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Purpose:  Since its introduction more than a decade ago, thoracic endovascular aortic repair 
(TEVAR) has shown promising results for patients with various thoracic aortic diseases. The 
aim of the current review is to assess the current literature to evaluate the safety and efficacy 
of TEVAR.
Methods:  A thorough search of the existing literature on TEVAR was conducted on electronic 
databases, including Medline, Pubmed, EMBASE and Database of Abstracts of Review of 
Effectiveness. The most recent results were categorized according to the indications of perform-
ing TEVAR. 
Results:  A number of case-series studies and reviews have shown reduced early morbidity 
and mortality rates in a range of thoracic aortic diseases for TEVAR in comparison to open 
surgical repair. However, there is a lack of robust clinical data to suggest any improvement 
in long-term overall survival.
Conclusion:  Despite numerous encouraging results from a large number of publications in 
recent years, there remains a lack of level 1 evidence to support an improvement of long-term 
overall survival for patients who underwent TEVAR when compared with traditional treatment 
modalities. There appears to be an urgent need to conduct well-designed randomized-controlled 
trials in this rapidly expanding intervention. 
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Introduction

Despite recent improvements in cardiothoracic surgery, 
open surgical repair for thoracic aortic disease is still 
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associated with significant morbidity and mortality. In the 
current literature, the peri-operative mortality rate after open 
repair for aortic aneurysms is reported to be approxi-
mately 10%–20% and significant morbidity ranges from 
30%–50%.1, 2) It has been anticipated that the introduction 
of thoracic endovascular aortic repair (TEVAR) will 
improve the peri-procedural and long-term outcomes of 
thoracic aortic disease. In recent years, the indications 
involving the off-label use of TEVAR have expanded to 
include descending thoracic aortic aneurysms, dissections, 
penetrative aortic ulcers and traumatic aortic injuries. 
Despite encouraging results, there remains a lack of 
robust clinical data on long-term outcomes in this fast 
evolving technology. This review will focus on the current 
clinical outcomes of TEVAR in patients with thoracic 
aortic pathology. 
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Thoracic Aortic Aneurysm

Natural History
The linear relationship between the growth rate and 

the size of aortic aneurysms has been long recognized. 
For an aneurysm of 4 cm in diameter, the growth rate is 
approximately 0.1 cm per year, compared to an 8 cm 
aneurysm, which can have a growth rate of up to 0.2 cm 
per year.3) Davies et al. reported that patients with aneu-
rysms larger than 6cm had an annual risk of death, 
rupture, or dissection of 15.6%.4) Based on these historical 
data, the conservative criteria for surgical intervention were 
set at 5.5 cm for ascending and 6.5cm for descending 
aneurysms. The current evidence does not suggest that 
aneurysms of less than 5.5 cm in diameter benefit from 
surgical repair except in patients with connective tissue 
disease, strong family history or symptomatic disease.5) 

Gore TAG Thoracic Endograft
The Gore TAG device was the first commercially 

available stent-graft product to be tested in clinical trials, 
in the United States. Initial studies were halted in 
November 2001 after the discovery of longitudinal spine 
fractures in the stent. Since then, modifications have 
been made to the device, including the elimination of the 
longitudinal wire and incorporation of a new polytetra-
fluoroethylene material. Makaroun et al. conducted a 
prospective phase II study in 17 USA centres, of the Gore 
TAG endograft in 142 patients with descending thoracic 
aneurysms.6) Patients were excluded if they had aneurysmal 
rupture or dissection. The mean follow-up of this study was 
24 months and routine imaging was reported to be 
obtained at regular intervals. The authors of this study 
highlighted that 90% of patients included in their trial 
were American Society of Anaesthesiologist category III 
or IV. After excluding three patients who had unsuccessful 
deployment, the overall and aneurysm-related mortality 
rates at 2 years were reported to be 25% and 3%, respec-
tively. Overall, major complications occurred in 45 
patients (32%) within 30 days of surgery, with the most 
common complications being local vascular complica-
tions, cardiopulmonary events and bleeding. The 
operative mortality rate was 2%. During follow-up, 20 
fractures were identified in 19 patients over a 2-year 
period, with only one patient developing a clinical event 
and requiring treatment as a result of a type III endoleak. 

