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Abstract: Thoracic endovascular aortic repair (TEVAR) is the optimal therapy for the treatment of
complicated acute type B aortic dissection (aTBAD). Numerous studies have confirmed its efficacy in
improving early survival and minimizing the risk of adverse events compared to alternative treatments.
Moreover, growing evidence demonstrates its ability to remodel the aorta, improve aortic-specific survival,
and decrease the need for aortic re-interventions at long-term follow-up. While uncomplicated aTBAD has
traditionally been managed with optimal medical therapy (OMT), there is an increasing amount of data to
suggest that OMT is a poor strategy for the treatment of TBAD in the chronic phase. Several recent studies
have demonstrated that a significant number of patients with uncomplicated aTBAD treated with OMT
require aortic intervention in the chronic phase due to aneurysmal degeneration of the false lumen (FL).
Therefore, TEVAR has been increasingly proposed as an alternative therapy for patients with uncomplicated
aTBAD, especially in patients with high-risk features. In this article, we summarize the most recent
data regarding short- and long-term outcomes of TEVAR in complicated aTBAD that have established
TEVAR as the standard of care for this presentation. Additionally, we address the unresolved issues in the
management of uncomplicated aTBAD including the evolving use of TEVAR for this cohort of patients.
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Introduction of clinical onset: hyperacute <24 hours, acute (1-14 days),
subacute (15-90 days), and chronic (>90 days) (1). Acute
TBAD has further been categorized as complicated or
uncomplicated. Complicated aTBAD is defined by the

presence of aortic rupture or organ malperfusion. In the

Opver the last two decades, the management of acute type B
aortic dissection (AT BAD) has undergone a radical paradigm
shift, moving from open surgery to thoracic endovascular
aortic repair (TEVAR). By covering the primary intimal absence of these two clinical/radiographic features, patients
tear, TEVAR eliminates antegrade flow into the false lumen are considered uncomplicated. Patients presenting with

(FL), expands the true lumen (TL) and reapproximates complicated aTBAD represent the highest risk subgroup

the acutely dissected layers of the aortic wall (Video I).
Opver time, this process induces FL thrombosis, preventing
further FL. degeneration and promoting favorable aortic
remodeling.

Currently, TBAD is classified according to the duration
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with an in-hospitality mortality of 31% (2). This review
highlights the excellent short- and long-term outcomes
of endovascular therapy for the treatment of complicated
aTBAD that have established TEVAR as the standard
of care for this presentation. Additionally, we discuss the
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Video 1 TEVAR in the management of acute complicated type B

aortic dissection: a case study.

evolving stratification and management of uncomplicated
aTBAD patients and ongoing areas of controversy in the
use of early TEVAR for these patients.

TEVAR reduces early mortality and promotes
favorable long-term aortic remodeling in
complicated aTBAD

Compared to optimal medical therapy (OMT) and open
surgery with in-hospital mortality rates of 30-35% in the
latter (2), TEVAR has significantly reduced early mortality
in patients presenting with complicated aTBAD. Data from
our own institution and others have demonstrated low in-
hospital mortality rates of 0-8% (3-5). In one of the early
reports of TEVAR for complicated aTBAD, the Penn
group reported a 30-day postoperative mortality rate of
2.8% and 1-year survival of 93.4% (3). The incidence of
permanent renal failure (2.8%), stroke (2.8%), paraparesis
(5.7%), and paralysis (2.8%) were also low in this early
experience. In a later series from the Duke group, there
were no cases of mortality in the 30 days following TEVAR
and similar rates of renal failure, stroke, and spinal cord
ischemia were reported (4). An analysis of the Emory Aortic
Database of complicated aTBAD patients reported an in-
hospital mortality of 5.0%, 1.3% incidence of renal failure,
7.5% incidence of stroke, 2.5% paraparesis, and no cases of
paraplegia (6).

In addition to successfully treating aortic rupture and
resolving malperfusion in aTBAD, TEVAR has been shown
to be highly effective in remodeling the acutely dissected
aorta (7). Aortic remodeling is defined as expansion of
the TL, obliteration or reduction of the size of the FL by
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promoting FL thrombosis, and stabilization or reduction
of total aortic diameter. Our analysis of aortic remodeling
outcomes at Emory demonstrate that in patients who have
received stenting of the entire descending thoracic aorta
(DTA), complete FL. thrombosis of the proximal, mid-
and distal DTA can be achieved in 91%, 79% and 53% of
patients at 12 months following TEVAR. No significant
growth of the thoracic or abdominal aorta has been
observed, although careful surveillance is warranted for the
abdominal aorta, as the infrarenal FL remains perfused in
94% of patients (8). It is notable that despite the persistent
FL perfusion, we have yet to re-intervene with open or
endovascular therapy for abdominal aortic degeneration
in patients with complete thoracic aortic coverage.
These favorable aortic remodeling results have also been
demonstrated by other groups (9-11). Aortic remodeling
is an important feature of TEVAR, as it has been shown to
significantly reduce aortic-related mortality compared to
OMT (12).

