, Dublin, Ireland). After verifying the aortic injury anato-
my, location, and extension with digital subtraction angiogra-
phy, a.035-inch wide/260-cm long Amplatz Super Stiff guide-
wire (Boston Scientific, Marlborough, MA, USA) was inserted 
into the ascending aorta. Subsequently, under angiographic 
road-map control or 3D navigation, the appropriate thoracic 
stent graft, most commonly a Zenith TAA endovascular graft 
(ZTEG), Zenith TX2 dissection endovascular graft (ZDEG, Cook 
Medical LLC, Bloomington, IN, USA), or earlier Valiant thorac-
ic stent graft (Boston Scientific) was inserted.
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The aortic injury near the left subclavian artery origin was cov-
ered with the stent graft positioned between the left common 
carotid artery and left subclavian artery. After implantation, the 
accurate positioning and sealing of the stent graft were con-
trolled by the final angiography. The vascular access site was 
sutured percutaneously or surgically, and further monitoring 
was done at the cardiac surgical Intensive Care Unit (ICU). The 
procedure data (length, complication, stent graft type, length, 
and diameter, and distance from the left subclavian artery) 
were recorded in the database (Figure 1).

After stent graft implantation, all patients received standard 
intensive care and were followed during subsequent hospital-
ization and at the outpatient clinic after discharge from the 
hospital. The follow-up data included the blood transfusion vol-
ume, necessity of a follow-up CT scan, and overall and specific 
patient mortality count. We did not have any exclusion crite-
ria for this treatment approach. Due to the emergency condi-
tions of polytrauma, no informed consent was obtained before 
this life-saving procedure and aortic repair were performed. 
After stabilization, all surviving patients signed an informed 
consent for further follow-up. The local Ethics Committee of 
the University Hospital Ostrava approved the entire study.

For statistical analysis, numerical variables are expressed as 
the median and interquartile range (IQR, lower and upper quar-
tile). Categorical variables are presented as absolute frequen-
cies and relative frequencies. All statistical analyses were per-
formed using R software (version 4.0.3, www.r-project.org).

Results

During a period of 17 years, 31 patients were treated with en-
dovascular stent graft implantation at the University Hospital 
Ostrava. Car accidents were the most common cause of trau-
ma (Table 1), followed by falls or jumps (accidental or sui-
cidal). Rare causes of transection included 1 case of leaking 
post-traumatic thoracic aortic aneurysm and 1 case of aortic 
trauma at work in a mine.

Table 2 shows the detailed patient information. Owing to 
the nature of the injury, most patients were unconscious and 

n (%)

Traffic accident  20 (65)

 Driver  10 (32)

 Front seat passenger  3 (10)

 Pedestrian  3 (10)

 Motorcyclist  3 (10)

 Cyclist  1 (3)

Fall/jump  9 (29)

 Jump  5 (16)

 Fall  4 (13)

Other  2 (6)

 Leaking traumatic thoracic aneurysm  1 (3)

  Direct pressure on the chest during work 
in a mine

 1 (3)

Table 1. Overview of polytrauma cases.

Categorical parameters n (%)

Sex  

 Male  29 (94)

 Female  2 (6)

Glasgow Coma Scale  

 <9  23 (74)

 9-12  0 (0)

 13-15  7 (23)

Death  

 Yes  3 (10)

 Yes (other causes)  1 (3)

 No  27 (87)

Other parameters Median (IQR)

Age (years)  48 (28; 63)

Hospitalization (days)  29 (15; 63)

Erythrocytes (n×1012/L)  3.9 (3.3; 4.3)

Hemoglobin (g/L)  116 (97; 129)

ALT (µkat/L)  1.94 (1.16; 4.29)

AST (µkat/l)  2.34 (1.93; 6.89)

Urea (mmol/L)  5.8 (4.7; 6.7)

Creatinine (µmol/L)  114.0 (90.0; 126.5)

Myoglobin (µg/L)  1822.3 (1069.8; 2989.1)

PCT (µg/L)  1.59 (0.82; 4.07)

CRP (mg/L)  18.0 (6.1; 108.8)

Systolic blood pressure (mmHg)  

 Before the procedure  97 (85; 110)

 After the procedure  125 (100; 160)

Diastolic blood pressure (mmHg)  

 Before the procedure  50 (40; 63)

 After the procedure  65 (50; 78)

Table 2. Patient characteristics.

ALT – alanine aminotransferase; AST – aspartate 
aminotransferase; CRP – C-reactive protein; PCT – procalcitonin.
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already intubated during pre-hospital care. Only 23% of pa-
tients had a GCS score between 13 and 15 and did not require 
essential life support. Patients in our cohort had severe hypo-
tension, with a median blood pressure of 97/50 mmHg, when 
arriving at the Emergency Department. None of the patients 
showed laboratory signs of severe anemia. Trauma was always 
accompanied by mild hepatopathy and elevated myoglobin. 
Patients received red blood cell units during the first day of 
hospitalization, with a median dose of 2 (IQR: 1-8) units, and 
plasma at a median dose of 3 (IQR: 0-6) units. At admission, 

all patients underwent an initial CT scan according to the poly-
trauma protocol; 2 patients underwent 2 or more CT scans due 
to multiple complex lesions.

