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ABSTRACT

Background: Endografts originally designed and approved 
for the treatment of thoracic aortic aneurysms have rapidly 
been adopted for nonapproved use in the treatment of disor-
ders of the thoracic aorta, including aortic transection, dis-
section, pseudoaneurysms, and thoracoabdominal aneurysms. 
The purpose of this study was to evaluate the early outcomes 
of patients treated with thoracic endografts for nonapproved 
indications at our institution.

Methods: The medical records of patients undergo-
ing thoracic endografting at our institution from August 
2005 until March 2008 were reviewed. Patients undergoing 
endografting for uncomplicated thoracic aortic aneurysms 
were excluded. The outcomes of patients with extended indi-
cations for thoracic endografting were studied.

Results: During the study period, endografting was per-
formed in 31 patients for nonapproved aortic conditions. 
Patients underwent endografting for a spectrum of indications, 
including aortic transection (n = 12), complications of type B 
aortic dissection including rupture (n = 9), thoracoabdominal 
aneurysm with visceral debranching (n = 6), aortic arch deb-
ranching (n = 2), and pseudoaneurysm associated with prior 
coarctation repair (n = 2). Early outcomes were favorable. 
All patients had successful endograft repair of their anatomic 
lesion. There were no endoleaks. There was no hospital mor-
tality. Average hospitalization was 15 days for patients with 
aortic transection and 9 days for all other patients. 

Conclusions: Thoracic endografts are versatile devices 
that with appropriate expertise can be used effectively to treat 
a spectrum of disorders of the thoracic aorta, including acute 
emergencies. Early outcomes of patients with extended indica-
tions for thoracic endografting compare favorably to published 
series of patients treated with open procedures. Further study is 
required to assess the long-term efficacy of these devices.

InTRoduCTIon

Disorders of the descending thoracic aorta, including aneu-
rysms, pseudoaneurysms, traumatic transections, and type B 
dissections, remain clinically challenging. Patients with these 
conditions frequently present acutely with life-threatening 
complications, such as hemorrhage and malperfusion syn-
dromes [Johansson 1995; Coady 1999]. The treatment of these 
disorders is complex, with high rates of morbidity, mortality, 
and surgical procedures. Early mortality rates for open repair 
of complicated type B aortic dissections have been reported to 
be as high as 57% [Fann 1990; Glower 1990; Fann 1995; Schor 
1996; Safi 1998; Elefteriades 1999; Lansman 2002; Umana 
2002]. Operative mortality rates for open repair of aortic 
transection have ranged from 0% to 54%, with the incidence of 
paraplegia ranging from 0% to 36% [von Oppell 1994; Fabian 
1997; Gammie 1998; Moainie 2008].

Vascular endografts suitable for delivery into the thoracic 
aorta have been developed during the past several years, lead-
ing to the approval of devices for the endovascular treatment of 
descending thoracic aortic aneurysms [Makaroun 2005; Has-
soun 2006; Fairman 2008]. The early and midterm outcomes 
of endografting for the treatment of descending thoracic aor-
tic aneurysms has been encouraging [Makaroun 2005; Hoorn-
weg 2006; Wheatley 2006; Bavaria 2007; Fairman 2008]. 
This early success has encouraged the use of endografting 
techniques for nonapproved indications, including pseudoa-
neurysms, transections, and type B dissections [Orend 2002; 
Umana 2002; Orford 2003; Hoornweg 2006;Wheatley 2006; 
Kaufman 2007; Szeto 2008]. The purpose of this study was to 
evaluate the early outcomes of patients treated at our institu-
tion with endografting techniques for nonapproved, extended 
conditions of the thoracic aorta. 

MATeRIAlS And MeThodS

This study was approved by the institutional review board 
at Oregon Health and Science University. Individual consent 
was waived.

Demographic and clinical data from all patients undergo-
ing cardiovascular surgical procedures at our institution were 
prospectively entered into a database. In the period from April 
2005 to April 2008, 31 of these patients underwent thoracic 
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endografting for the nonapproved indications of pseudoan-
eurysm, transection, type B dissection, and arch or visceral 
debranching. Patients undergoing endografting for uncom-
plicated thoracic aortic aneurysms were excluded from the 
study. The demographic and clinical information for the 31 
patients was recorded and grouped by diagnosis for analysis.

