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  Perspective

Descending aortic dissection is a lifelong dis-
ease with a high morbidity and mortality. 
Current management is based on presenta-
tion. In the acute setting, the initial approach 
is medical therapy to reduce the aortic impulse 
(D pressure/D time) with intravenous antihy-
pertensive medications. Intervention is recom-
mended when complications, such as rupture 
and end-organ malperfusion, are present. In the 
chronic state, dissections are managed medically 
with close imaging surveillance until complica-
tions, such as aneurysmal degeneration, warrant 
surgical intervention [1,2].

Thoracic endovascular aortic repair (TEVAR) 
has emerged as a suitable, low-risk and less 
invasive alternative to surgery for treatment of 
degenerative aortic aneurysms. The devices used 
are the same as those indicated for degenerative 
aneurysms. The delivery and deployment is usu-
ally performed from a transfemoral approach 
under f luoroscopic guidance. The primary 
objective is to cover the proximal entry tear and 
expand the dissected true lumen. This usually 
requires positioning of the device in the distal 
aortic arch, with or without left subclavian artery 
coverage (Figure 1).

The indications and understanding of the out-
comes for endovascular therapy for aortic dis-
section are still evolving [3–5]. Each treatment 
modality for aortic dissection (i.e., medical, sur-
gical and endovascular) offers unique advantages, 
and they should be considered complementary 
to, instead of competitive with, one another.

In this article, we focus on the current role 
of TEVAR in treating distal aortic dissection 
in its current state and discuss its potential role 
in the future. This is presented in terms of the 
timing (acute vs chronic) and presentation (com-
plicated vs uncomplicated) of the disease since 
these characteristics are the most important 
determinants of therapy.

Acute descending thoracic aortic 
dissection

�� Complicated acute dissection
Acute complicated descending thoracic aortic 
dissection is associated with high mortality 
(20–50%) if left untreated, especially in the sub-
set of patients presenting with rupture or organ 
ischemia [3,6,7]. By contrast, mortality is typically 
less than 10% when the presentation is uncom-
plicated [6]. Prompt intervention is the treat-
ment of choice in all patients presenting with 
acute complicated type B dissection. Options 
include open surgical graft replacement, endo-
vascular stent grafting, open or endovascular 
fenestration, or extra-anatomic bypass [8].

Although excellent results have been reported 
for a highly selected population treated with 
open surgical repair, this experience has not 
been the norm [9]. Even large-volume highly 
experienced centers reported operative mortality 
of 22.4%, paraplegia of 6.6%, respiratory fail-
ure requiring tracheostomy of 13.6% and renal 
failure of 19.7% [10]. Open repair mortality was 
29.3% in a similar study from the International 

Optimal therapy for descending aortic dissection is still a matter of controversy. Current recommendations 
are to treat uncomplicated dissections medically while preserving surgical interventions for complicated 
dissections. Thoracic endovascular aortic repair (TEVAR) has more recently been added to the armamentarium 
of treatment options for descending aortic dissection with the advantages of being a less invasive and 
potentially lower risk procedure. Several studies have compared TEVAR with other treatment modalities 
for acute and chronic indications; few of these are randomized studies. There is proven efficacy of TEVAR 
for acute complicated dissection, while experience with this treatment is growing for patients with chronic 
and uncomplicated dissection. This article will address the current role of TEVAR in treating descending 
thoracic dissection and provide a perspective on its future use.

Keywords: acute dissection n aortic dissection n chronic dissection n complicated 
dissection n descending aorta n endovascular n surgery n thoracic aorta n thoracic 
endovascular aortic repair n uncomplicated dissection

Amr Arafat1, 
Jahanzaib Idrees1 
& Eric E Roselli*1

1Department of Thoracic 
& Cardiovascular Surgery, Cleveland 
Clinic, 9500 Euclid Avenue, Desk J4-1, 
Cleveland, OH 44195-5108, USA	
*Author for correspondence:  
Tel.: +1 216 444 0995 
Fax: +1 216 636 1393 
roselle@ccf.org

Should endovascular therapy be 
recommended for descending 
thoracic aortic dissections?



628 future science group

Perspective   Arafat, Idrees & Roselli

Interv. Cardiol. (2013) 5(6)

Registry of Aortic Dissection. Age greater than 
70 years and presence of preoperative shock or 
hypotension have been found to be independent 
predictors of surgical mortality [11].

