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Abstract
Background: Thoracic endovascular aortic repair (TEVAR) is the standard-of-care for treating traumatic aortic injury
(TAI). Few retrospective studies compared TEVAR to open repair in blunt traumatic aortic injury (BTAI). Our
objectives were to compare the early outcomes of TEVAR for blunt traumatic descending aortic injury to open
repair (OR) in polytraumatic patients involved in motor vehicle accidents (MVA).
Results: Between February 2005 and April 2017, 71 patients with TAI due to MVA presented to our institution. All
patients with descending aortic injuries were considered for open repair (n = 41) or TEVAR (n = 30) if there was no
contraindication. The primary outcome was mortality, and secondary outcomes were stroke, paraplegia, intensive
care unit (ICU), and hospital stay.
The mean age was 28.4 ± 10.1 years in the OR group and 33.3 ± 16.6 years in TEVAR-group (P = 0.13). The injury
severity scores were 41 ± 10 in the OR group and 33 ± 17 in the TEVAR group (P = 0.03). Patients in the OR group
underwent emergency repair with a mean time of 0.56 ± 0.18 days from arrival. The TEVAR group had a longer
time interval between arrival and procedure (2.1 ± 1.7 days, P = 0.001). The OR group had more blood transfusion
(24 (58.5%) vs. 8 (27.5%), P = 0.002), renal impairment (6 (14.6%) vs. 1 (5.50%), P = 0.23), and wound infection (21
(51.2%) vs. 3 (10%), P < 0.001). Three TEVAR patients had a perioperative stroke compared to two patients in the OR
group (P = 0.64). There was no difference in the mean ICU (6 ± 8.9 vs. 5.3 ± 2.9 days; P = 0.1) or hospital stay (20.1
± 12.3 vs. 20.1 ± 18.3, P = 0.62) between the two groups. There were four deaths in the OR group and none in the
TEVAR group (P = 0.13).
Conclusion: The results of TEVAR were comparable with the open repair for traumatic aortic injury with good early
postoperative outcomes. TEVAR repair could be associated with lower mortality, blood transfusion, and infective
complications. However, the complexity of the injury and technical challenges were higher in the open group.
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Background
Traumatic aortic injury (TAI) is the second most common cause of death in trauma patients after head trauma
[1, 2]. The most common site for blunt traumatic aortic
injury (BTAI) is the isthmus [3, 4]. Less than two decades ago, the reported incidence of TAI mortality was
30% due to its significant impact on multiple organs and
lack of timely medical management [5]. With the advent
of increased skillset and newer techniques, it has now
been possible to intervene on such patients with better
outcomes. However, the mortality and morbidity associated with open surgical repair are still high [4]. In a recent meta-analysis, thoracic endovascular aortic repair
(TEVAR) was associated with better mortality and morbidity compared to surgical repair [6–8]. However, patients who undergo TEVAR are usually different from
those who have open repair. Therefore, our objective
was to compare patients’ characteristics and early outcomes of TEVAR versus the open repair (OR) for the
management of BTAI in polytraumatic patients after
motor vehicle accidents.
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cannulae with crystalloid fluids. In severe bleeding, the
major hemorrhage pathway was activated, and packed
red blood cells (or blood products) were infused
appropriately. The emergency doctors performed ACLS
and ATLS assessment and management to avoid delays in initiating immediate management. If the patient was stable, central venous lines were inserted
under ultrasound guidance for fluid and blood pressure management.
All trauma patients were screened as per standardized
imaging protocols, including portable X-rays, bedside
fast ultrasound scan, and computed tomogram (±angiogram). If there was any suspicion of pericardial effusion
or tamponade, a transthoracic echocardiogram was performed (±drainage).
The diagnosis of descending thoracic injury was made
radiologically with CT aortography supplemented with
transthoracic or transesophageal echocardiography.
Traumatic aortic injuries were graded according to the
Azizzadeh classification [9].
Anesthetic management

Methods
We carried out a retrospective study on all trauma patients diagnosed with aortic injury due to motor vehicle
accidents between February 2005 and April 2017 in a
University Hospital. All patients aged above 16 years
who had traumatic aortic injury were included in the
study (n = 71). The exclusion criteria were limited to patients who did not have any aortic intervention because
of frailty or not fit for any intervention. We grouped the
patients according to the surgical technique into open
repair (n = 41) and TEVAR (n = 30). The Institutional
review board approved this study.
Data collection

We collected patients’ demographics, operative, and
postoperative data during the hospital stay and in the
outpatient clinic. The primary outcome was in-hospital
mortality, and the secondary outcomes were postoperative complications, length of intensive care unit (ICU),
and hospital stay.
Emergency department and preoperative management