All endovascular procedures were performed while patients 
were under general anesthesia in an angiographic operat-
ing suite with fixed fluoroscopic equipment. To minimize 
endograft collapse, upsizing in all procedures was limited to 
3 to 4 mm (<15%). 

ReSulTS

Preoperative Characteristics
Thoracic aortic endografting for nonapproved aortic 

conditions was performed in 31 patients during the study 
period. The preoperative characteristics of these patients 

are summarized in Table 1. The conditions for which 
endografting was performed were pseudoaneurysm, trau-
matic transection of the descending thoracic aorta, type 
B aortic dissection, and aortic arch and thoracoabdominal 
aneurysms, which were treated with arch and visceral deb-
ranching procedures, respectively. 

The 2 patients who underwent endografting for pseudoa-
neurysm were both young men (ages 25 and 33 years) who 
had a history of aortic coarctation with prior open repair. 
These patients presented with large symptomatic pseudoa-
neurysms but otherwise had uncomplicated past medical 
histories. Endografting was preferred to open repair in both 
of these patients because of the history of prior surgery and 
a desire to avoid redo thoracotomy in the setting of a large  
pseudoaneurysm. 

Patients undergoing endografting for type B aortic dissec-
tion all presented acutely. This group had the oldest mean 
age at 70 years. The most common immediate indication for 

Table 1. Preoperative Characteristics of Patients Undergoing Thoracic Endografting for Extended Indications

Extended Indication for Endografting Pseudoaneurysm
Acute Type B Aortic 

Dissection Aortic Transection
Aortic Arch or 

Thoracoabdominal Aneurysm

Number of patients 2 9 12 8

Age range, y 25-33 48-89 13-78 44-75

Mean age, y 29 70 40 64

Sex

Male 100% 67% 50% 62%

Prior operation 100% 0% 8% 50%

Comorbidities

Multisystem trauma 0% 0% 100% 0%

Hypertension 50% 11% 8% 50%

Coronary artery disease 0% 0% 25% 0%

Atrial fibrillation 0% 0% 8% 12%

Chronic obstructive pulmonary disease 0% 11% 8% 25%

Chronic renal insufficiency 0% 0% 8% 12%

Peripheral vascular disease 0% 11% 8% 25%

Congenital heart disease 100% 0% 0% 0%

Indication for stent grafting

Pseudoaneurysm 100% 0% 0% 0%

Malperfusion 0% 11% 0% 0%

Rupture with hemothorax 0% 89% 0% 0%

Transection 0% 0% 100% 0%

Aortic arch aneurysm 0% 0% 0% 25%

Thoracoabdominal aneurysm 0% 0% 0% 75%

Status

Elective 0% 0% 0% 88%

Urgent 100% 11% 0% 12%

Emergent 0% 89% 100% 0%
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endografting in this group was rupture with hemothorax. All 
of these patients were treated emergently. One patient had 
visceral malperfusion and underwent urgent endgrafting. 

During the study period thoracic endografting was used 
as front-line therapy for traumatic aortic transection at our 
institution. The average age of patients in this group was 40 
years, but the ages varied widely, from 13 to 78 years. Patients 
with traumatic aortic transection all presented with complex 
constellations of multisystem trauma, including closed head 
injury, lung contusion, intraabdominal organ injuries, pel-
vic fractures, and extremity injuries. All patients with aortic 
transection were treated emergently. 

Eight patients with aortic arch or thoracoabdominal aneu-
rysms were treated with debranching procedures during the 
study period. The mean age for these patients was 64 years, 
and these procedures were performed prophylactically for 
the treatment of enlarging aneurysms. This group had the 
highest incidence of medical comorbidities, including hyper-
tension (50%), chronic obstructive pulmonary disease (25%), 
and peripheral vascular disease (25%). This group also had a 
high incidence of prior aortic procedures (50%). 

Intraoperative Details
The intraoperative details of thoracic endografting pro-

cedures performed for extended indications in this series are 
summarized in Table 2. 