All patients underwent endovascular thoracic stent graft im-
plantation. The most common device types used were the ZTEG 
(65%) and ZDEG (32%) (Cook Medical). In 1 (3%) earlier case, 
the Valiant thoracic stent graft (Boston Scientific) was implant-
ed. Stent graft length ranged from 115 mm to 210 mm (medi-
an 142 mm) with a diameter of 24 mm to 38 mm (median 28 

e934479-5
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Procházka V. et al:  
Endovascular repair of thoracic aorta injury
© Med Sci Monit, 2021; 27: e934479

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



Figure 2.  Tension hemothorax after thoracic aortic transection. (A) Computed tomography (CT) angiogram volume rendering 
technique (VRT) reconstruction with contrast agent leakage. (B) Digital subtraction angiography showing dissection in loco 
typico. (C) ZDEG (Cook) stent graft implantation. (D) Abdominal aorta hypovolemia. (E) CT showing severe hemothorax and 
aortic injury. (F) CT follow-up after stent graft and hemothorax drainage. (G) CT angiogram follow-up 3D VRT reconstruction 
after stent graft placement. (H) CT follow-up maximum intensity projection after hemothorax drainage.
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mm). The aortic injury location was in the Ishimaru zones 2 
to 4 of the aortic isthmus, and the implantation position was 
1 mm to 75 mm (median 14 mm) from the left subclavian ar-
tery origin in left subclavian artery (LSA) non-covering proce-
dures (Figure 2). In a total of 4 patients, complications occurred 
during the procedure. One patient with tension hemothorax 
(Figure 1) had significant hemodynamic instability during the 
treatment course. The procedure was completed immediate-
ly after the stent graft placement with hemothorax drainage. 
In 1 patient, the stent graft was placed suboptimally, and sub-
sequent PTA balloon remodeling was necessary for stent graft 
folding. Another patient required proximal stent graft exten-
sion after transposition of the supra-aortic vessels due to 
proximal leakage into the false lumen. One patient required 

additional extension implantation to anchor the distal thorac-
ic aorta injury site. The implantation was performed 2 weeks 
after the primary procedure to prevent aortic rupture at the 
distal part of the original stent graft. In 22 patients (71%), the 
LSA was covered to achieve optimal placement of the stent 
graft. These procedures were performed after verification of 
the second vertebral artery patency on CT angiography. None 
of the patients developed the long-term difficulties after LSA 
overlay that are described in the literature. The procedure pa-
rameters are summarized in Table 3.

Overall, 27 patients (87%) recovered and were discharged from 
the hospital. Three patients (10%) died in the ICU as a result 
of concomitant injuries. Another patient died of cancer after 
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Categorical parameters n (%)

Material used

 Zenith ZTEG (Cook)  20 (65)

 Zenith ZDEG (Cook)  10 (32)

 Valiant (Boston Scientific)  1 (3)

Complications  

 Yes  4 (13)

 No  27 (87)

Other parameters Median (IQR)

Procedure duration (min)  30 (25; 43)

Stent graft diameter (mm)  28 (26; 32)

Stent graft length (mm)  142 (134; 147)

Distance from the LSA (mm)  14 (7; 23)

Table 3. Procedure parameters.

LSA – left subclavian artery.

discharge from the hospital. Within 1 month after the procedure, 
the stent graft position was verified by follow-up CT. Most patients 
were followed up at regular intervals (1, 6, and 12 months) with 
CT and ultrasound. No later complications were observed. The 
average follow-up period was 61.3 months after the procedure.

Discussion

Traumatic transection of the thoracic aorta is a life-threaten-
ing complication of high-energy injuries. Shear forces result 
in various degrees of aortic wall rupture, typically at the lev-
el of the aortic isthmus [10]. Owing to the nature of the inju-
ry, urgent management of the transection is necessary. In the 
latest guidelines from the Society for Vascular Surgery, endo-
vascular treatment of aortic transection is preferred to open 
surgery [8]. The principal risks of open surgery are paraple-
gia (up to 25.5%), respiratory distress, and infectious compli-
cations (24-65%) [5,11-14]. The endovascular stent graft pro-
cedure is currently the first-line approach used immediately 
after resolution of any injuries that are potentially more life-
threatening than aortic rupture [15-17]. In addition, definitive 
surgical management is possible only after the patient’s gen-
eral condition has been stabilized. Conservative management 
is a possibility but is an outdated approach with worse results 
than open surgical and endovascular treatment (10-year sur-
vival 72.3% vs 77.2% and 85.7%, respectively). In contrast to 
the targeted therapy, conservative treatment is often associ-
ated with the development of life-threatening complications 
related to the aorta in 38% of cases [18]. Given the superi-
or results of endovascular therapy, our data also confirm that 
successful stent graft implantation can rapidly stabilize circu-
lation and normalize blood pressure.