One of the remaining unanswered questions with
regards to TEVAR for complicated aTBAD is the
optimal procedure to perform. Initially, TEVAR with
<20 cm coverage of the DTA was performed due to
concerns for spinal cord ischemia with aortic coverage
>20 cm (13). Recently, we analyzed outcomes from the
Emory Aortic Database comparing aTBAD patients
with short segment or “standard” aortic coverage to
patients undergoing “extended” coverage from the
left subclavian artery to the level of the celiac axis
with covered stents (mean length of aorta coverage:
241.7+29.2 mm vs. standard: 180.8+22.3 mm,
P<0.001) (8). The goal of extensive aortic endograft
coverage is to maximize the aortic remodeling benefits
by covering all secondary tears in the DTA, thus further
reducing both antegrade and retrograde perfusion of the
FL. Our analysis demonstrated that extended TEVAR can
be performed safely with a low risk of spinal cord ischemia
using a strategy of selective lumbar drain use and permissive
hypertension. Furthermore, extended TEVAR provided
superior remodeling as 53% of extended patients had
complete FL thrombosis or obliteration at the level of the
diaphragm compared to only 16% in the standard group
(P=0.004) This translated into a greater freedom from distal
aortic reinterventions with extended TEVAR at 5-year
follow-up (extended 92% vs. standard 68%, P=0.04) (8).

An alternative to the extended TEVAR technique is the
PETTICOAT procedure which involves endo-grafting
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of the proximal and mid-DTA with covered stent grafts,
followed by bare metal stents extending throughout the
entire thoracic and abdominal aorta. This technique
was developed to improve aortic remodeling while
mitigating the risk of spinal cord ischemia. Multiple studies
have demonstrated low mortality and favorable aortic
remodeling outcomes with approximately 50% of patients
achieving complete FL. thrombosis of the DTA with the
PETTICOAT technique (9-11). In an effort to completely
obliterate the FL and achieve a “uni-luminal” repair, the
Stent-Assisted Balloon-Induced Intimal Disruption and
Relamination in Aortic Dissection Repair (STABILISE)
technique was designed. This technique consists of
deployment of covered stent grafts from the left subclavian
artery to the diaphragm followed by bare metal stenting to
the aorto-iliac bifurcation. An aortic balloon is then inserted
and expanded inside the covered stent grafted segment of
the distal DTA with the intent of rupturing the dissection
flap and re-opposing the intimal flap to the aortic wall.
Aortoplasty is performed throughout the entire bare metal
segment in an effort to achieve a single lumen at the aorto-
iliac bifurcation (14). This technique has demonstrated low
rates of adverse events at 30 days: 2% death, 0% stroke, and
5% SCI, as well as excellent aortic remodeling outcomes. In
an analysis of 41 aTBAD patients undergoing STABILISE
with a median follow-up of 12 months, 100% achieved
complete elimination of FL perfusion throughout the
stented segments of the thoracoabdominal aorta (15).

Regardless of the strategy is chosen, however, retrograde
FL perfusion distal to the stent graft remains the biggest
hurdle to overcome in the use of TEVAR for aTBAD,
and thus, the abdominal aorta remains at risk for further
expansion. Nevertheless, the advantage of TEVAR over
open surgery or OMT is indisputable, and reflected by the
Class I indication as the treatment of choice for complicated
aTBAD in the most recent version of the European Society
of Cardiology Guidelines (16).

Management of uncomplicated TBAD: evolving
role of TEVAR and ongoing areas of controversy

In contrast to complicated aTBADs, the optimal therapy
for uncomplicated aTBADs remains controversial.
Traditionally, OMT has been the primary therapy
for uncomplicated aTBAD with surgical intervention
(open or endovascular) reserved for the development of
aneurysmal degeneration of the FL in the chronic phase.
In a large meta-analysis containing 1,548 patients with
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uncomplicated aTBAD, OMT resulted in a 93.6% survival
to hospital discharge (17). However, as patients enter the
chronic phase with OMT, the need for intervention rises
with a corresponding reduction in survival. Historical
and contemporary data have demonstrated a 25-30%
incidence of open surgical intervention in the chronic
phase for medically managed patients with aTBAD (18-21).
Furthermore, recent natural history TBAD data have
demonstrated long-term survival rates of 48-59% with
OMT and overall intervention-free survival rates of
<50% (18,22). Given these data, we examined our own
institutional experience in managing uncomplicated aTBAD
at Emory. In our analysis of 318 patients presenting with
uncomplicated aTBAD managed with OMT from 2000 to
2016, 46% of patients required either open or endovascular
intervention at a mean of 2.7 years after their initial
diagnosis of aTBAD. Of the entire cohort, the intervention-
free survival was 30.9% and the overall survival was 58.9%
at 10 years (6) (Figure I).