In 2 patients treated for pseudoaneurysm, Gore iliac limbs 
(16 mm × 18 mm × 95 mm and 16 mm × 20 mm × 95 mm) 
were used because of considerations of aortic diameter. In 
both cases, the left subclavian artery was covered because of 
the proximity of this arterial branch to the prior coarctation 
repair. Percutaneous access was available by femoral artery 

closure with a Perclose device (Abbott Laboratories; Abbott 
Park, IL, USA) in 1 patient, and the other patient required an 
iliac artery cutdown. Both procedures were successful acutely, 
with no endoleaks or device collapse at the time of operation 
or at discharge (Figure 1).

The majority of patients treated for type B aortic dissec-
tion received a device designed for deployment in the tho-
racic aorta. Device sizing ranged from 31 mm × 150 mm to  
37 mm × 200 mm. Percutaneous access was available in a 
majority of patients, and femoral and iliac artery cutdowns 
were required in 4 patients. All procedures were success-
ful acutely, with no endoleaks or device collapse at the time 
of operation or at discharge (Figure 2). Because of aortic 
diameter considerations, abdominal devices such as Zenith 
abdominal aortic cuffs (Cook Medical, Bloomington, IN, 
USA) were frequently used in patients treated for aortic 
transection. The left subclavian was covered in 17% of the 
cases. Sizes of devices ranged from 28 mm × 100 mm to 24 
mm × 55 mm. Aortic cuff size averaged 31 mm × 40 mm. 
Five patients required 2 devices for adequate coverage, and 
1 patient required 3 devices (22 mm × 55 mm). Percutaneous 
access was available in 92% of patients. All procedures were 
successful acutely, with no endoleaks or device collapse at the 
time of operation or at discharge (Figure 3).

The 8 patients treated for aortic arch or thoracoabdominal 
aneurysms were treated with a device designed for deploy-
ment in the thoracic aorta. Coverage of the left subclavian 
artery was necessary in 25% of the cases. Sizes ranged from 
26 mm × 100 mm to 40 mm × 200 mm. The majority of 
patients required only a single device. One patient required 
2 devices and another required 3. Because of the need for 
visceral or arch vessel bypass, ready open access to the iliac 

Figure 1. Representative images before (Pre) and after (Post) endovascular repair of aortic pseudoaneurysm, which was performed in 2 patients (mean age 
29 years); 100% of patients had congenital heart disease, 50% had hypertension, and 100% had undergone prior surgery. 
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artery or ascending aorta was typically made available for all 
patients. All lesions in this series were successful acutely with 
no endoleaks detected at the time of operation or prior to 
discharge (Figures 4 and 5).

Postoperative Outcomes
There was no hospital mortality in this series of patients. 

One patient treated for type B aortic dissection developed 
unilateral lower-extremity weakness related to spinal cord 
ischemia. His symptoms resolved during the long-term  
follow-up period. The majority of patients treated for transec-
tion required prolonged ventilation because of their other 
traumatic injuries. The incidence of prolonged ventilation 
was lower in other patient groups. One patient who under-
went an arch debranching procedure suffered an embolic 
stroke but had no residual neurologic symptoms at the time of 
his discharge. One patient who underwent visceral debranch-
ing required revision for thrombosis of a renal artery bypass 
graft. There were no vascular complications related to arte-
rial access in this series. The majority of patients in this series 
were discharged to home. Because of their associated injuries 
aortic transection patients were discharged to skilled nursing 
facilities more frequently than patients in other groups.

Because of the contemporary nature of this series, medium-
term follow-up imaging was not complete at the time of this 
report. Follow-up imaging has been performed for 18 of the 
31 patients, with the duration of follow-up ranging from 223 
to 444 days. The follow-up imaging results available at the 
time of this report were encouraging, with 100% of endovas-
cular repairs intact with no endoleaks.

dISCuSSIon

Thoracic endografts approved for the treatment of tho-
racic aortic aneurysms have been available in the United 
States since 2005. Since the development of these endografts 

and the proliferation of other vascular endoprostheses on 
the marketplace, endovascular techniques have rapidly been 
extended to the treatment of nonapproved conditions of the 
thoracic aorta, such as type B aortic dissection and transection. 
The purpose of this study was to assess the early outcomes of 
patients with extended indications for thoracic endografting 
at our institution.