Less than ideal outcomes with open repair 
for acute distal dissections inspired the use of 
TEVAR for this indication. The effectiveness 
of emergency TEVAR in acute aortic dissection 
complicated by rupture or malperfusion has 
been evaluated in several nonrandomized studies 
(Table 1). In a series of 35 patients, which included 
18 ruptures and 17 patients with malperfusion, 
technical success was achieved in 97%. Opera-
tive mortality was 2.8% and 1-year survival was 
93.4% [12]. In another study, 85 patients with 
acute complicated dissection were included; 
31.8% presented with rupture and 71.8% 
with malperfusion. Early major complications 
occurred in 37.6% of patients, including mortal-
ity (10.6%), stroke (9.4%), renal failure (9.4%) 
and paralysis (9.4%). In a subgroup analysis, 
patients with rupture had higher early and late 
adverse events than patients with malperfusion 
[13]. In another study of 59 patients with high-
risk complicated acute dissection (79% had 
either rupture or malperfusion syndromes at pre-
sentation), stent grafts were successfully deployed 
in all patients. Combined 30-day mortality and 
paraplegia rate was 13.6% and stroke rate was 
15%. Endovascular reintervention was required 

in 10% of patients and 5% required conversion 
to open surgery. Survival at 1 year was 66%. Age 
at treatment and chronic obstructive pulmonary 
disease were predictive of death at 1 year [14].

Meta-analyses have been published in the last 
several years. The first of these studies included 
609 patients. Technical success was 98%, major 
complications occurred in 11%, neurological 
complications in 2.6% and hospital mortality 
rate was 9.8% [15]. Another meta-analysis of 
29 studies comprised 942 patients with reported 
operative mortality of 9%. Other complica-
tions included stroke (3.1%), retrograde type A 
dissection (2%), paraplegia (1.9%) and renal 
failure (2.1%). Estimated survival at a mean of 
20 months was 88% and rupture was reported in 
only 0.8%. However, the reintervention rate was 
7.6%, and this was managed surgically in 2.8% of 
patients [16]. In a third meta-analysis of 39 studies 
comprised of 1304 Chinese patients, the techni-
cal success was 99.2%. The 30-day mortality was 
2.6%, survival at 5 years was 95.2% and 0.6% 
suffered neurologic complications [17]. These 
studies included mixed populations of patients 
but the results are similar.

No randomized trials have been performed 
directly comparing TEVAR with open repair in 
acute complicated dissection, but several nonran-
domized head-to-head comparisons have been 
published. In a report from the International 
Registry of Aortic Dissection comparing differ-
ent treatment modalities for acute complicated 
dissection, mortality after surgical repair was 
33.9 versus 10.6% in those treated with TEVAR. 
After multivariable adjustment, surgical repair 
was found to be an independent risk factor 
of in-hospital mortality [18]. In another study 
comparing outcomes after TEVAR, surgery or 
medical therapy, hospital mortality was 4, 40 or 
33%, respectively. Estimated survival at 1, 3 and 
5 years after TEVAR was 82, 79 and 79% versus 
58, 52 and 44% for the open repair and medical 
therapy groups, respectively [19].

In a meta-analysis comparing outcomes after 
TEVAR or open repair in acute complicated 
descending aortic dissection, 1951 patients were 
included from 76 studies. Early mortality and 
paraplegia were significantly reduced in patients 
who underwent TEVAR. Aortic-related com-
plications were also reduced after TEVAR com-
pared with open repair. There were no differ-
ences in late mortality, reintervention, renal dys-
function and stroke [20]. Another meta-analysis 
of five studies comparing TEVAR and open 
repair for the treatment of acute type B aortic 
dissection showed improved 30-day mortality in 

Figure 1. Postoperative volume rendered 
CT scan image demonstrating thoracic 
endovascular aortic repair for descending 
aortic dissection with coverage of the left 
subclavian artery and extension to the 
level of the diaphragm. Notice the persistent 
dissection in the abdominal aorta.
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the TEVAR group, but there was no difference 
in complications or long-term outcome [21].

The use of thoracic stent grafts has supplanted 
open surgical repair for acute distal aortic dissec-
tions complicated by rupture or malperfusion. 
Superior outcomes with regard to operative 
mortality have been reproducibly demonstrated 
and eliminate the equipoise necessary for a 
randomized trial.

The disease process is quite variable, however, 
and the endovascular approach is not applicable 
to all morphologies and anatomy. In patients 
presenting with rupture, it is critical that the 
primary intimal entry tear is covered in order 
to eliminate direct flow into, and reduce pres-
surization of, the false lumen. This often requires 
coverage of the left subclavian artery and a more 
distal extension to the level of the diaphragm to 
address all the intimal tears in the thoracic aorta.

