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ABSTRACT
Background  Thoracic endovascular aortic repair 
(TEVAR) has become the standard of care for thoracic 
aortic aneurysms and increasingly for blunt thoracic 
aortic injury (BTAI). Postoperative complications, 
including spinal cord ischemia and paraplegia, have been 
shown to be less common with elective TEVAR than with 
open thoracic or thoracoabdominal repair. Although small 
cohort studies exist, the postoperative complications of 
endovascular repair of traumatic aortic injury have not 
been described through large data set analysis.
Methods  A retrospective cohort analysis was 
performed of the American College of Surgeons Trauma 
Quality Improvement Program registry spanning from 
2007 to 2017. All patients with BTAI who underwent 
TEVAR, as indicated by the Abbreviated Injury Scale or 
the International Classification of Diseases (ICD-9 or 
ICD-10), were included. Categorical data were presented 
as proportions and continuous data as mean and SD. OR 
was calculated for each postoperative complication.
Results  2990 patients were identified as having 
undergone TEVAR for BTAI. The postoperative incidence 
of stroke was 2.8% (83), and 4.7% (140) of patients 
suffered acute kidney injury or renal failure. The incidence 
of spinal cord ischemia was 1.9% (58), whereas 0.2% 
(7) of patients suffered complete paraplegia. Renal 
events and stroke were found to occur significantly 
more frequently in those undergoing TEVAR (OR 1.758, 
1.449–2.134 and OR 2.489, 1.917–3.232, respectively). 
Notably, there was no difference between TEVAR and 
non-operative BTAI incidences of spinal cord ischemia 
or paraplegia (OR 1.061, 0.799–1.409 and OR 1.698, 
0.728–3.961, respectively).
Discussion  Postoperative intensive care unit care of 
patients after BTAI has historically focused on awareness 
of spinal cord ischemia. Our analysis suggests that 
after endovascular repair of blunt aortic trauma, care 
should involve vigilance primarily against postoperative 
cerebrovascular and renal events. Further study is 
warranted to develop guidelines for the intensivist 
managing patients after TEVAR for BTAI.
Level of evidence  Level III.

INTRODUCTION
Blunt thoracic aortic injury (BTAI) is a rare, although 
potentially catastrophic, injury which occurs in 
<0.5% of trauma patients reaching the hospital.1 
Historically, aortography has been considered the 
diagnostic standard, although transesophageal 
echo and CT have been used as these technologies 
appeared. Management had, until recent decades, 
relied on an open approach that was associated 

with high rates of mortality and paraplegia.2 The 
diagnosis and management of thoracic aortic injury 
have been revolutionized by the ready availability 
of CT arteriography and thoracic endovascular 
aortic repair (TEVAR).3 4

TEVAR, most frequently used for repair of 
thoracic aortic aneurysm, is not free of complica-
tions. Initially, these consisted primarily of device-
related problems; as technology has been refined, 
these issues have become more uncommon.5 A 
persistent concern has been spinal cord ischemia 
(SCI) and consequent neurological morbidity 
including paraplegia. Although this is common to 
both open and endovascular repair, the mechanisms 
responsible are different: open repair involves 
prolonged aortic clamping and intraoperative lack 
of spinal cord perfusion, whereas TEVAR involves 
permanent coverage of the vessels perfusing the 
spinal cord. These include the segmental medullary 
arteries, including the artery of Adamkiewicz, as 
well as the anterior spinal artery arising from the 
vertebral artery.

The latter is of theoretic relevance to trauma 
TEVAR in particular; the most common location of 
BTAI is at the ligamentum arteriosum, and repair 
frequently entails coverage of the origin of the left 
subclavian artery. Perfusion of the upper extremity 
relies on retrograde flow from the contralateral 
to the ipsilateral vertebral artery, reducing perfu-
sion pressure of the anterior spinal artery that 
lies between and is fed by both. Regardless, initial 
studies indicated a reduced incidence of SCI with 
endovascular repair compared with open.5

The use of TEVAR has increased dramatically 
during the last decade, and its proliferation may be 
due to a lowered threshold for treatment of BTAI 
as a result of the perceived reduced morbidity of 
repair.6 The actual incidence and type of compli-
cation associated with TEVAR for BTAI remain 
unclear; although small cohort studies exist, large 
data set analysis has not as yet been performed.7–11 
The aim of this study is to use a large national data 
set to delineate the modern morbidity of TEVAR 
in the setting of BTAI and the associated outcomes.