Table 2. Intraoperative Details of Thoracic Endografting Procedures Performed for Extended Indications

Extended Indication for 
Endografting Pseudoaneurysm

Acute Type B Aortic 
Dissection Aortic Transection

Aortic Arch or 
Thoracoabdominal Aneurysm

Arterial access

Percutaneous 50% 55% 92% 12%

Femoral artery cutdown 0% 22% 8% 12%

Iliac artery cutdown 50% 22% 0% 50%

Ascending aorta 0% 0% 0% 25%

Device

Gore iliac limb 100% 0% 0% 0%

Gore TAG 0% 89% 42% 100%

Zenith aortic cuff 0% 11% 58% 0%

Left subclavian artery covered 100% 11% 17% 25%

Acute procedural success 100% 100% 100% 100%

Endoleak 0% 0% 0% 0%

Figure 2. Representative images before (Pre) and after (Post)  
endovascular repair of type B aortic dissection, which was performed 
in 9 patients with (mean age 70 years); 89% had aortic rupture with 
hemothorax, and none had a prior operation.

PRe PoST
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Table 3. Postoperative Outcomes of Patients Undergoing Thoracic Endografting for Extended Indications

Extended Indication for Endografting

Pseudoaneurysm Acute Type B Aortic Dissection Aortic Transection
Aortic Arch or 

Thoracoabdominal Aneurysm

Mortality 0% 0% 0% 0%

Complications

Cerebrovascular accident 0% 0% 0% 12%

Spinal cord ischemia/paralysis 0% 11% 0% 0%

Prolonged ventilation 0% 33% 92% 25%

Renal failure 0% 0% 0% 12%

Vascular 0% 0% 0% 12%

Length of stay, d 7 10 17 18

Disposition

Home 100% 78% 58% 75%

Skilled-nursing facility 0% 22% 42% 25%

Follow-up

Medium-term follow-up 
available

50% 44% 42% 100%

Mean length of follow-up, d 223 444 433 400

Intact repair 100% 100% 100% 100%

Figure 3. Representative images before (Pre) and after (Post) endovascular repair of traumatic aortic transaction, which was performed in 12 patients (mean 
age 40 years); 100% had multisystem trauma, and 0% had prior operation.
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Early procedural outcomes in this series were excellent. All 
patients had successful repair of their thoracic aortic lesion 
with the endografting procedure. Many procedures were per-
formed percutaneously, without the need for femoral artery 
cutdown or other access procedure. Early clinical outcomes 
were also encouraging. There was no mortality, and the fre-
quency of complications, including neurologic complications, 
was low. The historical morbidity and mortality associated 
with open repair of type B aortic dissection are particularly 
high, with reported mortality in the 25% to 57% range [Fann 
1990; Glower 1990; Fann 1995; Schor 1996; Safi 1998; Lans-
man 2002; Umana 2002; Elefteriades 2005]. These early clin-
ical outcomes compare favorably to the reported outcomes 
for open procedures and are consistent with other recent case 
series on early outcomes for thoracic endograft procedures 
[Orend 2002; Umana 2002; Orford 2003; Hoornweg 2006; 
Wheatley 2006; Kaufman 2007; Szeto 2008].

Limitations of the study include the fact that it is a retro-
spective analysis, a design with the potential to introduce bias, 
and that medium-term follow-up is incomplete in this series. 
Not all patients received a computed tomographic scab during 
the follow-up period, so it is impossible to compare findings 
in patients who undergo complete follow-up studies and those 
who did not. However, the available serial imaging on those 
patients who had completed follow-up studies at the time of 
this report is encouraging. All follow-up imaging to date has 
demonstrated intact endograft repairs. The high rate of proce-
dural success is likely related to the nature of the aortic lesions 

treated. Treatment of pseudoaneurysm, dissection, and transec-
tion required a relatively small segment of aorta to be covered 
by the endograft to exclude an intimal disruption, in contrast to 
treatment of thoracic aneurysms, which requires larger areas of 
aorta to be excluded. Patients undergoing debranching proce-
dures benefited from relatively long landing zones, which also 
made the endografting procedure more likely to be successful. 