For patients who present with malperfusion, 
the objective is to optimize the true lumen flow 
through the thoracic aorta and into the affected 
branch vessels. This is usually achieved by cover-
ing the primary intimal entry tear and stenting 
open compressed portions of the true lumen with 
the use of a single stent graft device. The length 
of coverage needed is patient specific and guided 
by intraoperative imaging (angiography and/or 
intravascular ultrasonography), but is often less 
than is required for a patient presenting with 
rupture.

Occasionally, additional endovascular proce-
dures, such as branch vessel stenting (in case of 
static vessel occlusion) or fenestrating the dissec-
tion flap (to decompress the false lumen), may 
be necessary [22]. In an even smaller subset of 
patients with arch extension where purely endo-
vascular stent grafting is not feasible, a hybrid 
approach involving sternotomy and direct ante-
grade stent graft delivery represents another safe 
alternative to classic open repair (Figure 2) [23–25].

�� Uncomplicated acute dissection
Medical treatment is the current therapy for 
uncomplicated acute dissection [2,3]. Early results 
of medical treatment in acute type B dissection 
are encouraging, but there is a high incidence 
of long-term complications resulting from pro-
gressive aneurysmal degeneration during the 
chronic phase. An International Registry of 
Aortic Dissection study reported a 60% inci-
dence of progressive aortic dilatation in patients 
treated medically after acute type B dissection. A 
total of 20% developed fatal aortic rupture after 
surviving the acute phase [26]. In another study, 
the actuarial survival at 1, 5, 10 and 15 years 
was 85, 71, 38 and 20% for the medically 
treated patients, respectively, and aortic-related 
mortality accounted for 34% of the deaths [7].

Prophylactic use of TEVAR to treat acute 
uncomplicated dissection is controversial but 
slowly gaining traction. The potential benefit of 

Table 1. Summary of the results of thoracic endovascular aneurysm repair in acute distal aortic dissection.

Study, study 
type (year)

Patients 
(n)

Inclusion Technical 
success 
(%)

Hospital 
mortality 
(%)

Survival (%) Complications Ref.

Eggebrecht et al., 
meta-analysis 
(2006) 

248 All complications 93 9.8 89.9 at 1 year 
88.8 at 2 years

Stroke (1.9%), paralysis 
(0.8%), retrograde dissection 
(1.8%) and access 
complication (3.8%)

[15]

Parker and 
Golledge, 
meta-analysis 
(2008)

942 All complications  – 9.0 88.0 at 20 months Stroke (3.1%), retrograde 
dissection (2%), paraplegia 
(1.9%), renal failure (2.1%) 
and reintervention (10%)

[16]

Szeto et al., 
single center 
(2008)

35 Rupture and 
malperfusion only

97 2.8 93.4 at 1 year Renal failure (2.8%), stroke 
(2.8%), permanent spinal 
cord ischemia (2.8%) and 
access complication (14.2%)

[12]

Cambria et al., 
single center 
(2009)

59 Rupture and 
malperfusion only

100 11.9 66.0 at 1 year Paraplegia (1.7%), 
reintervention (10%), 
conversion to open repair 
(5%), endoleak (29%) and 
stroke (15%)

[14]

White et al., 
single center 
(2011)

85 Rupture and 
malperfusion only

– 10.6 71.6 at 1 year Pulmonary (36.5%), vascular 
(28.2%), stroke (9.4%), 
renal failure (9.4%) and 
paralysis (9.4%)

[13]
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early TEVAR in these patients includes a better 
chance of achieving aortic remodeling than when 
intervention is deferred. In a retrospective study 
comparing the use of TEVAR in acute compli-
cated and uncomplicated dissection, there was 
no perioperative mortality in the uncomplicated 
group, with false lumen obliteration occurring in 
12 out of 14 patients [27]. Currently, there are no 
published trials evaluating the role of TEVAR 
versus medical therapy in acute uncomplicated 
dissection.

The groundbreaking INSTEAD trial is often 
misrepresented as such a trial, but all of these 
patients were studied during the period ranging 
from 2 to 52 weeks after the acute event [28]. By 
standard definition, that makes this a study of 
patients with chronic dissection. More details 
regarding the latest findings of the INSTEAD 
trial are included in the section ‘Chronic 
descending thoracic aortic dissection’.