PATIENTS AND METHODS
Overview
This is a retrospective, observational analysis 
of the American College of Surgeons Trauma 
Quality Improvement Program (ACS-TQIP) data-
base including patient data from 2007 to 2017. 
ACS-TQIP is the largest and most comprehensive 
national trauma database and includes detailed 
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clinical information from over 850 participating hospitals.12 All 
participating hospitals are designated trauma centers, with most 
being level I or II. The data set includes demographic character-
istics; clinical variables including vital signs; injury organ, region, 
type, and severity; therapeutic type and timing; and complica-
tions during hospitalization. Database access is granted by the 
ACS for selected research projects and for a fee. The stated 
purpose of the TQIP registry is to enable real-time data analysis 
and identification of areas for improvement of trauma care.

TEVAR overview
TEVAR is typically performed in a hybrid operating room with 
fixed-imaging capability. On occasion, if circumstances require, 
the repair is performed in a non-hybrid operating room with a 
portable fluoroscopy unit. This standard has not changed during 
the study interval. In most institutions, TEVAR is performed 
by vascular surgeons; it requires both endovascular skill and 
an ability to perform open vascular surgery if necessary. This is 
usually done by vascular surgery on consultation by the primary 
trauma team. At certain trauma specialty centers, such as ours, 
trauma TEVAR is performed by surgeons with dual training in 
trauma and vascular surgery whose practice focuses on vascular 
and endovascular trauma surgery.

Data extraction
Patients who sustained a BTAI were identified using Abbreviated 
Injury Scale (AIS) codes (4202XXX) and International Classi-
fication of Diseases (ICD-9) codes (901). Of those identified 
as having sustained a BTAI, patients who underwent TEVAR 
were identified using ICD-9 code 39.73 and ICD-10 code 
02VW3DZ. All patients who met these criteria were included. 
Region-specific AIS scores were not used as inclusion criteria.

Data extracted from the database included demographics, 
vitals, injury pattern, Injury Severity Score (ISS), complications, 
and mortality.

Analysis
Data queried from TQIP were stored locally and analyzed using 
IBM SPSS Statistics V.26.0 (SPSS, Chicago, IL). Categorical data 
were presented as proportions and continuous data as mean and 
SD. An OR with 95% CI was calculated for each complication.

RESULTS
Demography, injury pattern, and hemodynamic data
There were 2990 patients identified as having undergone TEVAR 
for BTAI. The mean time to TEVAR was 1.88 days (±4.3), 
with 2546 (85.2%) procedures being performed within 2 days 
of hospital presentation. Of the patients, 2220 (74.0%) were 
male, with an average age of 42.5 years (±18.8). The mecha-
nism of injury was motor vehicle collision in 2078 (69.5%) of 
the reported cases. The mean systolic blood pressure (SBP) on 
arrival was reported for 2110 patients, with a mean of 122 mm 
Hg (±29.5); 266 (12.6%) patients presented with SBP <90 mm 
Hg. ISS was reported for 2566 patients, with a mean value of 
34.7 (±12.5), with 2477 (96.5%) having an ISS >16. Of the 
patients, 2537 (84.8%) required intensive care unit (ICU) admis-
sion. Demographic and injury data are summarized in table 1.

Complications and outcomes
The postoperative complications with the highest incidence were 
acute kidney injury (AKI)/acute renal failure (ARF) and stroke 
with 140 (4.7%) and 83 (2.8%) cases, respectively. Notably, 33 
of the 83 (39.8%) patients who suffered stroke had an associated 

Blunt Cerebrovascular Injury (BCVI). These were followed by 
SCI (58, 1.9%), surgical site infection (56, 1.8%), and unplanned 
return to the operating room (47, 1.6%). Myocardial infarction 
(MI) occurred in 16 (0.5%) of these patients. Notably, only 7 
(0.2%) patients suffered paraplegia. A full list of complications 
is presented in table 2.