Bavaria et al. compared the results of the multi-institutional 
study with a nonrandomized group of patients (n = 94) who 
underwent open surgical repair from the same institu-

tions; patients who underwent TEVAR had a significant 
reduction in perioperative mortality (2.1 % vs 11.7%), 
respiratory failure (4% vs 20%), renal insufficiency (1% 
vs 13%), spinal cord ischemia (3% vs 14%), mean length of 
ICU stay (2.6 ± 14.6 vs 5.2 ± 7.2 days) and overall hospital 
stay (7.4 ± 17.7 vs 14.4 ± 12.8 days).7) However, after 2 
years follow-up, three patients from the TEVAR group 
required reintervention whilst none was required for 
patients in the open group, and there was no difference 
in overall mortality between the two groups.  In a more 
recent comparative study using the same cohort of 
patients at five years follow-up, aneurysm-related mortality 
was again found to be lower for TAG patients (2.8% vs 
11.7%); however, all-cause mortality was not significantly 
different (68% vs 67%) between the two groups.8) It 
should be noted that 26% of TAG patients and 33% of 
open surgery patients did not complete the 5-year follow-up, 
and autopsies were rarely performed.

Medtronic Talent Thoracic Stent Graft
Fattori et al. published data collected over an 8-year 

period, from 457 patients in seven European centres who 
underwent TEVAR with the Medtronic Talent device.9) 
Although a significant proportion of these patients pre-
sented with atherosclerotic (30%) or posttraumatic aneurysms 
(18%), it should be noted that the most common indica-
tion for TEVAR in this study was aortic dissection 
(39.4%). Amongst 422 patients who survived the interven-
tional procedure, mortality during follow-up was 8.5%. 
However, the follow-up period was variable (24 ± 19.4 
months, range 1-85.1 months) and imaging follow-up was 
available for less than 21% of patients after 3 years. Of 
the deceased patients, 11 deaths (2.6%) were directly 
related to their aortic disease. Of these, seven patients had 
persistent endoleaks with aortic rupture. Overall survival 
at 1-, 3- and 5-years were 91%, 85% and 77%, respectively. 
Furthermore, freedom from a second procedure was 
reported to be 92%, 81% and 70% over the same intervals. 
Technical failure, including failure to complete stent-graft 
deployment, was reported in 10 patients. Three patients 
required an immediate conversion to open repair. In-hospital 
complications occurred in 12.7% of patients, with stroke, 
local vascular complications and paraplegia being the 
most common. The authors of this study concluded that the 
endovascular treatment for thoracic aortic disease with the 
Talent stent was associated with low early morbidity and 
mortality rates, as well as adequate durability as indicated 
by a high freedom interval from secondary intervention. 
However, they acknowledged that their retrospective 
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study was limited by variable inclusion criteria and the 
absence of autopsy reports could have underestimated 
aortic rupture as a possible cause of death.

Zenith TX2 Endovascular Graft
Matsumura et al. reported an international nonran-

domized controlled clinical trial of TEVAR using the 
Zenith TX2 endovascular graft (n = 130) versus open 
surgery (n = 70) for patients with descending thoracic 
aortic aneurysms and large ulcers.10) In both groups, 
aneurysms accounted for the majority of presentations 
(86% and 90%, respectively). Forty-one percent of 
patients from the TEVAR group were classified as ASA 
category III or higher. Results of this study found the 
30-day survival to be noninferior for the TEVAR group 
(98.1% vs 94.3%, p <0.01). In addition, the severe morbidity 
composite index (0.2 ± 0.7 vs 0.7 ± 1.2) and the cumulative 
major morbidity scores (1.3 ± 3.0 vs 2.9 ± 3.6) at 30 days 
were both significantly lower in the TEVAR group. How-
ever, at 1-year follow-up, overall mortality (8.4% vs 
14.5%) and aneurysm-related mortality (5.8% vs 11.8%) 
between the two groups were not significantly different. 
In addition, at 1-year follow-up after TEVAR, patients 
were found to have progressive aneurysmal growth in 7.1%, 
endoleak in 3.9%, and migration in 2.8%. Reintervention 
rate was reported to be similar between the two groups 
(4.4% vs 5.7%). The authors concluded that TEVAR with 
the TX2 device is a safe and effective alternative to open 
surgical repair for the treatment of anatomically suitable 
descending aortic aneurysms and ulcers.