The encouraging results of TEVAR in acute 
complicated descending aortic dissection and 
lack of level I evidence for the usefulness of 
TEVAR in acute uncomplicated dissections 

necessitated the design of a randomized trial. 
The ADSORB trial is the first randomized 
trial comparing TEVAR and medical therapy 
in acute uncomplicated aortic dissection. Aor-
tic remodeling, reintervention and aneurysmal 
degeneration will be compared in 61 patients 
during a 36-month follow-up period [29]. The 
results from this study shall be published soon. 
Furthermore, the STABLE trial is ongoing and 
evaluates the use of a novel strategy for aortic dis-
section repair by adding a long uncovered stent 
to the proximal conventional stent graft repair 
and extending the uncovered segment across the 
visceral segment of the aorta [30].

�� Uncomplicated but high-risk acute 
dissection
Although many centers are now pre-emptively 
treating all patients with uncomplicated acute 
distal dissections, there are currently no defini-
tive data to support this practice. A subset of 
patients with uncomplicated dissection is at 
higher risk of developing complications, such as 
impending rupture, rapid dilatation or malperfu-
sion [2,3,6,8]. These patients are classified as acute 
uncomplicated but high risk. Since TEVAR can 
be performed safely, it has been postulated that 
high-risk patients with uncomplicated acute aor-
tic dissection may benefit from early intervention. 
Several studies have shown that aortic diameter 
[26,31,32], false lumen morphology [33,34], site and 
number of entry tears [35–37], and morphology 
of the descending aorta can predict prognosis 
[8,31]. Based on these risk factors, a method for 
subclassification of uncomplicated distal dissec-
tion into low- and high-risk groups has been pro-
posed [38]. Further studies are required to better 
define the high-risk criteria and clarify the best 
treatment option for these patients. Table 2 sum-
marizes several candidate features that may help 
to categorize patients into this uncomplicated 
but high-risk acute dissection group.

Chronic descending thoracic aortic 
dissection

�� Complicated chronic dissection
In most patients, chronic dissection is managed 
medically after the initial recovery. A subset will 
develop complications due to disease progres-
sion, manifesting as aneurysmal degeneration, 
rupture or end-organ malperfusion [2,3,39]. One 
study reported a 60% incidence of progressive 
aortic dilatation, and a risk of rupture as high as 
20% at a mean (± standard deviation) follow-up 
of 44.6 ± 25.4 months [26]. These patients are 
categorized as complicated chronic descending 

Figure 2. A simplified frozen elephant 
trunk hybrid repair strategy for aortic 
dissection when the dissection extends 
further retrograde into the aortic arch. This 
operation is carried out through a sternotomy 
with antegrade delivery of the stent graft under 
deep hypothermic circulatory arrest.  
Reprinted with permission from [23].



www.futuremedicine.com 631future science group

Endovascular therapy for descending thoracic aortic dissections   Perspective

thoracic dissection, and most should be man-
aged surgically or with interventional therapy 
[2,3]. The goal of any of the treatment modalities 
is to prevent late aorta-related deaths.

An early series of open repair for distal aortic 
dissection reported high mortality and morbid-
ity, but subsequent studies showed better results 
attributable to improvement in care. Svensson 
et  al. analyzed Crawford’s experience with 
aortic dissection and reported an overall hos-
pital mortality of 7.4% with improving results 
over time. In total, 56% of patients underwent 
repairs of the descending or thoracoabdominal 
aorta, and operative mortality in those patients 
improved over time from 13 to 5%. Survival at 
1 and 3 years was 84 and 71%, respectively, but 
the late follow-up was limited. Despite improve-
ment in operative mortality, open repair is com-
plex and carries a significant risk for morbidity 
(Figure 3). Neurologic dysfunction remained in 
14% of patients at hospital discharge and 14% 
had renal failure. With a limited resection strat-
egy of repair, it is not surprising that 28% of 
patients required additional aortic surgery in late 
follow-up [40].

As the experience with TEVAR has grown, 
its use has been expanded to patients with 
complicated chronic dissections, although the 
devices are not approved for that indication. 
This is mostly due to the lower acute risk of the 

endovascular procedure compared with open 
repair [41]. Currently, the use of TEVAR in 
patients with chronic dissections is controver-
sial since there has not been a fair comparison to 
surgical repair [2,3,42]. The nature of the disease 
in its chronic state is varied and so the popula-
tion is heterogeneous, making a fair comparison 
difficult to perform. In the meantime, data are 
accruing from many large centers (Table 3).

Figure 3. Intraoperative photograph of 
open thoracoabdominal aortic repair with 
separate reimplantation of the left 
subclavian, celiac, superior mesenteric and 
bilateral renal arteries. The view is from the 
left side of the table with the patient in a left 
lateral decubitus position. The patient’s head is 
to the right of the image.

Table 2. High-risk features for complications in acute uncomplicated descending 
aortic dissection patients.

Study (year) Patients (n) High-risk features Ref.

