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ABSTRACT

BACKGROUND In recent years, thoracic endovascular aortic repair (TEVAR) has emerged as the 
standard of care for management of blunt thoracic aortic injury (BTAI), resulting in reduced rates of 
in-hospital mortality. We identified factors, including arch type, that may impact endoleaks among 
these patients.

METHODS The Aortic Trauma Foundation registry was used to identify patients with BTAI managed 
with TEVAR from 2012 to 2023 for whom arch type was documented. Type 1 endoleak rates, graft 
specifications, lesion characteristics, demographics, and mechanism of injury were compared.

RESULTS The analysis included 405 patients. Patients with type II and III arches were more likely to 
have an endoleak compared with those with type I arches (4.3% vs 7.7% vs. 1.1%, P � .019). Those with 
type 1 endoleak also had a higher maximum lesion diameter on average (31 mm vs 23 mm, P � .034). 
Left subclavian artery coverage conferred a higher endoleak rate (5.1% vs 1.2%, P � .019), particularly 
among those with type II or III arches (9.1%). Patients with endoleak did not have a higher mortality 
rate. Furthermore, there was no difference in rates of endoleak when comparing Society for 
Vascular Surgery grade, device dimensions, bovine anatomy, lesion length, sex, age, comorbidities, 
trauma center volume, Injury Severity Score, or mechanism.

CONCLUSIONS As endovascular therapies continue to be the mainstay in the surgical management 
of BTAI, identification of anatomic features that increase the risk of technical failure is critical. 
Especially in cases of zone 2 TEVAR, arch angulation appears to impact endoleak rate and could 
influence device selection.
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B lunt thoracic aortic injury (BTAI) is a surgi-cal emergency and remains the second 
most common cause of death in blunt 

trauma. Autopsy studies reveal that up to 80% 

of BTAI deaths occur before patients reach the 
hospital. 1,2 For those who survive to the 
hospital, prompt repair is critical. Historically,

open repair was used for management of these 
injuries, resulting in a high level of morbidity 
and mortality. The first reported case of 
endovascular repair for BTAI was in 1997. 3 In 
the years since, thoracic endovascular aortic 
repair (TEVAR) has emerged as the standard of 
care for management of these injuries.
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With increasing use of an endovascular para-
digm, a significant decrease in morbidity and 
mortality has been observed. 4 TEVAR has, 
however, introduced a new set of technical and 
anatomic considerations that influence efficacy 
and complication rates. Specifically, type 1 
endoleak, characterized by incomplete sealing 
at the proximal end of the stent graft, is a 
common cause of graft failure. Understanding 
the relationship between aortic arch morphology 
and the incidence of type 1 endoleak is essential 
for refining endovascular strategies and 
optimizing device selection.
Aortic arch types—ranging from type I to type 

III—are defined by the relationship of the great 
vessel origins to the horizontal plane of the outer 
curvature of the arch. 5 This classification system 

serves as a useful proxy for the degree of aortic 
arch angulation. This study analyzed the impact 
of aortic arch anatomy, among other factors, on 
the risk of type 1 endoleak in patients 
undergoing TEVAR for BTAI.

PATIENTS AND METHODS

The Aortic Trauma Foundation (ATF) registry was 
used to perform a retrospective analysis of pa-
tients with BTAI from January 2012 to October 
2023. This is a prospective registry of BTAI diag-
nosis, treatment, and outcomes from 48 trauma 
centers worldwide. Information is gathered on 
demographics, comorbidities, lesion characteris-
tics, anatomy, mechanism of injury, manage-
ment, complications, and mortality.
In this study, only patients managed with 

TEVAR for whom arch type was documented 
were included for analysis. Arch type was iden-
tified by approximating the relationship of the 
great vessel origins to the outer curvature of the 
arch using computed tomography (CT) or angio-
graphic imaging. The method of this categoriza-
tion was left to the discretion of each recruiting 
institution (Figure 1).
The primary outcome was endoleak rate. All 

reported endoleaks in our study were type 1. The 
data collected were not further subcategorized 
into type 1a (proximal) or 1b (distal) endoleak. 
Virtually all type 1 endoleaks seen with TEVAR 
are type 1a, however, occurring at the proximal 
landing zone at the aortic arch. Secondary out-
comes included in-hospital and aortic-related 
mortality. Categorical variables were compared 
with χ 2 tests, and continuous variables were 
compared with analysis of variance tests using 
SAS statistical software (SAS Institute, Inc).