Ruptured Descending Thoracic Aneurysms
Differences in aneurysmal pathology at the time of 

presentation may account for some variations in procedural 
outcomes between different institutions after TEVAR. 
For patients who present with ruptured descending tho-
racic aneurysms, the most comprehensive data have been 
collated by Jonker et al.11), who recently published a meta-
analysis comparing open versus endovascular techniques 
for this subgroup of patients. Extracting data from 24 
studies involving 143 patients treated by TEVAR and 81 
patients with open surgery, the authors found a signifi-
cantly lower 30-day mortality rate in the TEVAR group 
(OR, 2.15; p = 0.016). However, long-term follow up 
revealed 5 aneurysm-related deaths in the TEVAR group 
after 30-days, whilst no patients died of aneurysm-related 
causes in the open group after the same period. This 
comparison was limited in that 83% of patients in the 
open surgery group was lost during follow-up. 

Thoracic Aortic Dissection 

Thoracic aortic dissection originates from an intimal 
tear that creates a false channel in the aortic media. 
Blood within the false channel can propagate in either an 
antegrade or a retrograde fashion. The Stanford system 
(type A versus type B) or the De Bakey system (type 1, 2 
and 3) is used to categorize the aortic dissection, according 
to the extent of disease.12) Stanford type A dissection 
involves the ascending thoracic aorta, which can cause 
malperfusion to the brain, obliteration of the coronary 
arterial flow or cardiac tamponade. Both type A and 
type B diseases can cause malperfusion of the spinal 
cord, bowel, liver, kidneys and the lower limbs.13)

Type A Aortic Dissection
Currently, open surgical intervention remains to be the 

standard procedure for managing type A dissections.12) 
Results from the International Registry of Acute Aortic 
Dissection (IRAD) study reported that the in-hospital 
mortality rate for surgical intervention in this group of 
patients was 26%, compared to 58% in patients who were 
treated by medical therapy. However, selection bias was 
likely to be present as patients with worse baseline fea-
tures were excluded from surgical intervention.14) The 
clinical experience of using TEVAR in type A aortic dis-
section is limited to a few case reports, and it has been 
mainly used on a compassion basis. 

Type B Aortic Dissection 
Thoracic type B dissection does not involve the 

ascending aortic segment of the thoracic aorta. Manage-
ment of type B disease can be categorized into type B 
dissection without complications and type B dissection 
with complications, but most studies include a combina-
tion of both. The current clinical evidence for utilizing 
TEVAR for type B dissection originates from an initial 
report by Dake and colleagues in 1999.15) This study 
examined 19 patients who underwent TEVAR for type A 
(n = 4) or type B (n = 15) dissection. The authors reported 
a 100% technical success rate for stent placement, with 
complete thrombosis at the thoracic aortic false lumen 
being achieved in 79% of patients and partial thrombosis in 
the remaining 21%. The 30-day mortality rate was 16%, 
with no deaths or incidence of aneurysm rupture during 
the subsequent follow-up period of 13 months. These 
encouraging results were followed by a number of larger 
retrospective case-series and comparative studies.16, 17)
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Type B Aortic Dissection with Complications 
In a recent systematic review, Parker and Golledge 