Patient characteristics

Jonker et al. (2012)
Onitsuka et al. (2004)
Tefera et al. (2007)

191
76
83

Uncontrolled blood pressure [32]
[70]
[71]

Song et al. (2007) 100 Marfan’s syndrome [72]

Aortic morphology & false lumen

Miyahara et al. (2011)
Akira et al. (2007)
Jonker et al. (2012)

160
141
191

Initial aortic diameter >4 cm [26]
[31]
[32]

Song et al. (2007) 100 Initial false lumen diameter ≥22 mm [72]

Chang et al. (2008) 55 Maximum false lumen surface area ≥922 mm2 [33]

Akira et al. (2007)
Karmonik et al. (2011)
Bernard et al. (2001)

141
Experimental†

29

Persistent false lumen perfusion or incomplete 
false lumen thrombosis

[31]
[37]
[73]

Akira et al. (2007) 141 Fusiform index of the proximal aorta ≥0.64 [31]

Loewe et al. (2012)
Dziodzio et al. (2011)

65
Experimental†

Entry tear in concave aortic segment [35]
[36]

Tsai et al. (2008) Experimental† Entry tear size >30 mm [69]

Karmonik et al. (2011) Experimental† Absence of distal entry tear [37]

Chang et al. (2008) 55 Greater than two branch vessels involved in 
dissection

[33]

†Experimental refers to research on animals or laboratory models. 
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In a more recent study of our experience at 
the Cleveland Clinic (OH, USA), we evalu-
ated the results of open repair in 169 patients 
with descending aortic dissection who were also 
deemed to be anatomically suitable for TEVAR. 
Operative mortality was 8% and neurological 
complications occurred in 2.4%. Many of these 
patients had undergone previous ascending, arch 
and first-stage elephant reconstruction. Survival 
at 1, 2 and 3 years was 82, 78 and 75%, respec-
tively, and 14% required reintervention [43]. In 
a concurrent study, we published our outcomes 
after TEVAR in patients with complicated 
chronic type B dissection [44]. Open surgical 
patients were younger compared with those 
treated with TEVAR, but were also more likely 
to have extensive dissection extending through 
the abdominal aorta, while the TEVAR series 
included many patients with the dissection lim-
ited to the thoracic aorta. Operative mortality 
in our TEVAR patients was 5% and survival at 
1, 2 and 3 years was 86, 82 and 80%, respec-
tively, but the rate of reintervention was 22% 
[44]. In both studies, the freedom from adverse 
events (i.e., death or vascular reoperation) was 
approximately 55% at 5 years. Patients in whom 
the dissection was limited to the thoracic aorta 
and underwent TEVAR had the best results, 
with greater than 80% experiencing false lumen 
thrombosis and complete aortic remodeling. 
In the patients with more extensive dissection 
undergoing TEVAR, only 13% had complete 
remodeling. A predictor of late adverse events in 
both studies was a larger distal aortic diameter at 
the time of treatment, suggesting that patients 
may benefit from earlier intervention.

Two studies have directly compared open 
repair to TEVAR for chronic dissection using 
propensity scoring [45,46]. Mortality following 
open repair was higher in emergency cases but 
not significantly different than TEVAR in elec-
tive cases. Open repair was associated with a 
higher risk for complications and longer length 
of hospital stay than TEVAR. Another inter
esting finding was that centers that performed 
30  or more TEVAR cases annually had bet-
ter survival for emergency cases [46]. A meta-
analysis of 17 studies evaluating outcomes after 
TEVAR for chronic distal dissection including 
567 patients showed an overall technical success 
of 89.9% (ten studies had 100% success). Mor-
tality was 3.7% with survival ranging from 60 
to 100% at 2 years. Reintervention rates ranged 
from 0 to 60% and type I endoleaks occurred 
in 8%. Overall, 8% of patients developed aneu-
rysms of the distal aorta and 15% demonstrated 
continued false lumen perfusion with subsequent 
aneurysmal dilatation [47].

Chronicity poses additional challenges in 
patients undergoing TEVAR as they are less 
likely to have thromboexclusion and remodel-
ing of the treated segment compared with those 
undergoing early treatment. In the chronic state, 
multiple entry tears have matured and the dis-
section flap has thickened. Several studies have 
demonstrated that relative immobility of the sep-
tum lowers the likelihood of false lumen throm-
bosis and undermines success with TEVAR 
compared with acute dissection [48–51].

Morphological changes in the dissected aorta 
after medical therapy or TEVAR have been 
studied both in the acute and chronic setting. 