In light of the realization that OMT leads to poor
long-term outcomes in uncomplicated aTBAD combined
with the excellent outcomes reported with TEVAR in
complicated aTBAD, the case has been made to treat
all aTBADs with TEVAR. Unfortunately, there is a
lack of robust data regarding the efficacy of TEVAR in
uncomplicated aTBAD, and the data that currently exists
is limited by its retrospective nature. Currently, there is
only one existing prospective randomized trial comparing
OMT to TEVAR for the treatment of uncomplicated
aTBAD, the Acute Dissection Stent-grafting OR Best
Medical Treatment (ADSORB) trial. ADSORB randomized
patients with uncomplicated a TBAD to OMT (n=31) or
OMT + TEVAR (n=30) and demonstrated improved aortic
remodeling but no difference in mortality with TEVAR at
1 year (23).

Although limited by their retrospective nature, there
are several notable studies describing the use of TEVAR in
uncomplicated aTBAD in the literature from which lessons
can be learned. Yong-Lin and colleagues analyzed their
experience with the treatment of 338 patients (TEVAR
n=184 vs. OMT n=154) presenting with uncomplicated
aTBAD from 2003-2014. At 30 days, there was no
difference in stroke, organ failure or mortality between
the two groups. At S-year, the freedom from aortic-related
adverse events was improved with TEVAR (TEVAR 71.8%
vs. OMT 62.2%, p=0.03) and all-cause mortality was
reduced with TEVAR (TEVAR 10.8% vs. OMT 14.3%,
P=0.01) (24). In a similar study, Xiang and colleagues
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Figure 1 Kaplan-Meier intervention-free survival curve of uncomplicated aTBAD patients (solid line). Dotted lines indicate upper and

lower 95% CI.

compared 357 patients from 2008-2018 who were treated
with either OMT (n=166) or TEVAR (n=191). After
propensity-score matching was performed, 145 match pairs
were analyzed. Their results demonstrated no significant
difference in stroke, acute renal failure, retrograde type A
dissection or 30-day mortality between the two treatment
arms. However, at 5-year, the freedom from all-cause
mortality (TEVAR 91.9% vs. OMT 82.2%, P=0.28) and
aortic-related mortality (TEVAR 94.1% vs. 86.1%, P=0.44)
was significantly improved in the TEVAR group. In the
multi-variable analysis, OMT was identified as a significant
risk factor for all-cause mortality (25). Finally, lannuzzi
and colleagues analyzed outcomes of 9,165 patients from
the California Office of Statewide Hospital Planning
Development Database presenting with uncomplicated
aTBAD from 2000 to 2010. Patients were treated with
either OMT (n=8,717) TEVAR (n=266) or open surgery
(n=182). There was no significant difference in inpatient
mortality between TEVAR and OMT. However improved
survival was observed with TEVAR at 1-year (TEVAR 85%
vs. OMT 76%, P<0.01) and 5-year (TEVAR 76% vs. OMT
60%, P<0.01) follow-up (26).

In a statement from the 2008 Society of Thoracic
Surgeons Expert Consensus Document on the Treatment of
Descending Thoracic Aortic Disease Using Endovascular
Stent-Grafts, the authors stated that “in patients with
uncomplicated acute type B aortic dissection, (medical
management) constitutes a benchmark that will be difficult
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to surpass or even match by endovascular stent-graft
treatment...” (27). Although this may have been true in
2008, contemporary data from our group and others at
high volume aortic centers have demonstrated equivalent
or superior short-term outcomes with TEVAR compared
to OMT for the treatment of both uncomplicated and
complicated (higher risk cohort) aT'BAD (4-6,12).
Therefore, despite the lack of a robust randomized
controlled trial, there is growing data and support from
the aortic community that TEVAR may improve long-
term outcomes compared to OMT in patients with
uncomplicated aTBAD.

Are there high-risk features in uncomplicated
aTBAD that warrant early TEVAR?