To assess the management of SCI and paraplegia, data on 
carotid subclavian bypass and lumbar drain placement were 
abstracted from TQIP. Of the patients with TEVAR, 80 (2.7%) 
underwent carotid subclavian bypass and 49 (1.6%) underwent 
lumbar drain placement. Of the carotid subclavian bypasses 
performed, 61 (76.3%) were performed the same day as TEVAR. 
Seventeen (34.7%) lumbar drains were performed simultane-
ously with TEVAR.

When compared with BTAI patients who did not undergo 
TEVAR, several complications were found to occur more 
frequently in the TEVAR group, including AKI/ARF (1.758, 
1.449–2.134), stroke (2.489, 1.917–3.232), unplanned return 
to the operating room (1.578, 1.139–1.186), and coma (2.605, 
1.061–6.395). Notably, there was no difference between TEVAR 
and non-operative BTAI incidences of SCI (1.061, 0.799–1.409), 
paraplegia (1.698, 0.728–3.961), and MI (1.541, 0.885–2.683). 
Table 3 presents the OR for all complications examined.

Table 1  Patient demographics

Parameter Mean or proportion

Demographics

 � Male, n (%) 2220 (74.0)

 � Age, mean (SD) 42.5 (18.8)

Race, n (%)

 � Caucasian 2058 (68.8)

 � African American 445 (14.9)

 � Asian 42 (1.4)

 � Other 445 (14.9)

Mechanism, n (%)

 � MVC 2078 (69.5)

 � MCC 343 (11.5)

 � Pedestrian struck 255 (8.6)

 � Fall 194 (6.5)

 � Other 120 (4.0)

Injury data

 � ISS, mean (SD) 34.7 (12.5)

 � ISS >16, n (%) 2477 (96.5)

Admission physiology

 � HR, mean (SD) 102 (24.3)

 � RR, mean (SD) 21 (6.7)

 � Temperature (°C), mean (SD) 36 (2.1)

 � GCS, mean (SD) 11.2 (5.1)

 � SBP (mm Hg), mean (SD) 122 (29.5)

 � SBP <90 (mm Hg), n (%) 266 (12.6)

Other

 � Hospital LOS, n (SD) 18.9 (17.9)

 � ICU LOS, n (SD) 12.2 (11.7)

 � ICU admission, n (%) 2537 (84.8)

GCS, Glasgow Coma Scale; HR, heart rate; ICU, intensive care unit; ISS, Injury 
Severity Score; LOS, length of stay; MCC, Motor Cycle Collision; MVC, motor vehicle 
collision; RR, respiratory rate.
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Of the patients, 2867 (95.9%) survived to discharge; 1058 
(35.4%) patients went home from the hospital and 1433 (47.9%) 
patients were transferred to inpatient rehabilitation. Disposition 
information for the remainder of the patients was not recorded. 
Of the 123 (4.1%) mortalities, care was withdrawn for 53 
(43.1%) patients.

DISCUSSION
Postoperative ICU care of patients who have undergone TEVAR 
for BTAI has historically focused on awareness of SCI to prevent 
paraplegia.2 5 The advent of TEVAR itself has reduced the inci-
dence of SCI and paraplegia as compared with patients who 
underwent open repair, with previous large studies reporting 
paraplegia rates of 3% to 9% in those undergoing open 
repair.2 5 However, this devastating complication persists and 
substantial efforts are made to prevent it. The data presented 
here suggest that after TEVAR for BTAI, care should involve 
vigilance primarily against postoperative cerebrovascular and 
renal events. Interestingly, patients undergoing TEVAR were not 

demonstrated to be at increased risk of SCI or paraplegia when 
compared with all patients diagnosed with BTAI, suggesting that 
their incidence may reflect the injury itself, rather than its repair.

This finding may be a reflection of improved procedural tech-
nique as well as postoperative diligence on the part of the surgeon 
and critical care provider. Pre-emptive carotid subclavian bypass 
or lumbar drain placement may also play a role in the reduced 
rate of SCI and paraplegia, as reflected by the frequency with 
which these procedures were performed on the same day as the 
index operation.

Given its large sample size, TQIP enables robust evaluation of 
infrequent events. Our analysis confirmed the rarity of postop-
erative SCI and paraplegia. Previous studies evaluating TEVAR 
for BTAI used data sets an order of magnitude smaller than TQIP 
and have over-represented the true incidence.2–5 TQIP’s sheer 
size allows an assessment of the current morbidity of TEVAR in 
the setting of BTAI that is arguably the most accurate to date.