Table 3. Summary of the results of thoracic endovascular aneurysm repair in chronic distal aortic dissection.

Study (year) Patients 
(n)

Inclusion Hospital 
mortality 
(%)

Survival (%) Complications Ref.

Sayer et al. 
(2008)

40 Complicated 
only

7.5 80.0 at 1 year Retrograde dissection (2.5%) and 
rupture (5%)

[39]

Nienaber et al. 
(2005)

72 Uncomplicated 
randomized vs 
medical only

2.8 88.9 at 2 years Retrograde dissection (1.5%), paraplegia 
(2.9%), stroke (1.5%) and rupture iliac 
vessels (1.5%)

[28]

Kang et al. 
(2011)

76 Complicated 
only

5.0 86.0 at 1 year
82.0 at 2 years

Reintervention (22%), retrograde dissection 
(3.9%), respiratory failure (9.2%) and 
stroke (1.3%)

[44]

Thrumurthy 
et al. (2011)

567 Complicated 
only

3.7 60.0–100.0 at 
2 years

Reintervention (0–60%), endoleak (8%), 
aneurysm degeneration (5%), retrograde 
dissection (0.67%), aorto-esophageal 
fistula (0.22%), paraplegia (0.45%) and 
stroke (1.5%)

[47]

Andacheh 
et al. (2012)

73 Complicated 
only

14.0 81.0 at 1 year Reintervention (15%), endoleak (9.5%), 
retrograde dissection (5.4%), paraplegia 
(1%) and stroke (1%)

[53]
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Blount and Hagspiel reported that medical 
treatment of descending dissection was associ-
ated with progressive increase in maximal aortic 
and false lumen diameter, and this negatively 
affected the long-term results of the medically 
treated patients [52]. However, whether or not 
false lumen thrombosis after TEVAR is a true 
marker for treatment success is unclear. In the 
publication of the initial INSTEAD trial, more 
false lumen thrombosis and aortic remodeling 
occurred in TEVAR patients, but there was no 
impact on survival during 2-year follow-up [28].

Categorical determination of false lumen 
thrombosis may not be an entirely satisfactory 
end point when assessing patients after TEVAR 
for dissections. The thrombosis that occurs is 
a continuous process and so accurate assess-
ment requires evaluation over time. Andacheh 
and colleagues reported that following TEVAR, 
true lumen expansion occurred in patients with 
chronic complicated aortic dissection at a rate 
of 38, 46, 71 and 114% over baseline at 1, 3, 6 
and 12 months of follow-up, respectively. This 
was accompanied by subsequent regression of 
the false lumen by 65, 68, 84 and 84% for the 
same periods, respectively [53]. Many of these 
patients continue to have false lumen flow and 
pressurization provided by indirect flow through 
distal re-entry tears (Figure 4). Partial thrombosis 
of the false lumen is associated with increased 
pressure in the false lumen and may be related to 
increased late aortic related events [37]. Contrast 
in the false lumen may not be detectable in the 
early arterial phase of a CT scan and only seen on 
the delayed venous-phase imaging. Many reports 
probably overestimate the degree of false lumen 
thrombosis unless the analysis included delayed-
phase contrast-enhanced imaging [44]. Surgeons 
from Guy’s and St Thomas’ Hospital (London, 
UK) demonstrated that shrinkage of the false 
lumen is critical to treatment success. In their 
series, survival at 4 years was 89% in the group 
of patients with a reduction in false lumen size, 
while it was only 39% in those with either stable 
or increased aortic size [54].

Good results have been demonstrated in recent 
series of both open repair and TEVAR for chronic 
complicated dissection [41,43,44,47,53,54]. Although 
there is equipoise in several centers lending sup-
port for a randomized trial, outcomes depend 
upon specific details of a patient’s disease and 
the operator’s experience with either approach. 
Given the current controversy, establishment of 
a prospective multicenter registry could provide 
a great deal of information as to how best to treat 
these particularly complex patients.

�� Uncomplicated chronic dissection
Along with others, we have shown that the larger 
the aorta when it is treated for complicated 
chronic dissection, the worse the outcome [43,44]. 
The chance of inducing remodeling is better in 
the early than the late phase of disease. Because 
of these factors, earlier treatment for aortic dis-
section has been increasingly considered as a 
reasonable strategy.