The data discussed in the preceding paragraphs have
clearly demonstrated that a significant number of patients
with uncomplicated aTBAD will ultimately fail OMT and
require intervention due to FL degeneration. Furthermore,
TEVAR has been shown to be highly effective in inducing
aortic remodeling which reduces aortic-related mortality in
the chronic phase of TBAD. Yet, TEVAR is not a risk-free
procedure, and carries peri-procedural risks of retrograde
type A dissection, stroke, spinal cord ischemia, vascular
injury and acute kidney injury. Therefore, rather than
stenting all uncomplicated aTBADs, the optimal approach
would be to identify those patients with a high probability
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of OMT failure at the time of their initial diagnosis and
intervene in the acute phase with TEVAR. Our group
has demonstrated that endovascular therapy has a greater
impact on aortic remodeling and long-term survival
when TEVAR is performed early in the disease process.
Endovascular therapy is more effective in expanding the
TL and obliterating the FL in the acute phase when the
dissection membrane is thin and pliable, as opposed to
in the chronic phase when it becomes a more fibrotic,
thickened, rigid structure (6).

Therefore, investigations have been performed to identify
“high-risk” radiographic features in the acute phase that may
predict FL aneurysm formation in the chronic phase. These
investigations have primarily focused on three anatomic
features: aortic diameter, FL size and thrombosis status,
and morphologic characteristics of the primary intimal tear.
In an analysis of 254 patients receiving OMT for TBAD,
Schwartz et al. found an aortic size of 4.0 cm to be predictive
of intervention (28). This finding was corroborated by other
studies demonstrating that a DTA diameter of >4.0 cm
is predictive of aortic growth and adverse outcomes in the
chronic phase of TBAD (29-33). Our own institutional
analysis of predictors of OMT failure among uncomplicated
aTBAD found a DTA aortic size cutoff of >4.5 cm at time of
presentation to be the most important predictor, manifesting
as both an increased risk of aortic intervention and reduced
long-term survival (HR 1.39, 95% CI: 1.24-1.56), compared
to those presenting with a smaller DTA (34). This data is
intuitive, as patients who have an aneurysmal aorta (>4.0 cm)
at time of their dissection will have a greater likelihood of
either aortic rupture, or need for intervention in the chronic
phase as the FL. degenerates.

In contrast, the FL data is ambiguous and conflicting. It is
well-recognized that patients with complete FL. thrombosis
have improved survival, whereas those with a completely
patent FL have an increased risk of aneurysm formation
and death (35-37). However, the implications of a partially
thrombosed FL are unclear. In an International Registry of
Acute Aortic Dissection study, Tsai and colleagues analyzed
201 patients with aTBAD (including 27% complicated
aTBAD treated with open or endovascular therapy) with
a median follow-up of 2.8 years. In this study, the status
of the FL. was patent in 57% and partially thrombosed in
34% of patients, and partial FL. thrombosis was found to be
an independent predictor of mortality (HR 2.69, 95% CI:
1.45-4.98, P=0.002) (35). However, in our own institutional
study consisting of 318 uncomplicated aTBADs, partial FL
thrombosis was not identified as an independent predictor
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of OMT failure (34). Additionally, a FL diameter of >22 mm
and the location of the FL on the greater curve of the aorta
have also been shown to be predictive of aneurysm growth
(38-40). Studies attempting to characterize the primary
intimal tear have suggested that size >10 mm or location in
close proximity to the left subclavian artery in Zone 3 are
independent predictors of aneurysm formation (28,40).

Despite this progress, there is no single radiographic
feature that reliably predicts aortic growth and death. This
underscores the overall lack of understanding of aTBAD
anatomy and physiology that prevents accurate prediction
of which patients will have complications requiring
intervention and which will be adequately treated with
OMT alone. At Emory, we consider an uncomplicated
aTBAD “high risk” if they have a combination of the
following features: (I) intractable pain or hypertension; (II)
total aortic diameter >4.0 cm; (IIT) FLL diameter >22 mm;
(IV) primary intimal tear location in Zone 3. In this cohort
of patients, we are aggressive about performing TEVAR in
the acute phase.

Conclusions

Over a decade of experience of using TEVAR in the
treatment of patients with complicated aTBAD has led to
a paradigm shift in the treatment of complicated aTBAD,
and TEVAR is now the standard of care in this high-risk
presentation. Moreover, there is extensive evidence that
early TEVAR remodels the aorta and improves late aortic-
specific survival. However, it is not without periprocedural
risks, and the risk of retrograde type A dissection and
neurological complications remain concerning. Evidence
is mounting that demonstrates the inadequacy of OMT in
the management of uncomplicated aTBAD. Uncomplicated
aTBAD remains a heterogenous disease process with some
patients having higher risk features that may benefit from
early TEVAR. The next steps will be to develop a predictive
model to determine which patients can benefit from early
endovascular therapies to remodel the aorta and prevent
late complications.
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