Long-term follow-up is necessary to validate this approach 
and rule out late complications, including aortic wall perfo-
ration and pseudocoarctation syndrome, among the vari-
ous patient groups. Because long-term results with these 
devices have not been exhaustively examined, prudent patient 
selection and diligent follow-up is required. We have been 
sufficiently encouraged by our early results with thoracic 
endografting for extended indications to continue its use in 
select patients. Currently, we consider thoracic endografting 
to be first-line therapy for patients presenting to our institu-
tion with pseudoaneurysm, aortic transection, and complica-
tions arising from acute type B aortic dissection. We reserve 
thoracic endografting debranching procedures for patients 
with aortic arch and thoracoabdominal aneurysms who are 
poor candidates for open repair because of comorbidities, 
including prior aortic surgery.

Figure 5. Representative images before (Pre) and after (Post) endovas-
cular repair of thoracoabdominal aneurysm, which was performed in 6 
patients (mean age 64 years); 83% of patients had comorbidities, and 
66% had prior operation.

PRe PoST

Figure 4. Representative images before (Pre) and after (Post) endovas-
cular repair of aortic arch aneurysm, which was performed in 2 patients 
(mean age 56 years); 100% of patients had comorbidities, and 100% 
had prior operation.
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It is important to inform patients about the advantages 
and disadvantages, risks, and alternatives with regard to tho-
racic endografting in the treatment of conditions that are not 
approved indications. Informed consent for procedures was 
obtained from all patients in this study. Specific outcomes 
such as the reduced need for blood transfusion, the avoidance 
of thoracotomy, and the potential for reduced length of stay 
provide strong support for the use of thoracic endografting in 
patients presenting without contraindications.

The procedures in this study were performed by experi-
enced practitioners, and the results may not be representa-
tive of typical practice. Careful patient selection and sufficient 
surgeon training and experience with these procedures and 
devices are essential in considering the application of these 
technologies to the extended indications investigated.

There are currently 3 approved devices for thoracic 
endografting, including the original Gore TAG device (W.L. 
Gore & Associates, Inc., Flagstaff, AZ, USA), approved in 
2005, the Talent™ Thoracic Stent Graft (Medtronic, Inc., 
Minneapolis, MN, USA), and the Zenith TX2 Thoracic TAA 
endovascular graft (Cook Medical, Bloomington, IN, USA), 
both approved in 2008. In addition, a wider array of device 
sizes is now available for the treatment of thoracic aneurysm. 
For the nonaneurysmal aorta, however, there is still a need 
for endoprostheses of appropriate size mounted on delivery 
systems long enough for deployment in the thoracic aorta. 
As these are developed and long-term studies are completed, 
the number of patients who may benefit from endografting 
will expand considerably beyond those with thoracic aortic 
aneurysms.

ACknowledgMenTS

The authors have no personal conflicts of interest or finan-
cial disclosures to report. There are no outside sources of 
funding or research support.

RefeRenCeS

Bavaria JE, Appoo JJ, Makaroun MS, et al. 2007. Endovascular stent 
grafting versus open surgical repair of descending thoracic aortic aneu-
rysms in low-risk patients: a multicenter comparative trial [see comment]. 
J Thorac Cardiovasc Surg 133:369-77. 

Coady MA, Rizzo JA, Goldstein LJ, Elefteriades JA. 1999. Natural his-
tory, pathogenesis, and etiology of thoracic aortic aneurysms and dissec-
tions. Cardiol Clin 17:615-35.

Elefteriades JA, Lovoulos CJ, Coady MA, Tellides G, Kopf GS, Rizzo 
JA. 1999. Management of descending aortic dissection. Ann Thorac Surg 
67:2002-5; discussion 2014-9.

Fabian TC, Richardson JD, Croce MA, et al. 1997. Prospective study of 
blunt aortic injury: Multicenter Trial of the American Association for the 
Surgery of Trauma. J Trauma 42:374-80; discussion 380-3. 

Fairman RM, Criado F, Farber M, et al. 2008. Pivotal results of the 
Medtronic Vascular Talent Thoracic Stent Graft System: the VALOR 
trial. J Vasc Surg 48:546-54. 