TEVAR performed before aneurysm forma-
tion may be associated with improved aortic 
remodeling and resolution of dissection [49]. 
The INSTEAD trial is a randomized controlled 
study in which patients undergo TEVAR during 
the early chronic phase of disease, or optimal 

Figure 4. Endovascular controversy in the 
treatment of chronic dissection with 
aneurysm: thromboexclusion of the false 
lumen is unpredictable due to retrograde 
filling and continued pressurization 
(arrows) from more distal mature  
re-entry tears.  
Reproduced with permission from [24].
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medical therapy alone. In total, 146 patients 
with distal aortic dissection were enrolled and 
randomized at a median of 5 weeks after onset of 
dissection. At 2 years, there was no survival ben-
efit of TEVAR over medical therapy alone, and 
this is mostly due to an early hazard for patients 
receiving stent grafts. However, 16% of patients 
in the medical arm crossed over to require endo
vascular intervention. Furthermore, after the 
initial TEVAR, 8% required stent graft exten-
sion as an additional intervention. False lumen 
thrombosis, true lumen expansion and overall 
aortic shrinkage were better in TEVAR than 
with the medical therapy alone arm [28]. The 
initial design of the INSTEAD trial was prob-
ably underpowered. The INSTEAD XL trial, 

however, has allowed for continued follow-up 
of the cohorts for at least 5 years. Early reports 
of this analysis have demonstrated early decreas-
ing hazard and a later slowly increasing hazard 
with the TEVAR patients doing worse during 
the early hazard phase but better during the later 
hazard phase. The survival curves of the two 
groups cross at approximately 3 years [55]. This 
study suggests that if we can predict the risk for 
poor outcome during the early hazard, TEVAR 
in select patients may improve late outcomes in 
patients presenting with uncomplicated aortic 
dissection.

Complications of TEVAR in patients 
with dissection
Despite the morbidity advantages in high-risk 
populations, TEVAR is associated with the com-
plications of conventional aortic surgery, as well 
as others specific to the endovascular approach. 
Some of these additional complications can be life-
threatening. Management mandates long-term 
surveillance and reintervention as needed [44].

Endoleak after TEVAR for dissection ranges 
from 6 to 26%. Unlike degenerative aneurysms 
where type II endoleaks are most common, type 
I endoleaks are most frequent for dissection 
[44,47,56]. Kim et al. compared the true lumen 
volume among patients who developed (n = 8) 
or did not develop (n  =  33) endoleak after 
TEVAR and showed that endoleaks adversely 
affect remodeling. In the nonendoleak group, 
increase in true lumen was 29, 51 and 80%, 
at 1 month, 1 year and 5 years, respectively, 
compared with the endoleak group in which no 
change was observed without intervention [56].

It is important to differentiate endoleak from 
persistent filling of the false lumen. The former is 
due to poor sealing of the device within the lumen 
of the aorta, and the latter is related to the limita-
tions of TEVAR in aortic dissections where distal 
entry tears often remain patent. Persistent retro-
grade flow and pressurization of the false lumen is 
not a complication of TEVAR, as much as it is a 
failure of this technique in its current form to treat 
dissection in the chronic state [44].

Retrograde ascending aortic dissection is one 
of the most feared complications after TEVAR. 
It requires immediate surgical repair and the 
mortality is as high as 42% [57–59]. Fortunately, 
it is not too frequent with a reported incidence 
of 1–3%. As TEVAR use has expanded, this 
complication is being increasingly recognized 
[60]. Eggebrecht et al. reported retrograde dissec-
tion occurring intraoperatively in 15%, during 
hospitalization in 21% and at follow-up in 64% 

Figure 5. Completed hybrid two-stage 
repair after elephant trunk with distal 
aortic fenestration and endovascular 
completion. Notice the stent graft spanning 
from elephant trunk graft to modified distal 
landing zone with complete circumferential seal 
to adventitia. This technique prevents 
retrograde false lumen filling.  
Reproduced with permission from [24].
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of patients [57]. Risk factors include unstable aor-
tic pathology, such as dissection or intramural 
hematoma, proximal landing zone in the arch 
or ascending aorta, use of stent grafts with bare 
springs, disease progression, a diagnosis of con-
nective tissue disease and inadequate conform-
ability or poor approximation of the stent graft 
with the native aorta [44,57–59].

Patients with connective tissue 
disorders
Aortic-related events are the major cause of mor-
bidity and mortality in patients with Marfan’s 
syndrome and other connective tissue disorders. 
Risk of major aortic-related event, such as dis-
section or death, is at least 1.3% per year with 
aortic diameter above 5 cm [61]. Many of these 
patients will suffer dissection without aneurysm.