We followed a systematic and standardized approach in
the emergency department for the management of
polytraumatized patients. The primary survey included
airway management, cervical spine stabilization, and optimizing breathing and circulation.
We monitored pulse oximetry, non-invasive blood
pressure monitoring, core temperature, and urinary output. The patients had to be cleared of pelvic injury before insertion of a urinary catheter. Fluid resuscitation
was implemented through two wide-bore peripheral

Anesthetic technique was standardized in all patients, and
the doses of anesthetic medications varied according to the
patients’ hemodynamic response. For hemodynamically
stable patients, intravenous propofol (1–2.5 mg/kg) in combination with fentanyl (2–3 μg/kg) or sufentanil (0.2–0.3
μg/kg) were administered. Etomidate (0.2–0.3 mg/kg) was
also considered a good alternative in unstable patients due
to a better cardiovascular profile.
Double lumen intubation and ventilation isolating the
left lung was used for better visualization during surgical
manipulations. The ventilation was maintained with a
tidal volume of 6–8 ml/kg with or without positive endexpiratory pressure (PEEP) of 5 cm H2O, according to
the anesthetist’s preference. A single dose of 5000 IU of
heparin was administered, and extracorporeal circulatory
support was kept as a standard backup in all OR cases.
Surgical treatment (open repair)

A standard left posterolateral thoracotomy approach in
the fourth intercostal space was used in all cases. The
vascular clamps were applied beyond the left subclavian
artery proximally and to the descending thoracic aorta
beyond the site of injury distally. During aortic crossclamping, the hemodynamic stability was maintained
with optimal anesthetic depth, vasoactive medications,
and intravenous beta-blockers to prevent persistent
tachycardia. The surgical repairs were performed
through the clamp and sew techniques, including a direct end to end anastomosis, interposition graft repair, or
patch repair using gel-impregnated woven Dacron prosthesis. We did not use a cell saver system for any patient
during the study period.
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Thoracic endovascular repair (TEVAR)

TEVAR was performed in the interventional radiology
suite with a cardiopulmonary bypass backup. A cardiac surgeon, an interventional radiologist, an
anesthetist, and an experienced scrub nurse were
present for all cases.
Under general anesthesia, a single dose of 5000 IU
intravenous heparin was administered; after the femoral cutdown, the common femoral artery was dissected to provide access to the descending thoracic
aorta. Under the fluoroscopic guidance with a guidewire and angiographic catheter, an aortogram of the
entire aorta was performed to identify the tear and
confirm the landing zone.
The Valiant™ thoracic aortic stent-graft (Medtronic,
Parkway, Minneapolis, USA) was used. The diameter of
the prosthesis required was measured from the CT and
confirmed on the angiogram. The stents were slightly
oversized to ensure a good seal. The stents were then
deployed in the descending aorta under fluoroscopic
guidance. An aortogram was performed to confirm satisfactory positioning of the stent and to rule out any endoleaks. After removing the device delivery system, the
femoral incision site was closed horizontally with appropriate Vicryl sutures (Ethicon, Inc., Somerville, NJ, USA)
to prevent any vessel lumen narrowing.
Statistical analysis

Qualitative data were compared with the chi-square test
or Fisher exact test when appropriate and presented as
numbers and percentages. Quantitative data were
expressed as mean and standard deviation and compared
with the t-test if normally distributed or Mann-Whitney
test if non-normally distributed. SPSS v. 25 (IBM Corp,
Armonk, NY, USA) was used to perform the statistical
analysis, and a p value of less than 0.05 was considered
statistically significant.