Fann JI, Sarris GE, Mitchell RS, et al. 1990. Treatment of patients with 
aortic dissection presenting with peripheral vascular complications. Ann 
Surg 212:705-13.

Fann JI, Smith JA, Miller DC, et al. 1995. Surgical management of aortic 
dissection during a 30-year period. Circulation 92:II113-21.

Gammie JS, Shah AS, Hattler BG, et al. 1998. Traumatic aortic rupture: 
diagnosis and management [see comment]. Ann Thorac Surg 66:1295-
300.

Glower DD, Fann JI, Speier RH, et al. 1990. Comparison of medical and 
surgical therapy for uncomplicated descending aortic dissection. Circula-
tion 82:IV39-46.

Hassoun HT, Matsumura JS. 2006. The COOK TX2 thoracic stent graft: 
preliminary experience and trial design. Semin Vasc Surg 19:32-9.

Hoornweg LL, Dinkelman MK, Goslings JC, et al. 2006. Endovascular 
management of traumatic ruptures of the thoracic aorta: a retrospective 
multicenter analysis of 28 cases in the Netherlands. J Vasc Surg 43:1096-
102; discussion 1102. 

Johansson G, Markström U, Swedenborg J. 1995. Ruptured thoracic 
aortic aneurysms: a study of incidence and mortality rates. J Vasc Surg 
21:985-8.

Kaufman JA, Song HK, Ham BB, Slater MS. 2007. Traumatic thoracic 
aortic transection in small-diameter aortas: percutaneous endograft 
repair. J Vasc Interv Radiol 18:1429-33. 

Lansman SL, Hagl C, Fink D, et al. 2002. Acute type B aortic dissection: 
surgical therapy. Ann Thorac Surg 74:S1833-5; discussion S1857-63.

Makaroun MS, Dillavou ED, Kee ST, et al. 2005. Endovascular treat-
ment of thoracic aortic aneurysms: results of the phase II multicenter 
trial of the GORE TAG thoracic endoprosthesis. J Vasc Surg 41:1-9. 

Moainie SL, Neschis DG, Gammie JS, et al. 2008. Endovascular stent-
ing for traumatic aortic injury: an emerging new standard of care. Ann 
Thorac Surg 85:1625-9; discussion 1629-30.

Orend KH, Kotsis T, Scharrer-Pamler R, et al. 2002. Endovascular repair 
of aortic rupture due to trauma and aneurysm. Eur J Vasc Endovasc Surg 
23:61-7.

Orford VP, Atkinson NR, Thomson K, et al. 2003. Blunt traumatic aortic 
transection: the endovascular experience. Ann Thorac Surg 75:106-11; 
discussion 111-2.

Safi HJ, Miller CC 3rd, Reardon MJ, et al. 1998. Operation for acute 
and chronic aortic dissection: recent outcome with regard to neurologic 
deficit and early death. Ann Thorac Surg 66:402-11.

Schor JS, Yerlioglu ME, Galla JD, Lansman SL, Ergin MA, Griepp RB. 
1996. Selective management of acute type B aortic dissection: long-term 
follow-up. Ann Thorac Surg 61:1339-41.

Szeto WY, McGarvey M, Pochettino A, et al. 2008. Results of a new sur-
gical paradigm: endovascular repair for acute complicated type B aortic 
dissection. Ann Thorac Surg 86:87-93; discussion 93-4.

Umana JP, Miller DC, Mitchell RS. 2002. What is the best treatment 
for patients with acute type B aortic dissections—medical, surgical, or 
endovascular stent-grafting? Ann Thorac Surg 74:S1840-3; discussion 
S1857-63.

von Oppell UO, Dunne TT, De Groot MK, Zilla P. 1994. Traumatic 
aortic rupture: twenty-year metaanalysis of mortality and risk of paraple-
gia. Ann Thorac Surg 58:585-93.

Wheatley GH 3rd, Gurbuz AT, Rodriguez-Lopez JA, et al. 2006. Mid-
term outcome in 158 consecutive Gore TAG thoracic endoprostheses: 
single center experience. Ann Thorac Surg 81:1570-7; discussion 1577.