Use of TEVAR in patients with connective 
tissue disorders is a matter of controversy. The 
majority of these patients are young. The impact 
of radial force from stent grafts on weakened 
aortic tissue is unknown and the durability of 
endovascular repair in these patients is less well-
known than in any other group. Current guide-
lines recommend against the use of TEVAR, 
and the preferred treatment in this population 
is surgical repair [3]. Since the disease is one of 

continuous degeneration and it usually affects 
several aortic segments, many of these patients 
will require multiple interventions. Ultimately, 
many patients with a dissection and connective 
tissue disorder require staged replacement of 
their entire aorta.

The role of TEVAR as primary repair is not 
well established in patients with distal aortic 
dissection and connective tissue disease. Only a 
few descriptive studies have been published and 
include a limited number of patients who were 
high risk for open repair. Results were medio-
cre at best [62–64]. Despite this fact, many aor-
tic surgeons agree that TEVAR options provide 
an important adjunct to open repair for urgent 
indications and may prove durable when placed 
into graft material at the landing zones [65]. 
Some studies advocate the use of TEVAR for 
subsequent operations, since the mortality with 
reoperative open repair is high [66].

Conclusion
Endovascular therapy should be recommended 
for descending thoracic dissections in select 
patients. As our understanding of the natural 
history of dissection after TEVAR evolves, we 
can expect to see the development of more dis-
ease-specific devices and techniques, and broader 

Executive summary

Acute descending thoracic dissection
�� Complicated dissection:

–	 Several reports of real-world data show good results after thoracic endovascular aneurysm repair (TEVAR) for acute complicated 
dissection.

–	 Superiority of TEVAR over open surgery has been demonstrated in nonrandomized studies, especially in patients presenting with 
malperfusion or rupture.

�� Uncomplicated dissection:
–	 Current management is medical therapy and the use of TEVAR in the acute uncomplicated setting is still controversial since 

comprehensive data are lacking. ADSORB is the first randomized trial comparing medical therapy to TEVAR in this group.
�� Uncomplicated but high-risk dissection:

–	 A subset of patients with uncomplicated acute dissection are more prone to late complications. Several studies have addressed 
some of the potential risk factors. More studies are required to properly define this subset of patients and to investigate the 
effect of early endovascular therapy in preventing late complications.

Chronic descending aortic dissection
�� Complicated dissection:

–	 Recent series of both TEVAR and open therapy for chronic complicated dissection have demonstrated good results. With the 
current controversy regarding the best approach for these patients, establishment of a prospective multicenter registry could 
provide a great deal of information about how best to treat these particularly complex patients.

�� Uncomplicated dissection:
–	 There is no superiority of the early results of TEVAR over medical therapy in chronic uncomplicated dissection regarding survival, 

while TEVAR patients show better remodeling. Late results have suggested improved outcome in TEVAR patients. Proper 
selection of patients for TEVAR is required. Late INSTEAD trial results will be important.

�� Complications of TEVAR in patients with dissection:
–	 Despite the less invasiveness and lower risk of TEVAR compared with open repair, TEVAR has potential for serious complications. 

Proper patients selection and identification of risk factors are required to avoid the complications.
�� Patients with connective tissue disorders:

–	 Definitive management with TEVAR for patients with connective disorders is not recommended; however, there may be a role in 
patients requiring emergency intervention or multiple-staged interventions.
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application of these technologies to more patients 
with dissection.

Future perspective
As most proximal entry tears occur in close prox-
imity to the left subclavian artery, it is common 
for the stent grafts to extend proximally into the 
aortic arch. This means that the device must lie 
in a curved position and the procedure com-
monly requires coverage of the left subclavian 
artery. Serious complications related to these 
factors include the occurrence of retrograde 
dissections and injury to the brain or spinal cord.

Newer stent graft devices to address these 
shortcomings include those that are more flexi-
ble. The CTAG device from Gore Medical (AZ, 
USA) was redesigned to be more conformable 
in a curved position. Recent modifications to 
the delivery systems of both the Zenith (Cook 
Inc., IN, USA), Valiant™ (Medtronic Inc., 
CA, USA) and Relay® (Bolton Medical, FL, 
USA) systems allow for a controlled proximal 
release to facilitate conformation of the arch 
to the curve. Several companies are trialing 

devices with branches to accommodate the left 
subclavian artery.

For patients in whom the tear is too proximal 
to allow for safe endovascular fixation and seal, 
hybrid options provide for a durable alternative 
that may be less invasive than a two-stage open 
repair (Figure 5) [25,65].

To reduce the risk of retrograde false lumen 
filling and improve the prospect of aortic 
remodeling, newer techniques have included 
the use of distal bare stenting in the abdomi-
nal aorta, stent grafting into a broadly fenes-
trated portion of the distal aorta and false lumen 
embolization [5,24,67,68].
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