reported the findings of multiple centres over 10 years, of 
942 patients who underwent TEVAR for acute type B 
dissection with complications.18) Only centres with 10 or 
more patients were including in the study, which may 
have resulted in selection bias. From these selected 
reports, procedural success was achieved in 95% of all 
cases, with emergency conversion being required in only 
0.6% of patients. Overall in-hospital mortality was 9.1%, 
with an early complication rate of 8.1%. After an average 
follow-up of 20 months, re-intervention was required in 
10.4% of patients, with aortic rupture in 0.8% of the 
cases. Average overall survival was 88% at 20 months. 
The authors of this review believe TEVAR offers favour-
able short-term outcomes and is a feasible, alternative 
treatment option for acute type B dissections, especially 
in experienced centres. This reiterates previous findings 
by Eggebrecht et al., who found that centres who had 
treated more than 20 patients have a significantly higher 
procedural success rate, lower overall and neurological 
complications and a lower 30-day mortality rate than 
centres that had treated less than 20 patients.19)

Type B Aortic Dissection without Complications
In acute type B dissection without complications, anti-

impulsive medical therapy is traditionally used to obtain 
strict blood pressure control and to minimize the risk for 
further complications such as rupture, malperfusion and 
hemodynamic instability.5, 14) Since uncomplicated type B 
disease is more benign than type A and complicated type 
B diseases, conservative medical management of uncom-
plicated type B dissection constitutes a benchmark that 
endovascular treatment is currently unable to match.5)

To demonstrate the efficacy of TEVAR in patients 
with uncomplicated type B aortic dissections, Nienaber 
and colleagues published the first randomized-controlled 
trial in 2009.20) A total of 140 patients with stable type B 
dissections were selected and randomly assigned into an 
elective TEVAR plus medical therapy group (n = 72) or a 
medical therapy alone group (n = 68). The device used in 
this study was the TALENT stent graft (Medtronic, Inc, 
Santa Rosa) and the authors acknowledged sponsorship 
and external monitoring from the Medtronic Bakken 
Research Institute. The primary end point of the study 
was survival at 2 years, with secondary end points examin-
ing aorta-related death, progressive aortic pathology, and 
morphological evidence of aortic remodelling. In the 
TEVAR group, the procedural success rate was reported 

as 95.7%, with no intraoperative deaths or conversions to 
open surgery. The 30-day mortality rate of this group 
was 2.8%. At the end of the trial, results of this study 
found no significant difference in overall survival at 2 
years for patients who had optimal medical therapy com-
pared to TEVAR and medical therapy (95.6 ± 2.5% vs 
88.9 ± 3.7%, p = 0.15). In regards to aortic remodelling, 
morphological evaluation found significantly more true-
lumen expansion, false-lumen shrinkage and false-lumen 
thrombosis in the thoracic aorta for patients who had 
TEVAR. Ultimately, the authors of this study concluded 
that the trial was underpowered. However, they proposed 
that deferred endovascular therapy is feasible and safe for 
patients who fail to respond to medical management. 
From the available data, it was difficult to see the direct 
translation of improved aortic remodelling to improved 
long term survival. In addition, modern optimal medical 
treatment provided better than expected outcomes and 
the results of this study verified that not all patients with 
uncomplicated type B dissections are indicated for endo-
vascular intervention as a first-line treatment. 