RESULTS

Of >1200 patients with BTAI enrolled in the ATF 
registry, 405 patients met the aforementioned 
inclusion criteria. Among these patients, 273, 93, 
and 39, had type I, II, and III aortic arches, 
respectively. Patients with type II and III arches 
were significantly more likely to have an endo-
leak compared with those with type I arches 
(4.3% vs 7.7% vs 1.1%, P = .019) (Figure 2). 
Failure of device delivery, failure of deployment, 

migration, maldeployment, and malposition by arch 
type were compared, and no differences were 
identified. Additionally, rates of reintervention were 
comparable among the arch types after TEVAR. 
There was also no significant difference in endoleak 
rate among those with bovine arch anatomy. 
Coverage of the left subclavian artery for a zone

2 deployment was performed in 54% of the 
TEVARs in our sample. These were more likely to 
have an endoleak than those deployed more 
distally (5.1% vs 1.2%, P = .019). The rate of 
endoleak in zone 2 TEVARs with more aggressive 
arch angulation (ie, type II or III arches) was 9.1%. 
In comparing device manufacturers, Gore 

endografts had fewer endoleaks than Medtronic, 
although this was not a statistically significant 
finding (0.94% vs 4.4%, P = .052). Relatively 
fewer Cook and Bolton grafts were used in the 
data set, and no endoleak difference was noted 
when including these manufacturers. We simi-
larly assessed rates of endoleak by device length, 
as well as proximal and distal device diameters, 
and our analysis revealed no differences.
We investigated various lesion characteristics 

to evaluate for potential predictors of endoleak. 
We found no difference by Society for Vascular 
Surgeons grade, lesion length, percentage 
circumference of the aorta involved, or distance 
from the left subclavian artery. There was, how-
ever, a difference in relation to lesion location 
when comparing greater curvature, lesser curva-
ture, and both curvatures involved. Endoleak 
rates were 6.8%, 2.3%, and 0.6%, respectively 
(P = .0275). Additionally, average maximum 

diameter was greater among those with endoleak

IN SHORT

▪ Patients with type II and III aortic arches are more
likely to have a type 1 endoleak compared with
those with type I arches.

▪ Left subclavian artery coverage confers a higher
type 1 endoleak rate, particularly among those
with type II or III arches.
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(31 [SD, 16] mm) compared with those without (23 
[SD, 11] mm) (Table 1).
There was no difference in rates of endoleak 

when comparing sex, age, or comorbidities, 
including hypertension, smoking, or prior stroke. 
Furthermore, no difference was identified by 
mechanism, Injury Severity Score, trauma center 
volume, or after-hours repair. Patients with 
endoleak did not have a higher rate of in-hospital 
or aortic-related mortality (Table 2).

COMMENT

TEVAR has emerged as a pivotal intervention for 
treating BTAI by significantly improving patient 
outcomes, but it has also highlighted a set of 
technical considerations and distinct complica-
tions, including endoleak. Endoleak rate after 
TEVAR has been reported between 9% and 38%. 
Parmer and colleagues 6 monitored 105 TEVAR

patients and noted an endoleak rate of 29%, of 
which 40% were type 1, 35% were type 2, 20% 

were type 3, and 5% had >1 type of endoleak. 
Ninety percent of endoleaks were detected 
within the first month on routine postoperative 
CT scan. Fifty percent of the type 1 endoleaks 
were successfully repaired endovascularly. 
Although some advocate for an endovascular 

approach to treat type 1a endoleak, an open or 
hybrid approach is often necessary if there is an 
insufficient proximal landing zone. Dun and col-
leagues 7 monitored 23 patients who received 
operative intervention for type 1a endoleak after 
TEVAR and reported 15 were managed with total 
arch replacement with the frozen elephant trunk 
procedure, 2 with direct closure of the endoleak, 
4 with hybrid aortic arch repair, 1 with arch 
debranching with TEVAR, and 1 with left 
subclavian artery-to-left carotid artery bypass 
with TEVAR. Despite the favorable risk profile seen 
with TEVAR, graft failure due to endoleak can still 
result in the need for high-risk salvage procedures. 
With modern CT angiographic imaging, a great 

deal of preprocedural anatomic information is readily 
available. Arch type is one such key data point that 
can inform operative planning to help surgeons pre-
empt complications that could ultimately require 
reintervention. It is accepted that with increased arch 
angulation comes an increased risk for type 1 endo-
leak; however, this study serves to quantify it. 
Complete coverage of the left subclavian artery is 

performed in 50% to 70% of TEVARs. It is inde-
pendently associated with several complications, 
including arm claudication and stroke, and is 
typically only performed in emergent situations

FIGURE 1 Aortic arch types I to III with dotted line indicating the horizontal plane of the outer curvature of the arch 
(provided by the Aortic Trauma Foundation).