Our data suggest room for improvement in the rates of post-
operative AKI and neurological adverse events, but this will 
require collaboration between the surgeon and the critical care 
provider.

Intraoperatively, surgeons must maintain strict wire discipline 
near the great vessels and be mindful of contrast load during 
trauma TEVAR. Consideration should be given to hepariniza-
tion and its appropriateness given the patient’s full injury profile. 
Critical care providers who manage these patients postopera-
tively must be aware of these potential complications and the 
intraoperative and postoperative factors that may contribute 
to their development. Improvement in the incidence of these 
complications has potential for substantial benefit, given the 
known increase in morbidity and mortality associated with these 
conditions.13 14

Evidence suggests that, in the absence of effective treatment 
of renal injury, an emphasis on early recognition and manage-
ment of renal injury is the optimal approach to this problem.13 
Frequently, a failure to recognize AKI commonly results in a 
delay of care.13 We hope that the data presented here bring atten-
tion to the importance of vigilance against incipient AKI and 
early intervention in patients who undergo TEVAR for trauma. 
Several risk scores and high-prediction models can aid in iden-
tifying patients who are most at risk.15–20 Some of these scores 
are targeted for patients who have undergone surgery or been 
exposed to large amounts of contrast,15 16 18 but none specific to 
trauma patients. Early nephrology consult has also been demon-
strated to be helpful in preventing and managing AKI and ARF, 
particularly in the ICU setting.21 22 A collaborative team may 
be especially useful in the context of a patient with complex, 
multiple injuries.

This study offers important insight into the morbidities of 
TEVAR for BTAI and differences from elective aneurysm repair. 
It is important to note the inherent limitations of this retro-
spective study, including the potential for selection bias and 
the reliance on data accuracy. Although the TQIP database is a 
high-quality information archive maintained by the ACS, there 
is the inherent risk of missing and miscoded data when they are 
entered by innumerable institutions and their staff. Furthermore, 
the relative lack of granularity that comes with a database of this 
size can limit more indepth evaluation.

CONCLUSIONS
Our data suggest that the highly morbid postoperative compli-
cations associated with endovascular thoracic aortic aneurysm 
repair—SCI and paraplegia—are less prevalent when TEVAR is 

Table 2  Incidence of complications in patients undergoing thoracic 
endovascular aortic repair after blunt thoracic aortic injury

Complication n (%)

Acute kidney injury/acute renal failure 140 (4.7)

Stroke 83 (2.8)

Spinal cord ischemia 58 (1.9)

Surgical site infection 56 (1.8)

Unplanned return to the operating room 47 (1.6)

Bleeding 44 (1.5)

Extremity compartment syndrome 21 (0.7)

Open aortic repair 21 (0.7)

Myocardial infarction 16 (0.5)

Paraplegia 7 (0.2)

Coma 7 (0.2)

Extremity ischemia 2 (0.1)

Wound disruption 2 (0.1)

Table 3  OR of complications in patients undergoing thoracic 
endovascular aortic repair after blunt thoracic aortic injury

Complication OR (95% CI)

Acute kidney 
injury/acute renal failure

1.758 (1.449 to 2.134)

Stroke 2.489 (1.917 to 3.232)

Spinal cord ischemia 1.061 (0.799 to 1.409)

Surgical site infection 2.821 (2.042 to 3.898)

Unplanned return to the 
operating room

1.578 (1.139 to 2.186)

Bleeding 1.634 (1.165 to 2.291)

Extremity compartment 
syndrome

2.026 (1.228 to 3.342)

Open aortic repair 0.352 (0.226 to 0.549)

Myocardial infarction 1.541 (0.885 to 2.683)

Paraplegia 1.698 (0.728 to 3.961)

Coma 2.605 (1.061 to 6.395)

Extremity ischemia 1.001 (1.000 to 1.002)

Wound disruption 0.587 (0.137 to 2.519)
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performed for blunt aortic trauma. Perioperative vigilance may 
be more effectively focused on prevention of cerebrovascular 
events and renal complication, both of which had significant 
incidence in this patient group. Further study is warranted to 
develop guidelines for the intensivist managing patients after 
TEVAR for BTAI.
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