Results
A total of 71 cases of TAI after MVA were identified
during the study period. The OR group were all male
drivers, while 3 of the 30 patients in the TEVAR
group were females and passengers (P = 0.07). The
mean age (±SD) was 28.4 ± 10.1 years in the OR
group and 33.3 ± 16.6 years in the TEVAR group.
The mean injury severity score was significantly
higher in the OR group (Table 1). In all the patients
who survived, the site of aortic injury was close to
the isthmus.
Thirty-six patients had procedures within 24 h of admission to the hospital. Five patients had an OR within
1–4 days after the incidents. After introducing TEVAR
in 2013, all cases were attempted by TEVAR if there was
no contraindication. Though TEVAR procedures were
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done within 24 h of admission to our hospital, there was
a delay from ‘door to procedure’ due to technical and logistical issues. Time to surgery was significantly longer
in the TEVAR group (P < 0.001) (Table 2).
In the OR group, 33 cases were repaired by a direct
end to end anastomosis after excising the injured aortic
segment. Six patients had a bigger tear and had the
aortic segment replaced with a gel-impregnated woven
Dacron interposition graft. Two of them had a small tear
and hence only had patch repair with Dacron graft. The
mean (±SD) aortic cross-clamp time was 35 ± 8.71 min.
There was one on-table death due to uncontrollable
bleeding. In the TEVAR group, 29 stents were successfully deployed in the first attempt, and 1 patient required
re-deployment of the stent. There was no conversion to
open repair.
In the OR group, no patient required distal shunt, left
heart bypass, or reimplantation of intercostal arteries to
maintain spinal cord perfusion. We did not use lumbar
drainage of CSF due to the complexity of the polytrauma. We used near-infrared spectroscopy probes with
detectors (INVOS SOMANETIC 5100, Troy, MI) in 12
patients on the back in the T10-L2 posterior flank.
There was a significant reduction in the procedure’s
mean duration (2.2 ± 0.90 vs. 5 ± 3.2 h; P = 0.04) in the
TEVAR group. The OR group had more blood transfusion requirements (24 (58.5%) vs. 8 (27.5%)), renal impairment (6 (14.6%) vs. 1 (5.5%)), and wound infection
(21 (51.2%) vs. 3 (10.3%)). (Table 2) Three TEVAR patients suffered a perioperative stroke compared to two
patients in the OR group. There was no difference in the
mean ICU or hospital stay between the two groups.
There were four deaths in the OR group and none in
the TEVAR group. Three patients died due to postoperative ARDS in the ICU, and three patients died from
multiorgan failure.

Discussion
The outcomes of traumatic aortic injury improved after
the introduction of TEVAR into clinical practice. We
compare the outcomes of TEVAR to open repair in patients with blunt traumatic descending aortic injury. Patients who had open repair had a higher injury severity
score, blood loss, transfusion, and infective complications. There was no difference between approaches in
the postoperative complications and length of stay.
Multiple factors contributed to the poor prognosis of
patients with traumatic descending aortic injury [10].
Along with the aorta affected by the high-speed collision,
other major organs were commonly involved in more
than two-thirds of similar incidents in the literature [11].
The other major organs’ involvement was an independent risk factor for high mortality in these patients [12].
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Table 1 Preoperative data
Open repair (N = 41)

TEVAR (N = 30)

P value

Age (mean ± SD) years

28.4 ± 10.1

33.3 ± 16.6

0.13

Gender (male) n (%)

41 (100)

27 (90)

0.07

Diabetes n (%)

4 (9.7)

2 (6.6)

> 0.99

Hypertension n (%)

4 (9.7)

3 (10)

> 0.99

Normal/intact

6 (14.6)

16 (53.3)

GCS-mild

3 (7.3)

4 (13.3)

GCS-moderate

28 (68.3)

9 (30)

Characteristic
Demographics

Comorbidities n (%)

Neurological status n (%)

0.002

GCS severe

4 (9.7)

1 (3.3)

Pulmonary disease n (%)

2 (4.8)

0 (0)

0.51

Extracardiac arteriopathy n (%)

3 (7.3)

0 (0)

0.26

Hemopneumothorax

39 (95.1)

9 (30)

0.006

Lung contusion

36 (87.8)

9 (30)

0.08

Rib fracture

37 (90.2)

6 (20)

< 0.001

Hepatic injury

4 (9.7)

5 (16.6)

0.48

Associated injuries n (%)

Splenic injury

3 (7.3)

9 (30)

0.02

Brain contusion/injury

8 (19.5)

6 (20)

< 0.99

Maxillofacial injury

3 (7.3)

2 (6.6)

< 0.99

Vertebral injury

9 (21.9)

2 (6.6)

0.1

Fractures (major)

0

12 (40)

< 0.001

Fractures (minor)

0

11 (36.6)

< 0.001

Injury severity score (mean ± SD)

41 ± 10

33 ± 17

0.03

Preoperative critical status n (%)

4 (9.7)

11 (36.6)