Penetrating Aortic Ulcer

Although the incidences of penetrating aortic ulcer 
(PAU) and intramural haematoma (IMH) have increased 
in recent years from improved high resolution imaging, 
their natural history and pathophysiology remain largely 
unknown.21, 22) The PAU was originally described as ‘an 
atherosclerotic lesion with ulceration that penetrates the 
internal elastic lamina’, not unlike a peptic ulcer on 
imaging.23) In comparison, IMH is a bleeding within the 
walls of the aorta without an intimal tear, presumably as 
a result of rupture from the vaso vasora.22) Despite being 
categorized as two separate classes in the Svensson sys-
tem,12) these two entities both belong to the ‘acute aortic 
syndrome’ and both can progress to aortic dissection or 
rupture. Similar to aortic dissection, the threshold to con-
sider TEVAR in patients with IMH has been lowered for 
for those with disease in the ascending aorta or in those 
who are symptomatic despite medical treatment.22) Egge-
brecht et al. comprehensively reviewed the current literature 
on PAU, and analysed the data of 209 of these patients 
who underwent TEVAR.21) Technical failure was reported 
to be 2%, with complete sealing of PAU achieved in 96% 
of patients. The overall in-hospital mortality was 7%, 
with an additional 2% aorta-related mortality rate during 
the mean follow-up period of 14.3 months. Although 
there is no agreed first-line treatment for incidental PAU, 
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the authors of this study concluded that TEVAR should 
be indicated in symptomatic patients complicated by 
pseudoaneurysm formation or rupture. 

Traumatic Aortic Injury

Traumatic aortic injuries (TAI) have long been recog-
nized as having a dismal prognosis, with a mortality rate 
of more than 90%.24) In recent years, a number of case-
series reports have demonstrated encouraging results in 
the short- and medium-term follow-up periods for 
patients who underwent TEVAR after TAI.25, 26) A recent 
meta-analysis of data from 17 studies published between 
2003 and 2007 identified 369 patients who underwent 
open repair and 220 who underwent TEVAR for trau-
matic descending thoracic aortic rupture.27) All studies 
were non-randomized retrospective cohort studies, and 
there was limited data on baseline characteristics of the 
two groups. From the available data, the injury severity 
score was reported to be significantly higher in patients 
who underwent TEVAR than open repair. Despite this, 
procedure-related and 30-day overall mortality rates 
were both significantly lower in the TEVAR group than 
in the open repair group. In addition, of the studies that 
reported on postoperative paraplegia.27) overall complica-
tion rates were significantly lower for patients who 
underwent endoluminal repair. A number of challenges 
identified by previous reports on TEVAR for patients 
with TAI relate to their younger age group. Specifically, 
collapse of the stent graft due to the acute angle of the 
arch and limited size of the femoral arteries causing inju-
ries at the access site has been described.25, 27) More 
recently, Jonker et al. conducted a large retrospective 
analysis using data from the New York Statewide Plan-
ning and Research Cooperative System.28) In this 
database, 328 patients were found to have undergone 
open surgery (79.6%) or TEVAR (20.4%) for traumatic 
thoracic aortic injury between 2000 and 2007. Although 
there were more major injuries for patients in the 
TEVAR group, the authors reported a significantly lower 
mortality rate (6.0% vs 16.9%, p = 0.024) and fewer pul-
monary complications (23.9% vs 37.9%) when compared to 
the open surgery group. Despite these positive findings, this 
study also highlighted several device-related complications, 
such as endoleak and distal embolization, which were each 
identified in 9% of patients who underwent TEVAR. 

Summary

Since the landmark report by Dake et al. in 1999, there has 
been a heightened interest in the application of thoracic 
endovascular aortic repair for a range of aortic diseases, 
including descending thoracic dissections, aneurysms, 
penetrating aortic ulcers, intramural haemorrhages, and 
traumatic aortic injuries. Despite a large number of retro-
spective studies demonstrating encouraging short-term 
results in both mortality and morbidity outcomes, there is 
currently no level 1a or 1b evidence to suggest significantly 
improved long-term overall survival in any of these con-
ditions. In addition, the follow-up for most studies has 
been relatively short, with the majority of studies reporting 
less than 2 years of follow-up. Recognized peri-procedural 
complications of TEVAR include cardiopulmonary events, 
cerebrovascular accidents, local vascular injury and para-
plegia. Longer-term complications include persistent 
endoleak and the need for endovascular reintervention or 
conversion to open operation. In view of the increasing 
utilization of this relatively novel technology, there is an 
urgent need to conduct further studies to examine the 
long-term safety and efficacy of TEVAR, ideally in the form 
of well-designed randomized-controlled trials compared 
with open surgery and conservative medical management. 
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