Modern low-profile stent grafts usually support percutaneous 
access through the common femoral artery. In some patients 
(massive atherosclerosis in 0-14.3%), however, the external iliac 
artery must be used, typically with a retroperitoneal approach 
[15,16,19]. In both cases, surgical preparation of the access 
site is necessary as part of the intervention. In our study, we 
used a common femoral artery in all patients. A percutaneous 
approach with the subsequent use of a suturing device for ar-
tery sutures is often used for stent graft placement. Implanting 
a shorter stent graft with smaller diameters is typically rec-
ommended; some publications argue for lengths of less than 
150 mm and diameters ranging from 20 mm to 30 mm [15]. 
Such stent grafts are more appropriate for younger patients 
without thoracic aortic dilatation, in whom a larger stent graft 
size can cause device collapse, bearing a risk of life-threaten-
ing complications and the need for repeated intervention [20]. 
In the present study, we predominantly used larger diameter 
stent grafts (24-38 mm), which did not increase the frequen-
cy of mechanical complications. The long-term follow-up of 
patients did not detect stent graft malposition. Some authors 
also recommend using endovascular ultrasonography or trans-
esophageal echocardiography for exact sizing of the device. 
Stent graft selection based on measurements by CT angiogra-
phy tends to underestimate the proper dimensions by 1 mm 
to 2 mm for the aortic arch size because of severe hypovole-
mia or hypotension [21].

Aortic stent graft implantation can occlude some arteries, most 
commonly the LSA or multiple intercostal arteries, presenting 
a specific issue. In our series, occlusion of the LSA was nec-
essary in 71% of patients; none developed left upper extrem-
ity or arm claudication symptoms or ischemia. However, suf-
ficient collateralization by the contralateral vertebral artery 
was always verified by CT angiography. Other studies have 
reported the need for LSA overlap in 23% to 50% of cases 
[2,15-17,19,22]; the main reason is a short distance (<20 mm) 
between the LSA ostium and the injury site.

In most cases, targeted LSA bypass surgery is unnecessary ow-
ing to the excellent collateral circulation of the upper left hand 
and brain supply [19]. Should the patient develop any upper 
limb claudication, these conditions can be treated successfully 
by the bypass procedure later. In some patients, the left com-
mon carotid artery also needs to be occluded. This situation 
can be resolved by implanting a branched stent graft or using 
the chimney technique. Other options are hybrid procedures, 
such as carotid-carotid crossover bypass or the complete deb-
ranching method with bifurcated bypass to the brachiocephal-
ic trunk and the left common carotid artery, with subsequent 
stent graft placement in the aortic arch.

Another relatively frequent complication is an endoleak of 
the stent graft. We found this situation in 1 of our patients. 
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It is often caused by dislocation or improper anchoring of the 
proximal part of the stent graft. The complication frequen-
cy is reported to be up to 14.3% and can be solved by stent 
graft extension [22,24]. Compared with surgery, endovascular 
stent graft implantation has a significantly lower risk of para-
plegia (2.6% vs 9.9%, odds ratio 0.328) [9,25,26]. This is also 
influenced by the length of the spinal ischemia [3]. Another 
possible complication of endovascular treatment is aortic-
bronchial fistula, which is often a dramatic event with high 
mortality [22,23]. Serious complications that have been ob-
served are stent graft collapse or folding, which can obstruct 
the aortic lumen and usually require repeated endovascular 
intervention. Collapse can be solved by stent graft reimplan-
tation or balloon angioplasty [2,10,20]. We can also encoun-
ter bronchial atelectasis [19], mesenteric ischemia [27], or ver-
tebral artery occlusion in the context of LSA covering or an 
aortic arch of vertebral artery origin [23]. We did not observe 
these complications in our patients. All general complications, 
including ruptures or avulsions of the arteries, iatrogenic dis-
section, and pseudoaneurysm, can develop after the aortic 
repair. In general, the exact incidence of individual complica-
tions (except for LSA overlap, endoleak, and paraplegia) can 
only be estimated because of their low frequency and occur-
rence in all patient care units. Due to the excellent results of 
TEVAR, practically all authors of the above-mentioned studies 
recommend emergency stent graft implantation as the meth-
od of choice for all injuries because the patient is not directly 
endangered by other injuries causing hemodynamic instabil-
ity. This recommendation is mainly supported by low patient 
mortality and a relatively low incidence of complications, as 

complications associated with implantation of the stent graft 
itself are rare [28]. This claim is supported by the high techni-
cal success rate of stent graft implantation [22,27]. Even rel-
atively larger groups report a 30-day hospital mortality of 0% 
to 18% [2,15,17,18,24,29], consistent with the 10% hospital 
mortality in the present study.

Conclusions

The main limitation of this study is the retrospective evalua-
tion of the collected data. However, our cohort presents the 
long-term results of patient follow-up after stent graft implan-
tation. TEVAR is currently the method of choice for treating 
traumatic transection of the thoracic aorta, providing a shorter 
performance time, lower risk of complications, and high per-
centage of long-term patient survival, compared with surgical 
therapy. A multidisciplinary approach for emergency medical 
treatment with a comprehensive trauma protocol is essential.
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