0.008

GCS Glasgow coma score

Traditionally, open repairs were attempted in our institute with varied outcomes. The open repair involved a
left postero-lateral thoracotomy with different types of
clamp and sew techniques of the aortic wall either with
or without cardiopulmonary bypass. The mortality associated with open repairs were reported to be approximately thirty percent in a few studies [6, 10, 13]. This
ratio was consistent with the data from the National
Adult Cardiac Surgical Database of The Society of Cardiothoracic Surgeons of Great Britain and Ireland, which
reported an operative mortality of 28.6% [14]. Hence,
TAI surgery is now reserved in our institute, as with
most aortic centers, due to high mortality and morbidity.
However, the mortalities recorded in earlier registries
have not reported the aortic rupture’s grade and cannot
be directly correlated with the prognosis. In our experience, mortality was better than the reported literature;
however, most of our cases were grade I and II of the
BTAI Society of Vascular Surgery classification [15].
One of the observations we had in our limited

experience was the delay in transferring polytrauma patients from local hospitals to our institute. This delay,
combined with OR patients’ longer operative time, did
have a detrimental effect on such cohort prognosis. In
this polytrauma setting, every effort was made to be less
invasive and have effective time management. Initially,
our door to procedure time with TEVAR was longer due
to logistic reasons. With better coordination and staff
management, our results improved, and every traumatic
aortic case was considered for TEVAR unless
contraindicated.
Although there are no randomized controlled trials to
prove the efficacy of TEVAR over OR, it is now considered the standard of care to manage the traumatic descending aortic injury in the absence of any
contraindications and with favorable anatomy [15–17].
Several groups have reported their experience with
TEVAR with comparable outcomes to OR [18–20].
These studies demonstrated technical feasibility and low
periprocedural complication rates.
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Table 2 Operative and postoperative data
Characteristic

Open repair (N = 41)

TEVAR (N = 30)

P value

Operative data
Procedure urgency n (%)

0.08

Scheduled

5 (12.1)

9 (30)

Urgent

36 (87.8)

21 (70)

Time to surgery (mean ± SD) days

0.56 ± 0.18

2.09 ± 1.71

0.001

Successful surgery\graft deployment n (%)

40 (97.5)

29 (96.55)

> 0.99

Operative blood loss (> 500 ml) n (%)

27 (65.85)

6 (20)

< 0.001

Intraoperative blood transfusion n (%)

24 (58.5)

6 (20))

0.002

Neurological complications n (%)

2 (4.8)

3 (10)

0.64

Renal complications n (%)

6 (14.6)

1 (3.3)

0.23

Infective complications n (%)

21 (51.2)

3 (10)

< 0.001

Arrhythmias n (%)

0

1 (3.3)

> 0.99

Intensive care unit, days (mean ± SD)

6 ± 8.9

5.26 ± 2.9

0.1

Postoperative stay, days (mean ± SD)

20.1 ± 12.31

20.05 ± 18.25

0.62

Mortality n (%)

4 (9.7)

0

0.13

Postoperative data

Length of stay

The scientific evidence comparing conventional OR and
TEVAR for TAI [7, 17, 21, 22] are also limited by them
being retrospective observational studies, as was the case
with our research. We started our TEVAR program in
2013 and have now successfully performed more than 40
patients ever since. In our experience, the early outcome
with TEVAR has been at least as good as that with OR.
However, we had more cases of stroke with TEVAR
though it was not statistically significant. We did not have
any significant spinal cord injury in either group of our
study to make a proper comparison between them.
The reporting of long-term durability of both open repair and endovascular stenting is very limited [18, 20,
23]. In our study, we had intended to follow-up with our
patients on an annual basis with a CT aortogram to ensure the stability of the thoracic stent and the integrity
of the aortic vessel wall. However, since our cohort
mainly comprised young male drivers from a wide geographical area, they could not return for regular followups or their surveillance computed tomography.
The main stages in our management for this cohort
who had sustained a deceleration/acceleration injury
with potential aortic injury were to rapidly stabilize
the cardiopulmonary status, appropriate trauma imaging, identification of other associated injuries to
prioritize early or delayed prompt open surgical
versus endovascular repair, close hemodynamic and
neurological monitoring, and prompt interventions
and intensive postoperative care. All of these have improved prognosis and reduced the incidence of postoperative complications.

Limitations

As with previous studies in the literature, our study’s
main limitations are the small cohort, and the study was
retrospective. However, it will be difficult to perform a
randomized controlled trial as this is a highly morbid
condition. Current practice guidelines of the Society of
Vascular Surgery for Traumatic Aortic Injury have been
framed and updated based on observational studies [15].
Lack of long-term endovascular stenting outcomes is a
shortcoming of this study that could not provide local
and national recommendations for TEVAR in all BTAI.

Conclusion
The results of TEVAR are comparable with the open repair for traumatic aortic injury with good early postoperative outcomes. TEVAR repair could be associated with
lower mortality, blood transfusion, and wound infection.
However, the complexity of the injury and technical
challenges were higher in the open group.
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