FIGURE 2 Endoleak rate by arch type.
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to ensure an adequate proximal seal. 8,9 Our 
analysis reveals that it may also increase the 
risk of a type 1 endoleak, which could, in the 
long-term, adversely impact outcomes. When 
it comes to arch morphology and proximal 
landing zone planning, graft choice may be 
influenced.
There are a myriad of considerations when 

choosing a graft, including surgeon experience, 
institutional preferences, patient characteristics, 
and anatomic factors. High-density grafts with 
increased radial force may be preferred for sta-
bility and resistance to migration, whereas flex-
ible stent grafts are often selected when 
conformability is a priority. Our group is currently 
conducting a complementary ATF registry study 
that will provide an in-depth analysis of TEVAR 
device considerations and complications.

LIMITATIONS. One limitation of this study is the 
subjective nature of arch type categorization. 
This was not quantified or standardized across 
recruiting institutions. Estimating the relation-
ship of the great vessel origins to the line 
perpendicular to the greater curve is a practical 
way to quickly categorize and communicate 
aortic arch morphology, but it is not exact. 
Studies that quantify arch type do so by 
measuring the vertical distance from the level of 
the innominate artery origin to the top of the 
arch. The distance is <1 × left common carotid 
artery (LCCA) diameter in a type I arch, 1 to 2 × 

LCCA diameter in a type II arch, and >2 × LCCA 
diameter in a type III arch. 10 Implementing this 
form of categorization would have removed a 
degree of subjectiveness from our study.
In addition to the inherent limitations as a 

retrospective study, this analysis also lacks in-
formation on long-term outcomes. Particularly in 
the setting of the quick and steep rise of endo-
vascular management over the past 2 decades, 
monitoring long-term data will be an important 
future step. Furthermore, although the ATF data 
set has the strength of a large number of in-
stitutions involved with diverse patient pop-
ulations and capabilities, the number of 
endoleaks reported is quite small (10), limiting 
the power of our statistical analyses.

CONCLUSION. As endovascular therapies continue 
to be the mainstay in the surgical management of 
BTAI, identification of anatomic features that in-
crease the risk of technical failure is critical. 
Especially in cases of zone 2 TEVAR, arch angu-
lation appears to impact endoleak rate and could 
influence device selection.

The Appendix can be viewed in the online version of this article 

[https://doi.org/10.1016/j.atssr.2025.07.025] on https://www. 

annalsthoracicsurgeryshortrep.org.

The authors would like to acknowledge their collaborators at the Aortic 

Trauma Foundation.

FUNDING SOURCES
The authors have no funding sources to disclose.

DISCLOSURES
Pedro Teixeira reports a relationship with Medtronic Inc that includes: 

consulting or advisory. The other authors have no conflicts of interest to 

disclose.

TABLE 1 Anatomy, Lesion, and Device Characteristics

Variable
Type 1 Endoleak 

(n = 10)
No Endoleak 

(n = 395) P Value

Arch type .0198
Type I 3 (30) 270 (68)
Type II 4 (40) 89 (23)
Type III 3 (30) 36 (9)

Bovine arch anatomy 3 (30) 78 (20) .4456
Location .0275
Greater curvature 5 (50) 74 (19)
Lesser curvature 3 (30) 132 (33)
Both 1 (10) 155 (39)

Maximum diameter, mean 
(SD), mm

31 (16) 23 (11) .0342

Left subclavian covered 7 (70) 131 (33) .0196
Device manufacturer .0522
Gore 2 (20) 212 (54)
Medtronic 4 (40) 90 (23)

Data are presented as n (%), unless indicated otherwise as mean (SD).

TABLE 2 Demographics and Endoleak Rate

Variable
Type 1 Endoleak 

(n = 10)
No Endoleak 

(n = 395) P Value

Sex .4925
Male 7 (70) 312 (79)
Female 3 (30) 83 (21)

Age, mean (SD), y 50 (18.6) 42 (17.6) .1930
Injury Severity Score, 

mean (SD)
38 (22) 32 (14) .2906

Hypertension 3 (30) 83 (21) .4925
Smoker 1 (10) 81 (21) .4142
Prior stroke 1 (10) 7 (2) .0648
Trauma admits per year .2102
<1000 0 (0) 49 (12)
1000-2000 3 (30) 54 (14)
2000-3000 5 (50) 135 (34)
>3000 2 (20) 149 (38)

Overnight repair 6 PM-6 AM 3 (30) 141 (36) .6889
In-hospital mortality 2 (20) 32 (8) 0.1802
Aortic-related mortality 1 (10) 7 (2) 0.0648

Data are presented as n (%), unless indicated otherwise as mean (SD).
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